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Abstract—The study aimed to develop a non-invasive 

pulmonary vibration device, specifically tailored for pediatric 

patients, to address a range of pulmonary conditions. The device 

employs a PID control system to ensure consistent and precise 

vibrations. The primary contribution of this research is the 

successful development, testing, and implementation of this 

innovative device. Utilizing technical components such as an 

Arduino, a vibration DC motor, and an ADXL335 

accelerometer, the device was engineered to deliver stable and 

continuous vibrations even when subjected to external pressures 

or interactions with the patient. Controllers, including P, PI, PD, 

and PID types, were rigorously compared. The Ziegler-Nichols 

tuning technique was applied for meticulous evaluation of 

vibration control specifically within the context of this non-

invasive pulmonary vibration device. Our findings revealed that 

the PID controller displayed superior accuracy in vibration 

control compared to P, PI, and PD controllers. Clinical trials 

involving pediatric patients showed that the PID-controlled 

device achieved treatment outcomes comparable to 

conventional methods. The device's precise control of vibration 

strength provides an added benefit, making it a well-tolerated, 

non-invasive treatment option for various pulmonary conditions 

in pediatric patients. Future research is necessary to assess the 

long-term effectiveness of the device and to facilitate its 

integration into standard clinical practice. In summary, this 

study represents a significant advancement in pediatric 

pulmonary care, demonstrating the critical role that PID control 

systems adapted for non-invasive pulmonary vibration devices 

can play in enhancing treatment precision and outcomes. 

Keywords—Pulmonary; PID Control; Vibration Device; 

Pneumonia. 

I. INTRODUCTION  

Pneumonia remains a substantial concern in pediatric 

care, accounting for a high rate of hospitalizations and 

fatalities, especially among children under the age of five [1]-

[5]. In Thailand, the morbidity rate for pediatric pneumonia 

in the age group of 0-4 years is alarmingly high, estimated at 

1,975.97 cases per 100,000 population [2], [6]. 

Acknowledging the gravity of the situation, the Ministry of 

Public Health in Thailand has reported that up to 50 percent 

of children under 5 are affected by pneumonia, with life-

threatening severe cases comprising 7-13 percent of instances 

[7]. Traditionally, viruses have been pinpointed as the 

primary causative agents of pneumonia in children, 

influencing the respiratory tract and resulting in symptoms 

like shortness of breath and respiratory failure [2]-[10]. 

Among the range of available treatments, chest physical 

therapy stands out as an essential component of effective 

pediatric pneumonia management [1], [5], [8]-[13]. 

However, traditional techniques such as percussion and lung 

vibration come with limitations and are not effective across 

all cases. The success of these methods largely depends on 

the expertise of the healthcare provider [11]-[13]. Moreover, 

devices engineered to enhance sputum drainage, like chest 

vibrators, are typically only accessible in well-funded 

healthcare settings due to their elevated costs [10], [14]-[16]. 

To address these shortcomings, this study aims to 

introduce an innovative and cost-effective pulmonary 

vibration device based on Arduino technology, which has 

shown a wide range of applicability across various system 

control fields [17]-[43]. Notably, the technology also 

demonstrates applicability in motor control systems [44]-

[52]. The device features a Vibration DC motor and an 

ADXL335 and is managed by a Proportional-Integral-

Derivative (PID) control system. PID control systems are 

well regarded for their user-friendly design and effectiveness 

in maintaining system stability. Various methods for system 

optimization, such as the Ziegler and Nichols technique, have 

been examined [53]-[74]. 

The primary objective of this research is to assess the 

effectiveness of this Arduino-based, non-invasive pulmonary 

vibration device within the framework of pediatric 

pneumonia care. This study employs Donabedian's 

Conceptual Outcome Theory to evaluate the quality of 

nursing care and utilizes Cohen's table for one-tailed 

hypothesis testing on the total sample [75], [76]. In summary, 

the study delves into the development, implementation, and 

evaluation of this non-invasive pulmonary vibration device. 

