
  

 

  

Abstract—Opto-electronic plethysmograph (OEP) is 

a motion analysis device able to measure chest wall 

motion and volume variation by surface measurement. 

The estimation is obtained through displacements 

measurements of markers placed on the thorax. 

Therefore OEP accuracy on markers’ displacement 

measurements may play a role in the volume’s 

measurement.   

The aim of present work is to evaluate OEP accuracy 

in the estimation of l inear displacements,  taking into 

account the contribution due of number of cameras, 

markers size and displacement magnitude.  

 A linear DC-motor was used to move the marker 

fixed on its shaft.  Trials have been carried out varying 

1) marker size (diameters of 6 mm and 12 mm), 2) 

cameras number (2,  4,  and 6) and 3) the magnitude of 

displacements (from 10 !m up to 200 !m). Number of 

cameras and marker size do not seem to play a crucial 

role as far as it concerns accuracy on linear 

displacements.  The relative percentage uncertainty 

decreases from 10% to 6% for marker A, increasing 

number of cameras from 2 to 6; for marker B, the 

percentage relative error decreases from 17% to 10%, 

increasing number of cameras from 2 to 4.  Moreover, 

OEP shows a discrimination threshold of 30 !m. 

I. INTRODUCTION 

Optoelectronic systems for motion analysis (OS) are 

used in order to quantify the kinematic and temporal features 

describing the movement of various body segments. [1, 2].  

Measurement of human posture and movement is an 

important area of research of bioengineering and 

rehabilitation fields: in orthopaedics and physical 

rehabilitation; in sport medicine, to study athletic 

performances; in pulmonology, to analyse respiratory 

pattern; in neurophysiology, to achieve more data about 

motion control and in neurology to control slight deviations 

which are not observable by simple overview [3]. 

OS consists of an interface, a video signal processor and 

a computer. Interface comprises a defined number of 

cameras, depending on application, and of a number of 

markers, placed on the body [4]. Markers could be active or 

passive; in both cases, for 3D analysis as a function of time, 

images must be recorded by at least two cameras. Markers 

can be detected by threshold detection or by image signal 

processing. The first one is the method implemented in 

Vicon System and Motion Analyser; the second method 

consists of real-pattern recognition and it is implemented in 
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ELITE (ELaboratore Immagini TElevisive; Milan 

Polytechnic  Milan®). This system works on real-time 

recognition of the shape and size of the markers rather than 

their brightness, showing higher reliability [4, 5]. 

Opto-electronic plethysmograph (OEP) is a particular 

OS, based on ELITE system, employed in clinical 

applications, for example in respiratory rehabilitation [6], to 

measure chest wall motion and rib-cage volume variations. 

OEP allows to measure volume of Chest Wall (CW) and of 

six different compartments (right and left): Rib Cage 

Pulmonary (RCp), Rib Cage Abdomen (RCa) and Abdomen 

(AB).  

Some research [7,8,9,10] assessed the main metrological 

characteristics of OS for clinical applications. Experimental 

set-up and trials were different depending on the system and 

its application. In most of them, authors have tried to 

simulate human movements, trough either subjects and 

trough mechanical devices [8,11]. In [8] and in [9], OS have 

been analysed to evaluate the clinical performance changing 

four factors: (1) cameras number, (2) input device, (3) 

marker identification process and (4) type of marker. In [8], 

eleven commercially OS calculated relative distance 

between two markers, fixed on rigid bar, held by a subject 

walking, sequentially. The number of cameras used ranged 

from two to six, depending on the system. The mean 

absolute percentage error of relative distance measurement 

ranged from 0.2% to 2.0% in systems with 2 cameras, from 

0.1% to 0.2% in systems with 4 cameras and from 0.6% to 

0.8% in systems with 6 cameras. The maximum relative 

distance error measured has been 5.7% with 2 cameras. In 

[11], seven passive markers are fixed on rotating plate, 

driven by motor, and distance between them has been 

measured by seven different motion analysis systems (the 

distance between markers is constant during trials). The 

accuracy of these systems ranged from 0.1 mm to 15 mm. 

Maximum relative distance error measured is 16.1 mm. 

The aim of present work is to evaluate OEP accuracy and 

resolution in measuring linear displacement, because they 

influence metrological characteristics of OEP in volume 

estimation. For example, accurate volume measurements are 

essential in the assessment of pulmonary rehabilitation. 

Linear displacements were performed by a linear DC-

motor varying systematically marker size, cameras number 

and the magnitude of displacements. 

II. EXPERIMENTAL SETUP 

A. OEP System 

OEP records marker’s trajectories placed on the thorax 

thanks to 6 cameras (800x600 pixels, C-mount compatible 

Accuracy evaluation on linear measurement through opto-electronic 

plethysmograph  

F.Bastianini, E. Schena, Member, IEEE , S. Silvestri, Member, IEEE 

34th Annual International Conference of the IEEE EMBS
San Diego, California USA, 28 August - 1 September, 2012

1960978-1-4577-1787-1/12/$26.00 ©2012 IEEE



1961



1962



1963


	MAIN MENU
	Help
	Search CD/DVD
	Search Results
	Print
	Author Index
	Keyword Index
	Program in Chronological Order

