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Abstract—One important aspect in industrial manufacturing 
processes is the maintenance of machines' conditions. Therefore, 
monitoring the machine healthiness conditions is a crucial 
action. The drawback of conventional monitoring method is 
inefficiencies of the method due to the need to visit every single 
machine. One parameter for monitoring the machine’s 
healthiness is vibration for the machines that have the motor 
components. This paper proposes a real-time monitoring system 
for such vibration monitoring. The proposed system is based on 
wireless sensor network (WSN). The nodes’ prototype of 
proposed WSN was built and consisted of three nodes i.e. two 
sensor nodes and one sink node. The main component of the 
proposed system is Arduino uno which is not expensive 
relatively. In order to monitor the vibration parameter, the used 
sensor is the ADXL345 accelerometer sensor. The system design 
and testing have been carried out. The testing has been done for 
two aspects; the evaluation of communication performances and 
the machine vibration field measurements. The parameter for 
the testing of communication aspect is the data throughput that 
has been collected for the network performance evaluation. For 
the testing in real situations, the coffee grinder machine was 
chosen to be applied for the vibration monitoring system using 
one sensor and one sink nodes. From the testing results, the 
system achieved 546 bps of best throughput and was able to 
measure on the conditions of various supply powers to the 
machine. It implies the feasibility of the system in monitoring the 
vibration of the machine.  

Keywords—Monitoring system, wireless sensor node 
prototype, accelerometer sensor, industrial machine vibration, 
field testing 

I. INTRODUCTION 

Maintenance of a machine and monitoring the health of 
machinery used in industrial processes are a necessary aspect 
to guarantee the continuity of a manufacturing industry. It is 
specially for the machine that results in vibration in its 
operation. The vibration is resulted in from the machine that 
has motor components. Hence, the monitoring of vibration for 

a machine is important action in manufacturing industry, by so 
the necessary actions can be taken as early as possible when 
the obsolete event of industry processes presents. 

One conventional way to monitor the healthiness of 
machine is visiting every single machine by using a portable 
measurement tool. This conventional vibration monitoring has 
some drawbacks that are inefficiency of machine checking 
actions in the monitoring tasks, i.e. the technician needs to 
visit in place where the machine is located, the motor 
component of the machine is normally located at hard-to-reach 
side of the machine, and the measurement tools are relatively 
expensive, and there will be a delay for the user to get the 
measured data due to un-connected measurement device to the 
network. Therefore, it is necessary to build a real-time 
monitoring system of the machine in manufacturing industry. 

The drawbacks of that conventional monitoring method 
can be resolved by using wireless sensor network (WSN). 
WSN is a self-organized wireless network and consists of 
sensor nodes to sense the physical phenomenon and a sink 
node as a data collector from the sensor nodes [1]. The sensed 
data by sensor nodes is sent to a sink node in which a data 
center can be connected to this sink node for further data 
processing and interpretation. A user can access the collected 
data from this data center without a global connection creating 
a local network. In order to have the collected data from the 
sensor nodes can be sent dan accessed from the distance user, 
the sink node can be equipped with a gateway that connects to 
the global network or internet in which the wireless sensor 
network can be seen as the Internet of Things (IoT). Fig. 1 
describes the components of wireless sensor network and its 
connection to the internet. 

WSN is known as a promising technology to build the 
fundamental of IoT. It has wide range of applications, for 
healthcare, smart home, smart farming, etc [1]. Many 
researches in WSN were conducted through simulation 
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experiments such as in [2-4] just few to mention and  
implementation or field experiments [5-7] among others. In 
line with the machine vibration monitoring, WSN offers its 
flexibility and the feature of real-time data monitoring. In [8], 
a balanced network topology control method based on the 
fuzzy analytic hierarchy process (FAHP) was proposed in 
WSN for machine vibration monitoring. Simulation 
experiments were conducted and their results ensure the 
improvements in terms of link quality, data throughput, and 
power consumption. In [9], a case study using WSN for 
monitoring vibration on an operational water pumping station 
in a metropolitan city was studied. The field experimental was 
carried out and the presented data has identified a potential 
problem for the vibration with the ball-bearing of a particular 
motor in use. However, none of the aforementioned literatures 
has the goal to achieve the low-cost sensor nodes.  