It outlines its promising results in both controlled 

experimental settings and real-world case studies. These 

findings are anticipated to align with existing therapeutic 

interventions and will contribute to our broader 

understanding of effective treatments for pneumonia [77]-

[85].  
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II. RESEARCH METHOD 

A. System Design and Components 

The pulmonary vibration device is designed to improve 

lung function and is composed of two principal components, 

as depicted in Fig. 1 and Fig. 2. At the core of the system is 

the controller box, which contains an Arduino Uno board, a 

variable resistor, a button switch, an LCD screen, and a motor 

driver. This controller box processes the incoming data and 

controls the vibrational force applied. In addition to the 

controller box, the second major component is the vibration 

device. This unit utilizes a DC12V motor, which is fitted with 

a cam and an accelerometer to monitor its operational 

dynamics. The system provides real-time feedback through 

an LCD screen. Safety measures, including an emergency 

stop button and software set limitations on vibration intensity, 

are incorporated into the design, with all safety protocols 

receiving approval under IRB document COA: 009/2021 and 

Protocol No: EC 20107-19.  

 

Fig. 1. Block diagram of the overall system 

 

Fig. 2. Non-invasive pulmonary vibration device 

     The operation of the device follows a flowchart shown 

in Fig. 3, where users initially adjust the variable resistor to 

set their desired vibration force. Users can choose between 

two modes of operation, continuous and intermittent. In the 

intermittent mode, the device vibrates for a span of 10 

seconds followed by a 5-second pause, and this cycle 

continues until the user manually stops the operation. The 

vibration apparatus and vibration device used in this research 

are shown in Fig. 4 and Fig. 5. 
 

 

Fig. 3. Program flowchart of pulmonary vibration device 

 

Fig. 4. Vibration apparatus (controller box) 

 

Fig. 5. Vibration device 
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B. Hardware Components and Implementation 

This section explains the components that had been used 

including Arduino Uno, ADXL335, vibration DC motor, DC 

motor drivers, and variable resistor.  

The Arduino Uno serves as the system's main 

microcontroller and is featured in Fig. 6. Built around the 

ATmega328P microcontroller chip, it offers versatile control 

over a wide variety of channels. The board comes equipped 

with 14 digital I/O pins and six analog input pins, all 

operating on a 5V power supply. 

 

Fig. 6. Arduino Uno 

The ADXL335 accelerometer, highlighted in Fig. 7, is 

specifically engineered to measure acceleration in three 

dimensions X, Y, and Z. The sensor is not only compatible 

with the Arduino Uno but also exhibits high accuracy with 

sensitivity ranges spanning from 270 to 330mV/g. It has the 

ability to accurately measure and represent acceleration 

within a range of ±3g. 

 

Fig. 7. ADXL335 

Featured in Fig. 8, the DC12V vibration motor is central 

to the device's functioning. Its key specifications include a 

high operational speed of 4150 revolutions per minute and a 

load current of 0.1A, making it highly efficient in generating 

tactile feedback.  

 

Fig. 8. Vibration DC motor 

The L298N motor driver is seen in Fig. 9 and is designed 

to control two motors independently. It accepts an input 

voltage that can range from 7V to 35V and can drive motors 

that require a current of up to 2A.   

 

Fig. 9. DC motor driver 

Lastly, the variable resistor is depicted in Fig. 10. It plays 

a crucial role by allowing users to manually adjust the 

vibration force. This level of customization is crucial for 

tailoring the device's operation to meet individual user needs. 

 
Fig. 10. Variable resistor 

III. NORMALIZATION OF ACCELEROMETER 

The design of the accelerometer normalization in this 

study aims to estimate the resulting vector of the 

accelerometer caused by vibration, which can be utilized to 

control the PID controller system. Since the direct use of 

accelerometer signal values to control the vibration function 

is not efficient, normalization of the accelerometer signals is 

necessary. This allows for more effective control of the 

vibration function and can lead to improved performance of 

the system. 

The program flowchart design for normalization is 

displayed in Fig. 11. The design starts by receiving signal 

values from the accelerometer, specifically from the X, Y, 

and Z axes, which are represented by equations (1), (2), and 

(3). The received signal values are then converted into vector 

results, as shown in the last equation (16). Afterward, the 

resultant vector of g is calculated using an average filter, as 

seen in equation (17). This process is crucial for accurately 

estimating the resulting vector of the accelerometer, which is 

used to effectively control the vibration function in the PID 

controller system. 

