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Abstract 

The human body has vital parameters such as respiration, heart rate, and body temperature. Respiratory rate (RR) 

is a parameter that expresses the rate of respiration per minute. Respiratory activities play an essential role in human 

life. The rate of respiration has a particular range, which is 14-18 cycles per minute for a healthy and normal person 

at rest. The oxygen in the blood enters the body during respiration and is expelled as carbon dioxide in return. Any 

problems with breathing may pose a serious health risk. An abnormal breathing pattern indicates serious illnesses 

such as cardiac arrest and hospitalization in the intensive care unit (ICU) and when it falls below a certain limit, it 

indicates a loss of consciousness. This is why it is so imperative to develop devices and methods measuring 

respiration rates. 
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1. Introduction 

In this study, methods that are used to estimate respiration rates are 

examined, such as sensor Strain Gauge and induction method.  The 

advantages of these methods are: Be safe, Easy to use, Non-invasive [1-

11], Low cost, Portability [12-15], High responsiveness [16-32], and the 

patient does not need special preparation for use. 

There are various methods for measuring respiration and monitoring it, 

which are generally divided into two categories, Direct and Indirect [33]. 

In the Direct method, the sensors that are used in the devices are 

connected directly to the airway and measure the movement and 

characteristics of the air passing into the lungs [34]. In the Indirect 

methods, the sensors that are used in the devices examine the variables 

related to air movement. In this method, the sensors do not come into 

contact with the airways. These methods are non-invasive and can be used 

close to the body surface [35]. The two sensors that we will get acquainted 

with within the following are among the sensors that can be used in this 

method. 

Each measurement system used in the medical field has different sections 

listed below. These sections are:  

Sensors (used to measure physiological signals), converters or electrodes 

(used to convert the received signal into an electrical signal), amplifiers 

(responsible for amplifying weak signals), analog to digital converter (in 

this section analog signals are converted to digital), signal storage section 

(this section stores the signal that was converted to digital in the previous 

step), signal analysis (in this section operations and processing algorithms 

are performed on the digital signal), display (the last part of the 

measurement system is the display section because it is necessary to have 

an output for each measurement system, which is usually displayed on the 

display). 
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Figure 1: Block diagram of different parts of a medical measurement system. 

2. Material and Methods 
2.1 Respiratory Estimation System using Strain Gauge 

This system is made up of different parts, which are: Strain Gauge Sensor, 

Differential Amplifier, Low-Pass Filter, Hysteresis Comparator, and 

Digital Counter. 

Simulation of different parts of the circuit 

- Strain Gauge Sensor 

A general definition for a strain gauge is that it is any device that measures 

surface deformation. A strain gauge is actually a sensor used to measure 

pressure. The electrical resistance changes when the sensor deforms [36]. 

The earliest type of strain gauge was invented by Ruge that this sensor 

consisted of a piece of cigarette paper to which a small wire was attached. 

Ruge later developed it with the help of his colleagues and it was patented 

[37]. 

Strain gauges are mainly divided into two categories: Bonded and 

Unbonded. bonded strain gauges are more commonly used. These strain 

gauges are made of metal foil. But the unbonded strain gauges are made 

of a very fine metal wire. Bonded or limited Strain gauge are known 

because these sensors must be attached to an elastic part [38]. 

The best circuit to use the strain sensor is the Wheatstone Bridge circuit 

[39-45]. The Wheatstone Bridge is an electrical circuit consisting of four 

resistors, and when we want to use a strain gauge, we have to replace it 

with one of the resistors in the Wheatstone Bridge. The basis of bridge 

operation is the law of voltage distribution. The output of this bridge is 

amplified and recorded when it is measured. 

There is no model for Strain Gauge in Proteus software, so a variable 

resistor was used instead. When breathing has done, the Strain Gauge 

resistance changes, causing the bridge to become unbalanced and 

generating voltage as the input to the next stage. The Strain Gauge used 

in this circuit is 350 ohms. We adjust the resistances in the other branches 

of the bridge using the variable resistors so that the bridge is in 

equilibrium. Here the value of these resistors is considered to be 500 

ohms. 
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Figure 2: Strain gauge sensor and its various parts [46]. 