This paper proposes the use of low-cost monitoring system 
based on WSN using an accelerometer sensor for the machine 
vibration monitoring. The prototype of wireless sensor nodes 
was built and examined in the real situation that was 
implemented on the traditional coffee grinding machine. The 
prototyping of wireless sensor nodes is purposed to achieve 
the low-cost wireless sensor nodes. The low-cost nodes can be 
achieved by using an Arduino Uno-based microcontroller 
which is relatively cheap available on the market which is 
different to most of wireless sensor nodes implementation for 
machine vibration monitoring.  

This paper is organized as follow. Following this 
introduction section, the designed system description is 
detailed in Section 2. Section 3 discusses the implementation 
of the system and measurements. Section 4 presents the results 
and its discussions. Section 5 concludes the paper and 
discusses possible future works.  

II. SYSTEM DESCRIPTION 

A. System Design and Components 

In this paper, it is designed an WSN prototype that consists 
of two sensor nodes and one sink/coordinator node. The block 
diagrams of sink node and ssensor node architectures are 
shown in Fig. 2 and Fig. 3, respectively. The used main 

microcontroller is Arduino uno which is based on Atmel AVR 
microprocessor for both of sensor and sink nodes. Arduino 
uno is based on ATMega 328 microcontroller with voltage 
operating of 5 V. It has a flash memory of 32 KB, SRAM of 2 
KB, and EEPROM of 1 KB [10]. The microprocessor is 
connected with the transceiver module of nRF24L01. The 
working frequency of transceiver module of nRF24L01 is 2.4 
GHz, support the connections up to 8 transmit/receive 
(Tx/RX), the maximum of 32-byte payload, bidirectional 
communication, and up to 1.1 km of transmission distance 
[11]. Since the sink node is collecting the information data sent 
by the sensor nodes, thus it does not have the sensor module. 
The main microcontroller of sink node is connected to the 
personal computer to process and display the vibration 
measurement results. The personal computer is installed the 
MATLAB software for processing and displaying the data 
collected from sensor nodes. The personal computer also 
supplies the energy power to the main microcontroller of sink 
node through USB interface. 

The sensor node architecture in Fig. 3 depicts similar 
components as the sink node i.e. sensor node has Arduino uno 
main board, the nRF24L01 transceiver module, and an 
antenna, except the power supply of sensor node is feed by 9 
volt (9 V) battery and it has the accelerometer sensor module. 
The accelerometer sensor module that has been chosen is the 
accelerometer sensor of ADXL345. It is because of the 
ADXL345 accelerometer sensor is low cost and ADXL345 
sensor works on the temperature range of -400C – 850C [12] 
which is quite wide range for the working temperature range.   

B. The Design of Network Scenarios 

For the purpose of monitoring of machine vibration, it is 
necessary to design the network architecture that can achieve 
the goal. There are certainly some possible network 
architectures. In this paper, we design a simple network 

 
Fig. 2. The architecture of sink node.  

Arduino 
Uno/Atmel AVR 
Microprocessor

Memory

Personal 
Computer

Transceiver 
NRF24L01

Antenna

 
Fig. 3. The architecture of sensor node.  
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Fig. 1. The architecture of wireless sensor network.  
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architecture for the machine vibration monitoring. The 
network architecture consists of two sensor node and one sink 
node. The sensor nodes capture the vibration of the targeted 
machine and sends the measured vibration to the sink node. 
The sink node receives and collects the vibration data from the 
sensor node. The sink node is connected to a personal 
computer; in our case it is a laptop. The laptop has a MATLAB 
software on it to display the vibration measurement results 
which is displayed graphically. The sensor node is located 
under neat of the machine which closes to the motor 
component of the machine. We choose to use a conventional 
coffee grinder machine that is used in a home industry in 
Tanggamus Regency of Lampung Province of Indonesia. We 
choose this type of machine due to Lampung province is one 
of provinces in Indonesia that produces the coffee as their 
featured products. 