 

Fig. 11. Program flowchart of normalization 

The ADXL335 sensor receives an analog signal from the 

accelerometer, which provides the signal value for the 𝑋, 𝑌, 

and 𝑍 axes. These values can be represented mathematically 

as equations (1), (2), and (3). 

𝑎𝑥(𝑘) =  𝑖𝑛𝑝𝑢𝑡 𝑎𝑛𝑎𝑙𝑜𝑔 𝑥(𝑘) (1) 
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𝑎𝑦(𝑘) =  𝑖𝑛𝑝𝑢𝑡 𝑎𝑛𝑎𝑙𝑜𝑔 𝑦(𝑘) (2) 

𝑎𝑧(𝑘) =  𝑖𝑛𝑝𝑢𝑡 𝑎𝑛𝑎𝑙𝑜𝑔 𝑧(𝑘) (3) 

After receiving the analog signals from the ADXL335 

sensor in the 𝑥, 𝑦, and 𝑧 axes, the program determines the 

maximum and minimum values of the readings and stores 

them within a range of 𝑁𝑖, which is set to 10 in this study. 

This process is demonstrated by equations (4), (6), and (8), 

which represent the maximum values on the 𝑥, 𝑦, and 𝑧-axes, 

and equations (5), (7), and (9), which represent the minimum 

values on the 𝑥, 𝑦, and 𝑧-axes. The variable k represents the 

time interval at the present moment. 

𝑦𝑥_𝑚𝑎𝑥(𝑘) =  max
(𝑘−𝑁𝑖)→𝑘

[𝑎𝑥(𝑘 − 𝑁𝑖) ⋯ 𝑎𝑥(𝑘)] (4) 

𝑦𝑥_𝑚𝑖𝑛(𝑘) =  min
(𝑘−𝑁𝑖)→𝑘

[𝑎𝑥(𝑘 − 𝑁𝑖) ⋯ 𝑎𝑥(𝑘)] (5) 

𝑦𝑦_𝑚𝑎𝑥(𝑘) =  max
(𝑘−𝑁𝑖)→𝑘

[𝑎𝑦(𝑘 − 𝑁𝑖) ⋯ 𝑎𝑦(𝑘)] (6) 

𝑦𝑦_𝑚𝑖𝑛(𝑘) =  min
(𝑘−𝑁𝑖)→𝑘

[𝑎𝑦(𝑘 − 𝑁𝑖) ⋯ 𝑎𝑦(𝑘)] (7) 

𝑦𝑧_𝑚𝑎𝑥(𝑘) =  max
(𝑘−𝑁𝑖)→𝑘

[𝑎𝑧(𝑘 − 𝑁𝑖) ⋯ 𝑎𝑧(𝑘)] (8) 

𝑦𝑧_𝑚𝑖𝑛(𝑘) =  min
(𝑘−𝑁𝑖)→𝑘

[𝑎𝑧(𝑘 − 𝑁𝑖) ⋯ 𝑎𝑧(𝑘)] (9) 

The process of determining the offset value of the 

ADXL335 sensor typically involves setting it to a value of 

1.65V and then converting the signal back to an analog signal. 

However, if this value is used, it will not be possible to 

control the vibration function effectively as the vibration 

device of grip angle can affect the measurement. 

This study involved designing the offset value of the 

ADXL335 sensor in order to account for the varying angles 

and coordinates at which the vibration device may be caught 

or shaken. This was achieved through the use of equations 

(10), (11), and (12), which were used to determine the offset 

values for the 𝑥, 𝑦, and 𝑧 axes, respectively. 

𝑧𝑒𝑟𝑜𝑔𝑥
= (

𝑦𝑥_𝑚𝑎𝑥(𝑘) + 𝑦𝑥_𝑚𝑖𝑛(𝑘)

2
) (10) 

𝑧𝑒𝑟𝑜𝑔𝑦
= (

𝑦𝑦_𝑚𝑎𝑥(𝑘) + 𝑦𝑦_𝑚𝑖𝑛(𝑘)

2
) (11) 

𝑧𝑒𝑟𝑜𝑔𝑧
= (

𝑦𝑧_𝑚𝑎𝑥(𝑘) + 𝑦𝑧_𝑚𝑖𝑛(𝑘)

2
) (12) 

Once the offset value of the ADXL335 sensor has been 
determined, the gravitational values (g) in the 𝑥, 𝑦, and 𝑧 axes 
can be calculated using equations (13), (14), and (15), 
respectively. The scale_factor used in the equations is the 
sensitivity factor at 𝑢𝑋, 𝑢𝑌, 𝑢𝑍, which has been set to 112.33. 

