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ABSTRACT   

A method of sensing vibration using detection of changes in the spatial distribution of energy on the speckle pattern in 
the output multimode optical fiber is presented and demonstrated. The implementation of sensor consists of a small 
length of fiber which is isolated and sensitive to ambient vibration. The projection of the speckle pattern is directly 
recorded by a CCD camera at the outlet end of the fiber and processed changes in the intensity distribution. The sensor is 
simple, inexpensive and can be implemented to measure vibrations in engine, machines or buildings. 
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1. INTRODUCTION  
The speckle pattern is often used in optical sensors [1] and metrology where the granular structure of light is obtained 
through an optical roughened surface [2]. In these cases, the speckle pattern depends on the properties of coherence of 
the incident field and surface characteristics Speckle patterns can also be obtained using multimode optical fibers. Early 
works on the speckle pattern in multimode fibers were made by Takahara [3]  and Crosignani [4],  in which the effect of 
visibility, the spectral width of the employed source and the fiber length have been studied. As the speckle pattern in the 
output fiber is sensitive to any disturbances along the fiber, such as temperature, pressure or vibration, sensing of these 
measurands is potentially suitable with a proper processing stage of the speckle pattern. In 1989, Spillman et al. 
demonstrated a method using vibration sensing changes in the spatial distribution of energy at the exit end of a 
multimode fiber [5]. The authors implemented two experimental setups, the first speckle pattern is spatially filtered and 
second speckle pattern is projected onto CCD array, where intensity changes observed are related to vibration. Since 
then, some fiber sensor based on speckle pattern analysis for displacement measurements [6] or micro-cracks in concrete 
[7] have been proposed. 

In this work a multimode fiber sensing system able to measure vibration of structures is proposed. The transducer 
consists of a multimode optical fiber piece with a tiny CCD camera located at its outlet to capture the speckle pattern. 
The images processing stage produces an average speckle intensity variation proportional to the transducer fiber 
vibration. In this paper the sensor concept, its experimental demonstration and the obtained results are presented and 
discussed. 

2. THEORY 
Multimode fibers can spread a large number of modes with different phase velocities. The propagation modes 
corresponding to different optical paths used by the beams coupled into the fiber suffer different phase delays. Output 
field distribution consists of a sum of all individual contributions of each mode. If the contributions phase delay varies 
over 2π radians, having a sufficiently coherent source, then interference effects are well structured and can be observed 
in the intensity distribution through the end of the fiber. The number of modes, M, which supports an optical fiber break 
index is given by the expression [8] M=V2/2, where V is called normalized frequency given by, V=(2πa/λ)(

 

2

cl

2

co nn − )1/2, 
where a is the core radius, λ wavelength the laser and nco and ncl are the refractive indexes of core and shell, respectively. 
For a gradient index fiber, the number of modes is: M≈V2/4. For example, if all modes are excited in the multimode fiber 
step-index, nco = 1.492 and ncl = 1.402, and core radius a=125 and 490μm, the number of modes that would be about 
200,000 and 3 million modes, respectively, when a He-Ne laser (λ = 0.6328μm) is used. Due to the number of speckle 
dots present in a pattern is approximately equal to M, a speckle pattern adaptable to the needs of the measured variable 
can be obtained just by choosing a fiber with a suitable diameter and consequently by determining the size of the speckle 
dots. 
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sensitivity achieved under the test conditions. The same trend is observed in both measurement sets being pretty linear 
against the motor control voltage (different steps). The observed dropped value for the t=70 seconds step is due to the 
resonance frequency of the motor fixing piece as it is shown by the two measures.  Apart from the structure response, the 
accelerometer measurements have a very high noise component introducing an uncertainty around ±0.05G so, the 
presented results are just included for indicating the vibration trend. 
 

4. CONCLUSION 
A method of sensing vibration using changes in the spatial intensity distribution of speckle pattern obtained at the output 
of a multimode plastic optical fiber has been demonstrated.  The developed prototype is relatively simple and cost-
effective, consists of a short length of multimode POF ended by a tiny CCD camera. The average speckle intensity 
variation causes an electric signal proportional to the transducer fiber vibration. The results from a broad variety of 
experimental vibration experiments follow properly the expected simulations. 
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