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Abstract: An interferometer based optical sensor for displacement measurement is reported. This 
method requires quite simple signal processing as well as least electronic components. Referring to 
this technique, two photodiodes spatially shifted by 90 degrees were used. The output of photodiodes 
was converted into rectangular signals which were extracted in LabVIEW using the data acquisition 
card without using an analog to digital converters (ADC). We have also processed the signals in C++ 
after acquiring via parallel port. A Michelson interferometer configuration was used to produce linear 
fringes for the detection of displacements. The displacement less than 100 nm could be measured 
using this technique. 
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1. Introduction 

Displacements or vibrations of mechanical parts 
of a machine or large buildings range from a few 
micrometers to a few centimeters. Sometimes, such 
movements are precisely monitored to avoid any 
mechanical damage. Conventional vibration sensors 
(mechanical/electrical) are used to detect vibration 
amplitudes within a few millimeter ranges. If higher 
accuracy is required, optical sensors take place of 
conventional sensors. Several optical methods, for 
example, classical interferometry [1–3], holographic 
interferometry [3], speckle interferometry [4] and 
shadow moiré [5] have been demonstrated and 

reported in the literature. 
Laser Doppler vibrometers (LDVs) are 

considered as very accurate sensors for the 
measurement of motion over a wide range of 
frequencies and amplitudes [6]. The accuracy of 他
the LDV is based on interferometry in which two 
coherent light beams interfere to produce fringes. 
One is a reference beam, and the other is the subject 
or signal beam. These two beams form linear optical 
fringes, when overlapped, due to interference effects. 
The signal beam is partially reflected from the 
object under observation. The movement of the 
surface of the object under test is translated into the 
fringe displacement, and the optical signal can be 
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converted into the electronic signal using one or 
more photo-detectors. The signals from 
photodetectors are processed digitally after 
converting them from the analog to digital format 
using an analog to digital converter (ADC). There 
are a number of factors involved in the accuracy and 
speed of the measurement [7–10]. The overall 
performance of an LDV is affected by a variety of 
potential error sources arising from optical, 
electronic and digital processing sections of the 
system [11]. 

Classical interferometry is mostly used in 
vibration measurement systems because it can be 
used for the detection of the real time displacement 
and vibration of a surface [12–14]. The vibration of 
the amplitude less than 1 nm and displacement of the 
order of several meters can be measured depending 
on the coherence length of the laser being used. The 
signal from the optical setup can be sent over a long 
distance using fiber optic cables of course with 
challenges of its own [15]. 

Recently, we reported an analog processing 
based vibration measurement technique [16]. In this 
paper, we demonstrate a vibration detection 
technique in which signal processing can be 
performed without using an ADC, therefore, real 
time information about a vibrating surface can be 
obtained at a much faster rate as compared to other 
techniques. A significant amount of the processing 
time can be saved because an ADC could take up to 
several milliseconds in analog to digital conversion 
of one cycle. 

2. Experimental setup 

The schematic of the setup used for the 
experiments is shown in Fig. 1. Light from the 
coherent source is divided into two coherent beams 
using a beamsplitter (BS). One of the beams 
(reference beam) is reflected from the mirror M1. 
This mirror is slightly tilted to form spatially linear 
fringes. M2 is the reflecting and vibrating surface 
that moves in the direction along a–b. A mirror can 

also be mounted on the vibrating surface for this 
purpose. These two beams reflected from M1 and M2 
are overlapped after passing through the 
beamsplitter again and form interference fringes 
shown in Fig. 2. A diverging lens or magnification 
optics can be used to enlarge the fringe pattern. The 
larger size of the fringe pattern helps to detect the 
signals using two photodiodes (PD1 and PD2) placed 
in spatial quadrature. 

Laser

PD1 PD2

M1

M2

Electronic processing without 
ADC

Diverging 
lens

BS a b

Computer or microcontroller
 

Fig. 1 Block diagram of the displacement sensor. 

 
Fig. 2 Fringe pattern. 

3. Description 

The optical path difference (OPD) is the key 
factor which is exploited in interferometer based 
sensors to measure the displacement, pressure, 
temperature etc [17, 18]. Figure 2 shows that the two 
photodiodes are fixed at a phase separation of π/2 
with respect to the intensity profile of the fringe 
pattern. Let us assume that L1 and L2 are the OPDs 
corresponding to PD1 and PD2, respectively. The 
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phase of the interference signal detected by PD1 can 
be given as 

1
2( ) ( )t L tπα
λ

=              (1) 

where the constant phase difference between the 
outputs of the two photodiodes is 

2 1
2 ( )L Lπϕ
λ

= − .            (2) 

 
Fig. 3 Optical setup for vibration detection. 