𝑢𝑋(𝑘) =
𝑎𝑥(𝑘) − 𝑧𝑒𝑟𝑜𝑔𝑥

𝑠𝑐𝑎𝑙𝑒_𝑓𝑎𝑐𝑡𝑜𝑟
 (13) 

𝑢𝑌(𝑘) =
𝑎𝑦(𝑘) − 𝑧𝑒𝑟𝑜𝑔𝑦

𝑠𝑐𝑎𝑙𝑒_𝑓𝑎𝑐𝑡𝑜𝑟
 (14) 

𝑢𝑍(𝑘) =
𝑎𝑧(𝑘) − 𝑧𝑒𝑟𝑜𝑔𝑧

𝑠𝑐𝑎𝑙𝑒_𝑓𝑎𝑐𝑡𝑜𝑟
 (15) 

The resultant vector of gravitational values, known as 𝑔𝑠𝑢𝑚, 

is a measure of the total gravitational force acting on the 

system. It is calculated using equation (16). 

𝑔𝑠𝑢𝑚(𝑘) =   √𝑢𝑋(𝑘)2 + 𝑢𝑌(𝑘)2 + 𝑢𝑍(𝑘)2 (16) 

To determine the resultant vector of gravitational values 

(𝑔) using an average filter, a moving average or average filter 

method is applied. This statistical method analyzes data by 

creating a series of averages from different subsets of the full 

dataset. The average filter method helps to identify trends and 

patterns in the data while smoothing fluctuations or noise. 

This method is often used in time series analysis to help 

identify trends and make predictions about data points. In this 

research, the resultant vector of g is calculated using an 

average filter, which is represented by equation (17). 

𝑔𝑎𝑣𝑔(𝑘) =   
1

𝑁𝑦

∑ 𝑔𝑠𝑢𝑚

𝑘

𝑘−𝑁𝑦

 (17) 

Equation (17) represents the moving average filter used 

to calculate the average of a specified number of data points 

at each step time. The output of the filter, denoted by 𝑔𝑎𝑣𝑔, is 

calculated from the input gravitational data, denoted by 𝑔𝑠𝑢𝑚, 

with 𝑁𝑦 representing the number of data points used to 

calculate the average and k representing the step time. In this 

study, the input data consisted of 20 data points with a 

sampling time of 10 ms.   

IV. PID CONTROLLER DESIGN 

This study focuses on the design of a PID control system 

for a pulmonary vibration device using a vibration DC motor. 

The output value of the system is represented by 𝑔𝑎𝑣𝑔 or 

𝑦(𝑘), while the vibration error is represented by 𝑒(𝑘), which 

can be calculated using equation (18). 

𝑒(𝑘) = 𝑦𝑑(𝑘) − 𝑦(𝑘) (18) 

The control law of PID generating the feedforward control 

signal is given by (19). 

𝑢𝑗(𝑘) = 𝐾𝑝𝑒𝑗(𝑘) + 𝐾𝑖𝑇𝑠 ∑ 𝑒𝑗(𝑣)

𝑘

𝑣=0

+
𝐾𝑑𝑁

1 + 𝑁𝑇𝑠

(
𝑒𝑗(𝑘) − 𝑒𝑗(𝑘 − 1)

𝑇𝑠

) 

 (19) 

In control systems, a PID controller is a feedback control 

mechanism used to maintain a process variable at a desired 

setpoint. The controller is made up of three parameters: 

proportional gain (𝐾𝑝), integral gain (𝐾𝑖), and derivative gain 

(𝐾𝑑), which are used to calculate the control signal 𝑢𝑗 that is 

applied to the system. A derivative filter parameter 𝑁 is also 

included to reduce noise amplification in the system, and in 

this research, 𝑁 has been assigned a value of 100. The 

sampling time 𝑇𝑠 is the duration between successive 

calculations of the control signal, and for this study, the value 

of 𝑇𝑠 is 0.01 seconds. The PID controller's fundamental 

structure is demonstrated in Fig. 12, where the error signal 

𝑒𝑗(𝑘) is the difference between the desired setpoint and the 

process variable. The controller output is obtained by 

summing the contributions from the proportional, integral, 

and derivative control actions. 
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Fig. 12. Block diagram of the PID controller 

The vibration device system is managed by a PID 

controller that is initially tuned using the Ziegler-Nichols 

method, followed by manual tuning to further optimize the 

system's performance. Table I shows the gain values of the 

PID system for each axis, which are used for controlling the 

vibration device system. 

