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Abstract: In this paper implementation of optical micro displacement sensor system using single mode 50:50 coupler based on 

intensity modulated technique is presented. A single mode fiber coupler (L=2.5 m) has coupling ratio 0.5, excess loss 0.2 dB, directivity 

60dB and 9μm core diameter is used .Two optical sources IR laser diode (810 nm) and green laser diode (532 nm) with optical power 

meter to detect the variation in output laser power due to micro displacement for movement body under test ,a planar mirror and 

spectrum analyzer to detect the change of the light intensity as function of the displacement were utilized .Results show that the sensor is 

able to detect object displacement in front of mirror.The sensor characteristics are measured at the slope. Good sensitivity of the sensor 

202.8 μW / mm for IR laser source and sensitivity of the sensor 411.2μW / mm for Green laser source. 
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1. Introduction 
 

An optical sensor is a device that converts light rays into 

electronic signals.The advantages of the optical sensors are 

noncontactmeasurement, no added mass or modification of 

the structure being measured, compactness, widebandwidth, 

simplicity, high resolution [1].Optical fiber sensor is one of 

the most interesting and developing field. The fiber sensor 

are becoming day by day more attractive over other sensors, 

due to immune to EMI, non-electrical, highaccuracy, easy to 

install, noncontact, explosion proof small size and weight, 

the opticalfiber replaces othersensors. A number of varieties 

of parameters like temperature, humidity, pressure, pH, 

chemicalconcentration and displacement can be measured 

accurately [2, 3].Fiber optic displacement sensors have 

several disadvantages that make them particularly 

advantageous as compared to conventional capacitive and 

inductive displacement sensors, including compact size, 

thermal and chemical resilience,multiplexing capacity, and 

electromagnetic immunity. These attributes have led to the 

successful application ofoptical fiber sensors in structural 

monitoring and machine control [4,5].Displacement sensors 

and measurement techniques have been widely applied in 

manyfields, including advanced fabrication machines, health 

monitoring devices, and medicine [6-7]. 

 

2. Experimental Setup 
 

The experimental setup is shown in Figure 1 It consists of 

two types of laser sources (532 and 810) nm, input 

power(1.96 and 0.973) mW input power, fiber coupler, a 

planar mirror, optical power meter, and optical spectrum 

analyzer. The fibercoupler used is structured 2x2 (core 

diameter is 9 μm and cladding is 125μm) and2.5m in length. 

The single mode fiber coupler hascoupling ratio 0.5, excess 

loss 0.2 dBand directivity 60 dB, The power measured 

against the corresponding change in micrometer translational 

stage. 

 

We have proposed a reflective intensity optical fiber 

displacement sensor. The sensor can directly measure the 

linear displacement of a flat surface. First is construction 

concept using intensity modulation techniques using 50:50 

single modeoptical fiber coupler (9μm diameter), NA(0.02) 

and directivity (60dB). In these measurements our aim is to 

study the different results of displacement sensor using 

optical fiber coupler and two laser source(532 and810)nm. 

 

 
Figure 1: The basic setup of displacement sensor using 

single mode fiber coupler. 

 

3. Results and Discussion 
 

A. Light intensity with the displacement measurements 

 
Figure 2: Intensity of the green laser source (λ=532nm) as 

function of mirror’s displacement 
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Figure (2) shows the relationship between the intensity of 

the green laser source and the displacement. The sensors 

only have one slope and the sensitivity is higher at smaller 

core diameter.Figure (3) Shows the intensity of the infrared 

laser source (λ=810 nm) decay exponentially with 

displacement of the object. 

 

 
Figure 3: Intensity of the IR laser source (λ=810nm) as function of mirror’s displacement  

 

B. Light intensity with wavelength measurements  

By using high resolution spectrometer connected to a 

personal computer, we obtained the spectrums of the laser 

sources. The spectrum of laser sources at different 

wavelengths is shown in figure 4  

 

 

 
Figure 4: Green laser spectrum (λ=532nm)  

 

Figure 4 shows the relationship between the intensity 

(counts) and the wavelength of the green laser source in 

visible region in units of nanometers (λ=532nm). A range of 

the peaks intensities from 2250 to 3285. In figure 4 no peak 

shifting is observed. 

Paper ID: 25031707 DOI: 10.21275/25031707 524 



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 

Volume 6 Issue 4, April 2017 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 
Figure 5: IR laser spectrum (λ=810nm) 

 

Figure (5) Shows the relationship between intensity (counts) 

and the wavelength of the IR laser source(λ=810nm)units of 

nanometers. A range of the peaks intensity from 1000 to 

2500. 

 

We observed the peaks of the intensities curve shift toward 

higher wavelengths as shown in figure 5. At displacement 

(0, 0.5,1,2 and 2.5) mm ,the position remain constant of the 

peaks i.e. Δλ is 0,while a red shifting is occurred at 3 mm 

distance when the intensity is 1285and Δλ is 0.5 nm while 

Δλ is 1nm at displacement 3.5 mm when the intensity is 

1200 as shown in figure 6 . In general the reason of the peak 

shifting is due to the fiber numerical aperture changing that 

very much depends on angle θ that change because of light 

beam reflecting.Angle θ theoretically indicatesthe beam is 

homogeneous and perfect cone-shape. But, in experiment 

the outgoing laser beam from sensing port is Gaussian shape 

beam.  

 

 

 
Figure 5: Δλ of IR laser via displacement  

 

C. Light power with the displacement measurements 

In these measurements our aim is to study (experimentally) 

the output power of laser displacement sensor by using two 

types of the laser sources (532 and 810) nm, single mode 

optical fiber coupler. The output power light is plotted with 

respect to displacement of the mirror as shown in the 

following figures 
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Figure 7: The output power received by the detector via mirror displacement of visible laser source (532 nm) 

 

 
Figure 8: The output power received by the detector via mirror displacement ofIR laser source (λ=810nm) 

 

Figure 7 shows the exponential relationship between the 

output power of the light source using laser source in visible 

region at wavelength (λ=532nm) by using single optical 

fiber coupler (2.5 m) length. A maximum power is 542 µW 

is obtained when the target (mirror) at 0mm displacement, 

while the minimum value of the power of the light source is 

170 µW when the target at distance 5 mm. This means that 

when the distance of target (mirror) increases the power of 

the light decreases due to inverse-square law. We observe a 

good linearity in range of displacement from (0-0.5) mm. 

 

Figure 8 shows the relationship between power of the light 

source using laser source in IR region at (λ=810nm) 

wavelength, optical fiber coupler 2.5 m length. A maximum 

power is 275 µW is when the target (mirror) is not moving, 

while the minimum value of the power of the light source is 

85 µW at the distance of target distance 5 mm. This means 

that when the distance of target (mirror) increases the power 

of the light decreases due to inverse-square law. 

 

4. Conclusion 
 

Based on intensity modulation a simple and effective single 

optical fiber micro displacement sensor technique is 

presented. The results are linear for lasers sources at (810 

and 532) nm wavelength. The sensitivity of the sensor by 

using green laser source is (411.2µW/mm)which is higher 

than the sensitivity for IR laser source (202.8µW/mm) good 

linearity in range of displacement from (0-0.5) mm. 

 

Due to the simplest and compact design of such type of 

sensors, they find applications in industries as monitoring 

automated control, position control and micro displacement 

measurements in the hazardous regions. Such type of micro 

displacement sensor has relatively small measurable 

displacement range, but very sensitive over a small range. 
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