In our technique (the setup is shown in Fig. 3), 
the two photodiodes are adjusted precisely using a 
micro-mechanical arrangement such that 

,   0,1,2,
2

nnπϕ π ≅ ± =+ 
 

 .      (3) 

If the fringe spacing (FS) is too small, higher 
values of n can be selected to adjust the photodiodes. 
However, as the fringe spacing is reduced, a smaller 
area photodiode is required. The fringe spacing is 
given by 

2sin
2

PS Fλ
θ

= ×             (4) 

where λ is the wavelength of light, θ is the angle 
between two interfering beams, and F is the factor 
by which the fringe pattern spreads out depending 
on the focal length of the lens or a lens system and 
the distance of photodiodes from the lens. The angle 
between the two interfering beams can be controlled 
by the tilt of the mirror M1. When the fringes move 
due to the vibration, the relative phase between the 
two output signals will be either +π/2 or –π/2 
depending on the placement of the photodiodes. 

The electronics for detection of the displacement 
consists of an amplifier and a comparator to convert 

the sinusoidal signals from photodiodes to 
rectangular waves. The same circuit is used for both 
diodes. The two diodes are spatially shifted by    
90 degrees with respect to each other. The 
simulation is performed in Proteus software using 
two sine waves instead of photodiodes. The result 
shows that two square waves corresponding to the 
two photodiodes are out of phase by 90°as shown 
in Fig. 4. 

 
Fig. 4 Output of the circuit for detection of the direction of 

the displacement. 

4. Analyzing displacement signal 

We used LabVIEW and C++ for processing the 
vibration signal from the interferometer using the 
data acquisition card and PC parallel port, 
respectively. The front panel of the LabVIEW VI is 
illustrated in Fig. 5. Logical methodology used for 
extracting the current direction of the vibrating 
surface is shown in the flowchart in Fig. 6. The 
Mathscript tool in LabVIEW was used to implement 
the flow chart. Table 1 explains possible outputs of 
the comparators regarding two photodiodes for two 
different directions a and b during the vibration of 
the surface. 

 
Fig. 5 Front panel of LabVIEW VI for extracting the 

displacement signal. 

Step outputs of the comparators shown in Fig. 4 
can be processed in the computer or microcontroller 
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to interpret the direction of movement during 
vibration. Therefore, the amplitude as well as 

frequency of the vibration can be found with the 
high accuracy and speed without using an ADC. 

Load Labview 
meaurement 

file

Extract signals 
regarding PD1 

and PD2

If A(i)=0 and 
B(i)=0

If A(i-1)=1 and 
B(i-1)=0

If A(i-1)=0 and 
B(i-1)=1

Increment Decrement

If A(i)=0 and 
B(i)=1

If A(i-1)=0 and 
B(i-1)=0

If A(i-1)=1 and 
B(i-1)=1

Increment Decrement

If A(i)=1 and 
B(i)=0

If A(i-1)=1 and 
B(i-1)=1

If A(i-1)=0 and 
B(i-1)=0

Increment Decrement

If A(i)=1 and 
B(i)=1

If A(i-1)=0 and 
B(i-1)=1

If A(i-1)=1 and 
B(i-1)=0

Increment Decrement
 

Fig. 6 Flow chart of the code for displacement measurement. 

Table 1 Sequential step outputs of two photodiodes. 

For direction a For direction b 

A (PD1) B (PD2) A (PD1) B (PD2) 

1 0 0 0 

1 1 0 1 

0 1 1 1 

0 0 1 0 

5. Conclusions 

In this technique of fringe detection, we have 
used two photodiodes spatially shifted by 90 degrees 
phase separation. The output of the photodiodes is 
converted into rectangular signals which are 
extracted in LabVIEW using the data acquisition 
card. We have also processed the signals in C++ 
after acquiring the signals via parallel port. The 
technique is very simple, and signal conditioning 

and data acquisition can be performed in much 
faster rates as compared to other techniques. 
Therefore, it is very suitable to apply in real-time 
feedback of the vibrating objects and surfaces. 
Further work is in progress to improve the accuracy 
of the techniques and also miniaturize the system for 
portability and ruggedness. 
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