TABLE I.  PID GAIN VALUES OF JOINT R 

Joint 𝑲𝐩 𝑲𝐢 𝑲𝐝 

P controller 165 - - 

PI controller 125 35 - 

PD controller 130 - 25 

PID controller 120 30 15 

 

The signal value, 𝑦𝑑, depicted in Fig. 12, is obtained from 

the variable resistor. In this study, the value of 𝑦𝑑  can be 

determined using equation (20), where the value of 𝑔𝑚𝑎𝑥  is 

set to 1.2. 

𝑦𝑑(𝑘) =
𝑖𝑛𝑝𝑢𝑡 𝑎𝑛𝑎𝑙𝑜𝑔 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟(𝑘)  × 𝑔𝑚𝑎𝑥

1023
 (20) 

Based on the results shown in Fig. 12, the |𝑁| value in the 

control box is obtained after the control input signal of the 

PID system. The purpose of normalization is to ensure that 

the control input value is within the range of 0 to 255, which 

is necessary for PID control of the system. The normalization 

is carried out according to equation (21), which imposes 

certain conditions on the control input value. 

ℎ𝑗(𝑘) =   {

𝑢𝑗(𝑘) > 255 , 𝑢𝑗(𝑘) = 255  

𝑢𝑗(𝑘) < 255 , 𝑢𝑗(𝑘) =  𝑢𝑗(𝑘)

𝑢𝑗(𝑘) < 0 , 𝑢𝑗(𝑘) =  0

 (21) 

V. EXPERIMENTAL RESULT 

This section presents four sets of experimental results. 

Firstly, the vibrating head system undergoes testing to 

ascertain its frequency within the range of 0 to 20 Hz. 

Secondly, an analysis of the efficiency of the PID controller, 

along with the design of P, PI, PD, and PID controllers, is 

conducted to determine which controller exhibits the highest 

level of system control efficiency. The third part involves an 

evaluation of actual trials involving pediatric patients, 

comparing the results to conventional treatment methods 

where manual massage is used to dissolve mucus in the lungs. 

Lastly, it involves summarizing the overall experimental 

findings and their interconnections. The detailed outcomes of 

these experiments are provided as follows.  

A. First Result 

In the first set of results, a PID controller was used to 

vibrate continuously for 30 seconds, followed by measuring 

the signal frequency using the pseudospectrum method. The 

main goal was to evaluate the performance of the vibration 

device and determine if the signal being tested was within the 

range of 0-20 Hz. The results indicated that the vibration 

device had a frequency range lower than 1 with very high 

power/frequency. Additionally, a range of 4 Hz and 10 Hz 

had a medium power/frequency, while higher ranges had a 

lower power/frequency. Based on these findings, it can be 

concluded that the vibration device can potentially be 

effective in dissolving phlegm in the lungs. The result is 

shown in Fig. 13. 

 

Fig. 13. Pseudospectrum of accelerometer profile 

B. Second Result 

The results of four different control systems, P, PI, PD, 

and PID, were obtained and presented in Fig. 14, Fig. 15, Fig. 

16, and Fig. 17. The first graph in Figure shows the 

acceleration values in the x, y, and z axes. The second graph 

in figure shows the system control results using the 𝑔𝑎𝑣𝑔 

signal as the output of the vibration device system. This graph 

includes the original value of 𝑔𝑠𝑢𝑚 to demonstrate the 

importance of the filter system. The third graph in figure 

shows the %duty cycle values of PWM delivered to the motor 

drive board for each of the control systems. 