Prior to the actual measurement of machine vibration 
monitoring, we design the network scenario and test it in the 
term of network performance parameters. Most possible 
network scenario in this case is non line of sight (NLOS) 
scenario. NLOS condition is represented as the presence of 
shrubs between sensor nodes and sink node. The distances 
from the sensor nodes to the sink nodes are varied from 10 
meters until the maximum distances (that the network 
parameters can be measured) with 10 meters of distance are 
increased in step. The network parameter that is measured is 
data throughput which is one of Quality of Service (QoS) 
parameters. Fig. 4 shows the network scenario that we design 
and use in the network testing for the vibration measurement.   

III. SYSTEM IMPLEMENTATION AND MEASUREMENTS  

This section discusses the implementation of the 
monitoring system components i.e. the sensor nodes and the 
sink node. Also, the actual measurements of the machine 
vibration are discussed. 

A. System Implementation 

The main component of sensor and sink nodes is Arduino 
uno which is based on Atmel AVR microprocessor that was 
explained in Section 2. The different between sensor node and 
sink node has also been explained in Section 2. Table 1 
summarizes the specifications of sensor and sink nodes’ 
components. Fig. 5 shows the prototype of implemented 
sensor and sink nodes. 

 

TABLE I.  THE SPECIFICATION OF SENSOR AND SINK NODES’ 
COMPONENTS 

No. Components Specification 
1. Arduino Uno: 

 

Microcontroller ATMega 328 
Operating voltage 5V 
Input voltage 
(recommended) 

7 – 12 V 

Input voltage (limits) 6 – 20 V 
Digital I/O pins 14 (6 provide PWM output) 
Analog input pins 6 
DC current per I/O pins 40 mV 
DC current for 3.3 V 
pins 

50 mA 

Flash memory 
32 KB (0.5 KB used by 

bootloader) 
SRAM 2 KB 
EEPROM 1 KB 
Clock Speed 16 MHz 

2. nRF24L01 Communication module: 

 

Frequency 2.4 GHz 
On air data rate 250 kbps, 1 Mbps, 2 Mbps 
Output  Tx 11.3 mA, Rx 13.5 mA 
Supplied Power 1.9 V – 3.6 V 
Protocol Enhanced ShockBurst 

3. Accelerometer Sensor Module ADXL345: 

 

Supply voltage 3.3 – 3.6 V 
Supply current 400 μA 
Temperature range -400C – 850C 
Bandwidth response XY 400 Hz 
Bandwidth response Z 300 Hz 

B. System Testing 

Prior to the actual measurement of machine vibration, we 
have calibrated the sensors. Then, we have carried out the 
testing on the network performance of QoS as explained in the 
Section 2. Finally, we have carried out the actual measurement 
of machine vibration using one sensor node and one sink node. 
The network scenario for the actual vibration testing is 
illustrated in Fig. 6.  The sensor node is located under neath of 
coffee grinding machine close to the motor component of the 

 
Fig. 4. The network architecture for the network performance evaluation.  

 
Fig. 5. The prototype of sensor and sink nodes.  
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machine. The distance between sensor node and sink node was 
set to 5 meters.  

IV. RESULTS AND DISCUSSION 

This section presents the testing and measurement results 
that have been carried out. Fig. 7 shows the data throughput 
performance of the network scenario shown in Fig. 4. In the 
scenario, the sensor nodes send the dummy packets with 0.5 
seconds interval for each distance between sensor and sink 
nodes. In the sink node, we calculate the throughput using Eq. 
1 and the results are plotted in Fig. 7. As we can see in Fig. 7, 
the throughput decreases as the distance between sensor nodes 
and sink node increases. The best throughput performance is 
achieved for the distance between 10 meters and 60 meters in 
which the throughput has achieved 546 bps. And then the 
throughput decreases as the distance between sensor and sink 
nodes increase until the throughput achieves 0 bps at the 
distance of 130 meters, it is due the obstacle between the 
sensor and sink nodes. In other words, it can be said that at 
certain distance the throughput decreases due to the obstacles 
between sensor and sink nodes and the maximum transmission 
range of sensor node has been achieved.  ݁݃ܽݎ݁ݒܣ	ݐݑ݌݄݃ݑ݋ݎ݄ܶ ൌ ்௢௧௔௟	ௌ௨௖௖௘௦௦	௉௔௖௞௘௧௦	ோ௘௖௘௜௩௘ௗ்௢௧௔௟	௧௜௠௘	௦௘௡ௗ௜௡௚	௧௛௘	௣௔௖௞௘௧௦        (1) 

