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Abstract 

This paper presents a low-cost and smart measurement system to acquire and analyze mechanical motion 

parameters. The measurement system integrates several measuring nodes that include one or more triaxial 

accelerometers, a temperature sensor, a data acquisition unit and a wireless communication unit.  Particular 

attention was dedicated to measurement system accuracy and compensation of measurement errors caused by 

power supply voltage variations, by temperature variations and by accelerometers’ misalignments. Mathematical 

relationships for error compensation were derived and software routines for measurement system configuration, 

data acquisition, data processing, and self-testing purposes were developed. The paper includes several 

simulation and experimental results obtained from an assembled prototype based on a crank-piston mechanism. 

Keywords: measurement system, kinematic variables measurements, accelerometers, error compensation, 

accuracy. 
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1. Introduction 

 
Amplitude, phase and frequency measurements of kinematic variables, namely position, 

velocity and acceleration, are essential to a huge number of applications that include condition 

monitoring of machinery devices. This paper presents a low-cost measurement system to 

acquire and analyze mechanical motion parameters. The proposed measurement system 

includes several measuring nodes (MNs) with sensing, data conditioning, analog to digital 

conversion and data transmission capabilities. It is important to underline that wireless 

communication capability of the MN is essential in this type of application since data 

acquisition from moving devices does not allow usually the use of wired connections. 

Moreover, it is important to refer that the distributed topology of the measurement system 

allows simultaneous measurements of kinematic variables, namely position, velocity and 

acceleration, among others, at different measurement points, being possible to establish cross-

correlations between measurement data acquired in different MNs [1-4]. Measurement system 

fault detection routines can be easily implemented by using the measurement data of each 

MN, considering, for example, the expected measuring range of each variable or the cross-

correlation that is expected between different measuring quantities [5-7]. Obviously, this 

advantage can only be achieved if the theoretical model of the system is known or if the 

mechanical device under test had been previously characterized. Concerning monitoring 

purposes, it must be underlined that abnormal variation of kinematic parameters indicates 

potential failures of the mechanical devices under analysis [8-10]. Thus, monitoring of 

mechanical devices, particularly the ones that are submitted to hard working conditions, is 
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essential to schedule predictive maintenance [11] and then to improve mechanical systems' 

reliability. 

In order to improve measurement accuracy, several error compensation techniques are 

presented [12-14]. In this context, steady state measurements of the mechanical device, 

namely tilt measurements of mechanical elements, can be used to compensate misalignment 

measurement errors since it is particularly important to extract from the accelerometer signal 

the component that is associated with gravity acceleration [15]. Otherwise, the acceleration 

component that is associated with the mechanical motion will be mixed with tilt components 

that result from the relative positioning of the mechanical elements associated with each MN. 

Other errors, like the ones caused by temperature variations that can substantially affect 

measurement accuracy, are also compensated; otherwise, it will be impossible to distinguish 

mechanical motion parameter variations from the ones that are caused by temperature 

variations. 
Regarding applications of the proposed measurement system, it can be said that it can be 

used in a large number of industries that employ power transmission units and components, 
like linear actuators, clutches and automotive timing chain drive systems used to drive 
camshafts in auto engines [16]. Other typical examples that can illustrate systems' 
applications in industrial environments occur in the synchronization that must exist between 
different running shafts of a computer numerical control (CNC) machinery [4], [17] or in the 
coordination of robots that exhibit the capability to execute movements of multiple axes              
[18-19]. Others types of applications are related with vibration measurements that are very 
important to evaluate the performance of industrial plants, namely the measurement of piping 
structures, motors and control valve vibrations, among others, which are essential to schedule 
corrective and predictive maintenance tasks based on regular or continuous monitoring results 
[20].  

It is important to underline that there exist some commercial solutions for identical 

measurement purposes, however, these solutions are very expensive, proprietary and their 

flexibility to define new measurement configurations and data processing algorithms, suitable 

for specific applications, is very low [21].  

This paper is organized in five sections. The present one is the introduction, section two 

describes the measurement system, namely its hardware and software parts, section three is 

dedicated to measurement error compensation, section four includes simulation and 

experimental results and the last section, section five, is dedicated to conclusions. 

 

2. System description 

 
This section includes the description of the measurement system hardware and software 

components, underlining their main characteristics. 

 

2.1. Hardware  
 

The hardware of the measurement system includes several measuring nodes (MNs) and a 

coordinator node (CN).  

It is important to underline that the number of sensors in each MN is selected according to 

users’ requirements and mechanical device under test (MDUT) characteristics. Fig. 1 

represents a typical MN block diagram that includes two accelerometer devices and a 

temperature sensor. Additional sensing elements can be included in each MN according to the 

type and the number of quantities that must be measured. Measurement tests were performed 

with other sensor types, namely, vibration sensors, pressure sensors and encoders. 
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used to find the set of piston-crank dimensional parameters (l,r) and the rotation frequency (f) 

that minimizes the difference between measurement and curve fitting data.  

From the experimental data that was obtained it possible to verify that there is a signal-to- 

noise ratio of the measurement signal almost equal to 19 dB. 

 
(a) 

 

(b) 

Fig. 11. (a) Measured and curve fitting data that were obtained for the following set of parameters: l=4 cm, 

r=2 cm and freq=4 Hz; (b) Relative error between measurement curve fitting data. 

 

It is important to underline that dithering, noise shaping, digital filtering, and decimation 

techniques can be used to improve the signal-to-noise ratio and the resolution of the 

measurement system, obviously, at the expense of input signal bandwidth [43].  

 

5. Conclusion 

 
A wireless measurement system based on a set of different measuring nodes that include 

one or more accelerometers, a temperature sensor, a data acquisition unit and a wireless 

communication unit was presented. Curve fitting techniques were successfully used to 

evaluate the deviation between experimental data and the theoretical data derived for the 

kinematic equations of the MDUT. Particular attention was dedicated to the measurement 

system accuracy and to the compensation of the measurement errors caused by power supply 

voltage variations, by temperature variations, and by accelerometers’ or mechanical system 

misalignments. Experimental tests were performed using a crank-piston mechanism and a 
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measurement system with three measuring nodes. The experimental results that were obtained 

confirmed the theoretical expectations based on the kinematic equations of the mechanical 

device under test. Finally, it is important to underline that the accuracy values that were 

obtained can be substantially improved, since the low-cost prototype that was used to perform 

the experimental tests was designed for teaching purposes and not for accurate measurements. 
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