 

Figure 3: Wheatstone bridge and its output in equilibrium. 

 

Figure 4: Wheatstone bridge and its output in an unbalanced state. 
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-Differential Amplifier 

The AD620 chip is used for the amplifier. Among the features of this chip are: high accuracy, low cost, low noise, very high CMMR, high input 

impedance, low output impedance, gain or gain is in the range of 1 to 10,000, which requires only one resistor to adjust it. 

 

Figure 5: Differential Amplifier simulation with AD620. 

- Low Pass Filter 

The LM741, which has eight pins, is used for the Low-Pass Filter. Pins number 2 and 3 are the inputs to the output of the previous stage (differential 

amplifier) is applied. Pins 4 and 7 are for powering the LM741, which connects to -5V and +5V. Figure 6 shows the simulated circuit of a Low-Pass 

Filter by Proteus software. 

 

Figure 6: Simulated Low-Pass Filter circuit. 

- Hysteresis Comparator 

LM741 is also used in this part. Figure 7 shows the simulated circuit of the Hysteresis Comparator. 
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Figure 7: Simulated Hysteresis Comparator circuit with Proteus software. 

- Digital Counter 

The Digital Counter consists of several parts. In the first stage, there is the 

74LS193, which is a binary counter. Among the features of this chip are: 

high speed (counting frequency of 40 MHz), simultaneous counting, low 

power (average loss of 95 MHz), etc. [47]. The next step is the 74HC08 

and 74HC32 chips. These chips belong to the AND s OR gates, 

respectively. The feature of these chips is that the operating temperature 

range is between -47 to 85 degrees Celsius, the maximum voltage required 

for power supply is 6 volts, and they have four gates. These chips have 14 

pins that the pin number 7 is the ground and the pin number 14 is the 

power supply. The next step is the 74LS47 chip. This chip is commonly  

used in calculators, clocks, digital displays, etc. [48]. This chip is a BCD 

to Seven Segment converter. The maximum voltage required for this chip 

is 5 volts. It has 16 bases, which are 4 input pins (pins 1-2-6-7), 7 output 

pins (pins 9 to 15), 8 ground pins, and 16 power supplies. The last part of 

the digital counter is the seven-segment. There are two types of seven 

segments: common anode and common cathode. In this project, a 

common anode has been used. Each of the seven segments can display 

numbers from 0 to 9. To protect the seven segments, a resistor must be 

placed between the common base and the source or before each base. 

Finally, the simulated Digital Counter circuit is shown in Figure 8. This 

counter can count from 0 to 99. The complete circuit simulated by Proteus 

software is shown in Figures 9 and 10. 

 

Figure 8: Simulated circuit of Digital Counter in Proteus software. 
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Figure 9: Complete circuit simulated in Proteus software when in equilibrium. 

 

Figure 10: Complete circuit simulated in Proteus software during respiration. 

After completing the simulations and getting the desired results, the PCB circuit was designed. Figure 11 shows the designed PCB. 
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Figure 11: The PCB circuit. 

 

Figure 12: Three-dimensional PCB design of a simulated circuit. 

The next step after designing and simulating the circuits is to design and 

prepare the belt to which the system is connected. For this purpose, we 

must prepare a ring on which the sensors are placed. This ring must be 

flexible to affect the sensors if it is pulled or compressed. Steel can be 

used to make this ring. The point is that it should be as thin as possible to 

be flexible, so it is thick enough that the sensors can be placed on it. The 

made ring has a thickness of less than 1 mm, a radius of 23 cm, and a 

width of 1 cm. The next step is to attach the rubber band to both sides of 

the ring (Figure 13). This rubber fastens the ring on which the sensors rest 

on the chest. 
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Figure 13: The belt that made with a sensor mounted on it. 

2.2 Respiratory Estimation System using Induction Method 

This system uses reciprocal induction in the windings. In this way, the excitation source is applied to the primary coil and this causes the induction 

voltage in the coil to be secondary, and this induced voltage changes with distance (Figure 14). 