For the actual machine vibration measurements, we have 
carried out in four conditions of the coffee grinder machine. 
The conditions are based on the supply power to the machine 
that results in the motor rotation of the machine. The supply 
powers to the machine that have been used are 5%, 35%, 70%, 
and 100% of supply powers. Each measurement has been 
carried out for the duration of one minute with the sampling 

period of 30 times every one second. For the frequency 
domain transformation, it used 2048 samples. The collected 
data of machine vibration is shown in Fig. 8 (a) in time domain 
and Fig. 8 (b) in frequency domain for 5% of supply power. 
Other percentages of supply power to the machine are not 
presented in this paper. However, for all testing results of all 
supply power percentages were compared and analyzed using 
the whisker statistical analysis and were plotted in Fig. 9. 

In Fig. 8, it is shown that for the percentage of 5% of 
machine’s supply power, the maximum amplitude achieved 30 
m/s2 (Fig. 8 (a)) and it was achieved on 9.25 Hz (Fig. 8 (b)). It 
means at 5% supply power to the machine; the machine 
produced the vibration at the frequency 9.25 Hz with the 
magnitude of 3 m/s2. From Fig. 9, the vibration measurement 
for 5% of machine supply power achieved the minimum 
acceleration on -21.55 m/s2 and the maximum acceleration on 
20.61 m/s2. As the percentage of machine’s supply power was 
increased, the distribution of measured acceleration increased 
until the supply power percentage was 100%. The measured 
acceleration distribution on the maximum supply power 
(100%) achieved -26.45 m/s2 to 25.72 m/s2. From the 
measured acceleration for the machine, it can be said that the 
built monitoring system based on wireless sensor network was 
capable to be used to monitor the machine vibration. However, 
the network can be expanded with a greater number of sensor 
nodes for monitoring the large scale of industrial machinery 
and other types of industry machines. 

V. CONCLUSION AND FUTURE WORK 

This paper proposes a low-cost monitoring system for the 
purpose of monitoring the machine vibration based on a 
wireless sensor network using an accelerometer sensor. The 
measurement of machine vibration in manufacturing industry 
is an important task that needs to be taken to support the 

 
Fig. 6. The network architecture for the actual machine vibration 
measurement. 

 
Fig. 7. The measurement results of data throughput performance for the 
network scenario shown in Fig. 3.  

 

(a) 

 

(b) 

Fig. 8. The measured machine vibration for 5% of supply power of coffee 
grinder machine: (a) in time domain and (b) in frequency domain.   
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production processes. The prototype of wireless sensor nodes 
has been carried out and the testing has been conducted. The 
low-cost prototype was achieved by using a cheap Arduino 
uno-based microcontroller. The testing on network 
performance aspects and the real acceleration/vibration 
measurement have been conducted on the conventional coffee 
grinder machine that uses a motor component. The vibration 
of the machine is resulted in by the motor component on the 
machine. The testing on the data throughput achieved 546 bps 
on the best conditions of the distance between sensor and sink 
nodes. The testing on the real condition of coffee grinder 
machine was carried on 5%, 35%, 70%, and 100% of 
machine’s supply powers. The distribution of accelerations 
increases as the supply power to the machine is increased. The 
testing and measurement results show that the wireless sensor 
network-based monitoring system was feasible to be used to 
monitor the vibration in small-scale industrial machine. 
However, in order to have monitoring system for the large-
scale manufacturing industry, it is needed to develop more 
complex network scenario with more sensor nodes and 
possibly for other types of manufacturing industries. 