 

Fig. 14. The results of P controller 
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Fig. 15. The results of PI controller 

 

Fig. 16. The results of PD controller 

During system testing, 𝑦𝑑  was set at 0.8. The results 

indicated that the PID control system had the best 

performance, despite having a %OS value of 12% or a 

fluctuation of ±0.1 g when reaching a stable point. The PI 

control system had the second best efficiency with a %OS 

value of 25% or a fluctuation of ±0.2 g when reaching a stable 

point. 

The PD control system had the third best efficiency with 

a %OS value of 12% or a fluctuation of ±0.1 g, but an offset 

value of 0.6, which was lower than the 𝑦𝑑  value to be 

controlled when reaching a stable point. The P control system 

had the fourth best efficiency with a %OS value of 25% or a 

fluctuation of ±0.2 g, but with an offset value of 0.6, which 

was lower than the 𝑦𝑑  value to be controlled when reaching a 

stable point. In general, the vibration device system requires 

an I term for processing to reach the setpoint and a D term for 

reducing the %OS within the system. This theory makes the 

PID system suitable for controlling the vibration device 

system. In the dataset of the resultant vector of acceleration 

values, a comparison will be made between the data obtained 

with the use of an average filter and the data obtained without 

it. The utilization of the average filter is essential in this 

control system as it aids in the precise control of the non-

invasive pulmonary vibration device's vibrations, as 

demonstrated in Fig. 14 to Fig. 17. 

 

Fig. 17. The results of PID controller 

C. Third Result 

The third finding from healthcare research [84], [85] was 

based on the analysis of IRB documents (COA: 009/2021 and 

Protocol No: EC 20107-19) that were obtained to conduct the 

study. The details of the information obtained are as follows: 

The data collection process in this research involved two 

main parts. The first part was related to the research tools 

used, which included the following: 

Pulmonary vibration devices: This is an electrical device 

that helps remove phlegm from the upper respiratory tract 

through vibration with a frequency of 0-22 Hz. The voltage 

can be adjusted using a microcontroller to suit the patient's 

body weight. This device has been tested for safety and 

effectiveness in the laboratory by the Center for Biomedical 
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Engineering Innovation and Service at Rangsit University. It 

also has medical device certification according to the IEC 

60601-1 series. 

Pediatric pulse oximeter, this external device measures 

the level of oxygen saturation in the arteries (SpO2) at the 

fingertips, back of the hand, or instep. It has been checked by 

the manufacturer and staff with expertise in medical 

equipment from the College of Biomedical Sciences at 

Rangsit University. 

Stethoscope, this tool is used to listen to breathing sounds 

before and after sputum drainage. Sterile sputum trap, this 

tool is used to assess the amount of sputum obtained after 

phlegm drainage and suction in pediatric pneumonia patients. 

The sputum was recorded in milliliters. 

The second part of the data collection process involved an 

evaluation form to assess the effectiveness of sputum 

drainage. The form was developed from a review of relevant 

literature [12], [15], [77]-[79] and consisted of two main 

sections. 

First, personal information of the pediatric patient: This 

included 9 items, such as age, gender, date of birth, date of 

admission to the hospital, diagnosis, signs and symptoms of 

pneumonia, first vital signs, past medical conditions or 

illnesses, and number of pneumococcal illnesses. 

Second, efficacy evaluation forms for sputum drainage: 

This form consists of two parts. The first part was a clinical 

symptoms assessment form that was used to evaluate the 

clinical symptoms of pediatric patients with pneumonia 

before and after sputum suction, including respiratory rate, 

pulse rate, arterial oxygen saturation (SpO2) at the fingertips, 

and abnormal breathing sound locations. The second part was 

used to record the amount and nature of sputum obtained 

during the drainage process. 

The quality of the research tools used in this study was 

assessed through a process of content validation. The tools 

used to collect data were brought to a panel of 5 experts, 

including 1 pediatrician specializing in pediatric critical care, 

2 pediatric nurses specializing in respiratory and pediatric 

critical care, and 2 pediatric nurses and a physiotherapist with 

experience in caring for pediatric respiratory diseases and 

critically ill children. These experts examined the content of 

the tools to ensure their validity. 