 

Figure 14: Mutual induction of two windings and change of inductive voltage with distance [49]. 

The coil that connects to the source is placed on the bed and the secondary 

coil is placed on the garment or blanket. The distance between these coils 

changes with each breath, and this causes a change in the voltage is 

induced. The secondary voltage is then applied to an ATMEGA16 and 

according to the program developed by the programming software for the 

micro, it is written that every time the voltage exceeds a certain limit, it 

indicates respiration, and finally the number of respirations is determined. 

To make primary and secondary windings, experiments were first 

performed with coreless windings, but no significant voltage was induced 

in the secondary winding. Therefore, it was decided to use a ferrite core 

for the windings to amplify the inductive voltage. In electronics, ferrite is 

mostly used as the core. Due to its high magnetic permeability and low 

electrical conductivity, this property prevents the formation of eddy 

currents [50]. 
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Figure 15: Ferrite of a rod with a diameter of approximately 1 cm and a length of 8 cm used as the core of primary and secondary windings. 

The wires used for winding should be as thin as possible so that they do 

not draw high currents and reduce the induced voltage. There are various 

types of copper wires available in the market, we selected copper wire 

with a thickness of 0.8 mm and coiled. Initially, 100 turns were wound 

for each coil, and the secondary induction voltage was approximately 

equal to 1 volt. To increase the inductive voltage, we must increase the 

number of turns of the windings. Therefore, in the next step the number 

of turns of the windings increased to 200 turns and the inductive voltage 

increased to 2 volts.  In the next step, only the number of turns of one of 

the coils increased to 340 turns, and this coil was placed once as the 

primary coil and then as the secondary coil (Figure 16). When the number 

of turns of the primary winding was less than the number of turns of the 

secondary winding, the amount of induced voltage in the secondary 

winding increased. The inductive voltage was 3.670 volts when the coils 

were the shortest distance apart, and the inductive voltage reduced when 

the coils were spaced apart, reaching zero at the maximum distance of 

about 10 cm, and when they were close together again the inductive 

voltage increased. 

 

Figure 16: Primary and secondary windings. The number of turns of the primary winding is 180 turns and the secondary winding is 340 turns. 

The complete simulated circuit of this system using Proteus software is shown in Figure 17 and the PCB designed in Figure 18. 
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Figure 17: Simulated circuit of induction estimation system with Proteus software. 

 

Figure 18: The PCB design for the induction estimation circuit. 

3. Conclusion 

Living conditions today have changed a lot and are different from before, 

so health care has become more important. A wide range of people, from 

infants to the elderly, need this care. With the advancement of science and 

knowledge, these cares are done using technology, because the use of old 

methods is associated with error. There are various methods and sensors 

for measuring the rate of respiration, whose task is to monitor the rate of 

respiration in order to prevent diseases and treatment. Sometimes it is 

necessary to use these monitoring devices at home or to have the device 

with the patient permanently until the end of the treatment period. 

Therefore, as far as possible, the designed devices should be devices with 

less bulk and weight and with the capability of remote monitoring and as 

non-invasive and wireless as possible, and they should be easy to use. 

Because respiratory disorders are one of the most common diseases in 

daily life, continuous monitoring of a patient's respiratory rate is 

importance. Respiratory disorders exist in children and even infants in 

addition to adults, so systems with the least amount of disturbance are 

required and can also be used at home because the infants are separated 

from their mothers and kept in the hospital for both of them problematic 

and annoying. Another advantage of such systems is that they are less 

expensive for families because they do not require hospitalization and also 

help the medical staff. Since continuous RR monitoring is very important 

for patients, infants, and the elderly, new technologies and monitoring 

systems are required on RR. The methods described in this article have 

advantages such as lower cost, Non-invasive, usability easy, higher 

accuracy, less space required, portability, and can be used at home. 

Interpretation of the obtained measurements does not require knowledge 

and expertise. It is comfortable to use and does not disturb the patient. 
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