ACKNOWLEDGMENT 

 Authors would like to thanks to the University of 
Lampung, Indonesia for the financial supports for this 
research through the funding of DIPA BLU Unila 2020 for 
the applied research scheme (Penelitian Terapan).  

REFERENCES 
[1] I.F.Akyildiz, W.Su,Y.Sankarasubramaniam, and E.Cayirci, “Wireless 

sensor networks: a survey,” Computer Networks, vol. 38, no. 4, pp. 
393-422, March 2002. 

[2] M. Susanto, Y. Annisa, A. Trisanto, and S. Alam, “Impact of mobile 
sink on grid topology of wireless sensor network,” 2017 International 
Conference on Broadband Comm., Wireless Sensors and Powering 
(BCWSP), 21-23 Nov. 2017, Jakarta, Indonesia. 

[3] D. Yang,Y. Xu, H. Wang, T. Zheng, H. Zhang, H. Zhang, and M. 
Gidlund, “Assignment of Segmented Slots Enabling Reliable Real-
Time Transmission in Industrial Wireless Sensor Networks,” IEEE 
Trans. Industrial Electronics, vol. 62, no. 6, pp. 3966-3977, June 2015. 

[4] M. Z. A. Bhuiyan, J. Wu, G. Wang, Z. Chen, J. Chen, and T. Wang, 
“Quality-Guaranteed Event-Sensitive Data Collection and Monitoring 
in Vibration Sensor Networks,” IEEE Trans. Industrial Informatics, 
vol. 13, no. 2, pp. 572-583, April 2017. 

[5] H. Fitriawan, M. Susanto, A. S. Arifin, D. Mausa, ad A. Trisanto, 
“Zigbee Based Wireless Sensor Networks and Performance Analysis in 
Various Environments,” 15th International Conference on Quality in 
Research (QiR) 2017, 24 – 27 July 2017, Bali, Indonesia. 

[6] A. Karaagac, E. D. Poorter, and J. Hoebeke, “In-Band Network 
Telemetry in Industrial Wireless Sensor Networks,” IEEE Transactions 
on Network and Service Management, vol. 17, no. 1, pp. 517-531, 
March 2020. 

[7] L. L. Bello, A. Lombardo, S. Milardo, G. Patti, and M. Reno, 
“Experimental Assessments and Analysis of an SDN Framework to 
Integrate Mobility Management in Industrial Wireless Sensor 
Networks,” IEEE Trans. Industrial Informatics, vol. 16, no. 8, pp. 5586-
5595, August 2020. 

[8] Y. Huang, B. Tang, L. Deng, and C. Zhao, “Fuzzy Analytic Hierarchy 
Process-Based Balanced Topology Control of Wireless Sensor 
Networks for Machine Vibration Monitoring,” IEEE Sensors Journal, 
vol. 20, no. 15, pp. 8256-8264, August 2020. 

[9] W. Ikram, S. L. Chen, T. Harvei, T. Olsen, E. Mikalsen, G. Svoen, S. 
Froystein, and B. Myhre, “Vibration-based wireless machine condition 
monitoring system,” in Proceedings of the 2014 IEEE Emerging 
Technology and Factory Automation (ETFA), 16-19 Sept. 2014, 
Barcelona, Spain. 

[10] ATmega328P Datasheet, “8-bit AVR Microcontroller with 32K Bytes 
In-System Programmable Flash: Datasheet”, 7810D-AVR-01/15, 
https://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-
Automotive-Microcontrollers-ATmega328P_Datasheet.pdf, [Online 
Available, last access: 15 October 2020]. 

[11] N. Semiconductor, nRF24L01 Single Chip 2.4GHz Transceiver 
Datasheet, September 2008. 

[12] Analog Devices, Digital Accelerometer ADXL345 Datasheet, pp. 1-40, 
2013. 

 

 
Fig. 9. The measured machine vibration plotted using whisker analysis for 
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