The content validity index (CVI) for the drainage efficacy 

questionnaire was 0.98, indicating a high level of content 

validity. Additionally, the human Cronbach's alpha 

coefficient was 0.87, indicating a high level of internal 

consistency. These results suggest that the research tools used 

in this study were of high quality and could be relied upon to 

collect accurate and reliable data. To collect information from 

hospitals and patients, the following process was followed: 

First, a request for permission was sent to the hospital 

director, ward doctor, and head of the pediatric ward to 

introduce the researcher and clarify the purpose of the 

research, research process, and protection of the rights of the 

sample. 

Research tools were prepared, and researchers and data 

collection assistants, including professional nurses and 

physical therapists with at least 2 years of experience in 

caring for pediatric patients with respiratory diseases, were 

trained on the objectives of the research and how to use the 

data collection tools. The intraconsistent confidence measure 

between the researcher and the research assistant, who is a 

registered nurse in the pediatric ward and has experience in 

caring for patients with pneumonia for more than 5 years 

(inter-rater reliability: IRR), was found to be 0.92. 

Data collection in the control group was managed by 

assessing the clinical symptoms according to the efficacy 

evaluation form, providing basic information before 

conducting the research, and ensuring the safety of the 

sample. Sputum was drained using normal chest physical 

therapy, tapping and vibrating the lungs with the hands for 10 

minutes before the meal to prevent suffocation. After 

suctioning, the amount of sputum was recorded, and the 

effectiveness of sputum drainage was evaluated after 2 

minutes and 5 minutes of suctioning. Data were collected 

individually until 25 patients were completed, following 

which data collection was started in the experimental group. 

Data collection in the experimental group. The researcher 

and the research assistant first evaluated the clinical 

symptoms using an efficacy assessment form for sputum 

drainage, and provided basic information on the research and 

safety precautions to the patients. Next, they used a 

pulmonary vibration device (as shown in Fig. 2) to perform 

sputum drainage. The device's acceleration values were 

adjusted based on the patient's weight, using values of 50-

65% for patients weighing less than 10 kg (as shown in Fig. 

18), and 65-85% for patients weighing more than 10 kg (as 

shown in Fig. 19). The device was used in intermittent mode 

for 10 minutes before the meal to prevent suffocation. After 

this, suction was performed and the amount of sputum was 

recorded. The effectiveness of sputum drainage was then 

evaluated after 2 and 5 minutes of suction, respectively. Data 

were collected for 25 cases individually, while ensuring that 

the rights of patients were protected, and their parents had 

provided written consent for the procedure. 

The research findings in the healthcare field can be 

divided into two parts. The first part pertains to the individual 

characteristics of the participants. The control group included 

25 individuals aged between 1 to 5 years and 11 months, with 

an average age of 2.25 years (SD=1.43). Among these 

individuals, 60% were males and 40% were females. The 

majority of them had interstitial pneumonia, out of which 

44% had no co-morbidity, 88% had no underlying disease, 

and 96% had never been treated for pneumonia. In the past 

year, 80% of the individuals experienced inflammation. The 

experimental group, on the other hand, consisted of 25 

participants aged between 1 to 3 years and 11 months, with 

an average age of 2.14 years (SD=1.13). Among these 

individuals, 56% were females and 44% were males. Out of 

these, 40% had interstitial pneumonia, 72% had no 

underlying disease, and 100% had not received any treatment 

for pneumonia in the previous year. Moreover, 48% of these 

individuals experienced inflammation. 
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The second part of the research findings pertains to the 

efficacy of expectorant drainage between the control group 

and the experimental group. After 2 minutes of sputum 

drainage, no significant differences were observed in various 

aspects, including respiratory rate, pulse rate, the level of 

oxygen saturation in the arteries of the fingertips, breathing 

sounds, and position. Similarly, after 5 minutes of sputum 

drainage, no significant differences were observed in 

breathing rate, pulse rate, the level of oxygen saturation in the 

arteries of the fingertips, and abnormal breathing sounds. No 

difference was found in these aspects (p=0.302). 

 

Fig. 18. Patients weighing less than 10 kg 

 

Fig. 19. Patients weighing more than 10 kg 

After conducting a study on the effectiveness of chest 

physiotherapy in pediatric patients with pneumonia, it was 

found that the use of a pulmonary vibration device can 

promote sputum drainage similar to normal chest 

physiotherapy [15]. The study showed that there was no 

difference in the effectiveness of sputum drainage between 

the control group and the experimental group, but there were 

differences in various aspects such as respiration rate, pulse 

rate, oxygen saturation level, and abnormal breathing sound 

position [15]. 

It was observed that chest physiotherapy using a 

pulmonary vibration device and normal chest physiotherapy 

using hand tapping and vibration can cause vibration in the 

chest wall, which increases the pressure in the pleural space 

and increases the exhalation flow rate, resulting in easy 

elimination of packed sputum from the trachea [77], [80]. 

However, regular chest physiotherapy may cause unstable 

vibrations and fatigue and may not be performed 

continuously for the required 10-20 minutes [12], [15], [77]. 

On the other hand, the use of a pulmonary vibration device 

has a preset vibration frequency and acceleration value 

determined according to the patient's body weight, and there 

is a periodic vibration (intermittent mode) to prevent 

complications from continuous vibration [15]. 

The study also found that the use of a pulmonary vibration 

device is easy to use, convenient, and can be used by parents 

of pediatric pneumonia patients to care for them on the bed, 

thus reducing the fear of the procedure [15]. Additionally, the 

device can prevent the occurrence of airway obstruction, 

reduce respiratory resistance, improve the breathing process, 

and gas exchange of the patient, which ultimately results in a 

decrease in the patient's breathing rate [12], [80], [83]. 

Therefore, the use of a pulmonary vibration device can 

increase the efficiency of better phlegm drainage in pediatric 

pneumonia patients, making it a potential application for their 

care [15]. However, further studies are required to evaluate 

the satisfaction and complications associated with the use of 

the device [15]. 

D. Overall Results 

The comprehensive findings of this study can be 

summarized. In experimental result 1, the initial experiment 

focused on evaluating the vibration device's frequency range 

using a PID controller. The outcomes revealed that the device 

operated within a frequency range below 20 Hz, 

demonstrating significant power/frequency characteristics. 

This suggests its potential effectiveness in addressing 

pulmonary congestion. 

In experimental result 2, the second phase of 

experimentation aimed to assess the efficiency of various 

control systems (P, PI, PD, and PID) in managing the non-

invasive pulmonary vibration device. The findings 

prominently favored the PID control system, as it exhibited 

the highest level of efficiency, making it the most suitable 

choice for device control. 

In experimental result 3, the study transitioned to practical 

applications in pediatric patients. The results underscored 

that the non-invasive pulmonary vibration device, 

meticulously designed and tested based on established 

principles, could be effectively employed in real-world 

scenarios. This device boasts user friendliness, convenience, 

and the ability to minimize patient discomfort, rendering it a 

asset for pediatric care. 

In summary, this research underscores the potential of the 

non-invasive pulmonary vibration device in assisting 

pediatric patients, particularly those grappling with 

pulmonary ailments. The device's performance, combined 

with the efficiency of the PID control system, hints at its 

feasibility as an alternative to traditional treatment 

approaches. Subsequent investigations should delve into 

patient satisfaction and potential complications associated 

with its implementation. 

VI. CONCLUSION 

In conclusion, this study has presented the design and 

development of a pulmonary vibration device aimed at 

facilitating secretion drainage in pediatric patients with 
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pneumonia. The utilization of an Arduino Uno board to 

control the vibration motor via accelerometer data has 

resulted in a promising solution for enhancing chest 

physiotherapy in the healthcare domain. The choice of the 

PID control system, guided by the Ziegler Nichols tuning 

technique, has been identified as the most suitable design for 

effectively controlling the device. This strategic decision 

underscores the potential for future research avenues, 

including investigations into PID controller gain adjustments 

and the exploration of alternative control strategies. While 

our comparative analysis with traditional hand tapping did 

not reveal significant differences, the pulmonary vibration 

device's potential in aiding sputum drainage and chest 

physiotherapy for pediatric pneumonia patients remains 

evident. Furthermore, its applicability could extend beyond 

this specific patient group, benefiting diverse populations, 

including elderly individuals requiring similar treatments. 

This study underscores the evolving landscape of healthcare, 

where technology plays a pivotal role in advancing patient 

care. The horizon for further research in this interdisciplinary 

field is expansive, encompassing the refinement of control 

mechanisms and the exploration of broader applications. By 

merging technology and healthcare, this study illuminates a 

promising path for future investigations into healthcare 

innovation. 
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