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ABSTRACT 

An optical remote measurement of moving 
object using fiber grating is demonstrated. The 
experiment is performed in the laboratory, where the 
car model is controlled and moved on the moving 
track, i.e. sensing device unit, the speed and load of 
the moving vehicle is remotely simultaneous 
measured. The sensing device is connected to a fiber 
length of 4 km and signal processing unit for a 
remote detection and data analysis respectively. The 
measurement results obtained have shown the 
possibility of using such a scheme for a remote 
simultaneous measurement of speed and load of a 
moving object.  
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INTRODUCTION 

Fiber optic is widely used in everyday life for 
example in communication, sensor applications, 
industry and medical instrument etc. The large 
consume of fiber optic is concerned the optical 
communication and network, including its com-
ponents. There are numbers of fiber optic devices 
such as fiber coupler, grating, switching and 
amplifier etc. available to use for in line connection 
in communication network. Fiber optic devices for 
sensor applications are also available found in 
industrial applications, where fiber grating is also 
found widely used in many areas of applications. The 
full range of fiber grating theory and applications is 
described in references. 

The idea of all-optical network is also 
implemented in many places either in local area 
network and long-haul communication. The use of 
fiber optic sensors for a remote measurement are also 
widely application in many areas such as 
temperature, gas, pressure, moisture and chemical 
sensors, where the remote measurement scheme is 
needed to fulfill this kind of applications. The 
measurement of moving vehicle on the moving track 
is very interesting because they can be monitored 
while they are in movement. The measurement, 
control and data analysis for surveillance monitoring 
propose via optical communication and network is 
become the subject of our research because this 
technique is more available than the system which is 
implemented in petrol station along the highway. The 
remote measurements of more than one parameter are 
the objectives of this technique, i.e.  multiplex. The  

 
use of inline connection of fiber optic sensor heads 
into an implemented network for measurement and 
control is one of the popular areas of sensor 
applications. 

In this work, the application of fiber grating is 
discussed for the remote measurement of moving 
object, where the measurement of speed and load 
may be possible to monitor simultaneously. The 
experimental set up is performed in the laboratory, 
where the moving vehicle model is designed for the 
moving object. Preliminary results obtained have 
shown that the simultaneous and remote measure-
ment of the moving vehicle could be realized for 
monitoring.  

 
THEORY 

This research is an experimental work, however, 
it is important to know the basic theory of the 
technique. Fiber grating is now popularly used in 
many areas such as communication, signal process-
ing and sensor application. The advantage of 
using is that it is a small device that can be easily 
connected into the implemented and monitoring 
systems. 

Fiber Bragg grating consists of a periodic 
modulation of the index of refraction in the core of a 
single-mode optical fiber, the Bragg grating 
wavelength is expressed as 

 
          λB = 2n ∆   
 
where λB is the free space center wavelength of 

the input light that will be reflected from the Bragg 
grating, and n is the effective refractive index of the 
fiber core at the free space center wavelength and 
Λ is the periodicity of the index grating. 

 
Load sensitivity 
The applied load on a fiber Bragg grating is 

introduced the stress/strain effect on an optical fiber 
that is related to the object load. The corresponds 
change in the grating spacing and the strain-optic 
induced change in the refractive index, which is 
expressed as 

 
          ∆λB = λB(1-pe) ε                                  (2) 
                

where ε is an induced strain, and pe is an effect- 
ive strain-optic constant defined as 



 

where p11 and p12 are components of the strain-
optic tensor, n is the index of the core and is the 
Poisson’s ratio. For a typical optical fiber p11 = 
0.113, p12 = 0.252, ν =0.16 and n=1.482, then pe is 
and equation (2) is written by 
 
        ελλ ΒΒ =∆ ) (0.30                        (4) 

      

The change of Β∆ λ is occurred when the 
induced strain on fiber grading that is detected and 
observed the relationship between the measured 
strain and Β∆ λ can be used for related strain 
sewn applications. 
 

Speed sensitivity 
When the sensing unit is laid on the moving 

track and connected to the remote measurement 
system. The speed of a moving object travels along a 
sensing unit of length L, time τ is given as  
 
                V = L/τ                                             (5) 
 

where V is speed of a moving object, L is a 
sensing unit buffer length, and τ is moving object 
time duration of the output signal during the load is 
applied on the sensing fiber. The output wavelength 
of the signal is written as 

 
                    ∆λ=λ−λΒ                                                               (6) 
 

where λ is the center wavelength of the input 
wavelength, and the output wavelength is relatively 
changed and measured either for ∆λ and duration 
time τ. 
 

Temperature effects 
The measurement stability of sensing system is 

temperature effect is needed to control or 
compensated throughout the experiment. The 
fractional wavelength shift for a temperature change 
∆T may be written as 

 
               ∆λB = λB (α+ζ) ∆Τ                   (7) 
      

where α = (1/Λ)(∂Λ/∂T) is the thermal expansion 
coefficient for the fiber(approximately, 0.55x10-6 C-1 
for silica). The thermo-optic coefficient ζ  is 
approximately equal to 8.6x 10-6 C-1 for the 
germanium-doped silica core fiber. 

The theoretical prediction can be described by 
using equation (1) to (6), where the device 
parameters are the standard values that can be found 
in references. The mathematical simulation may be 
important to use for the device design before 
implementing in the real system, where the 
modification of the realized system can be made for 
the required application. Thermal effect is formed by 
the change in temperature ∆T, where it is quite small 
comparing to the change in ∆λB that can be neglected 
from the system. 

The required measurement system is that the 
system can measure simultaneously of moving object  
and speed via a remote connection system, where the 
data analysis and meant control can be performed. 
The use of fiber Bragg grating as a sensor head that 
can be connected into the implemented network is 
considered for this kind of application. Bragg 
reflector in this study is considered as the induced 
strain sensor, i.e. it is induced by load of the moving 
object. The required measurement is wavelength that 
is satisfied to use in the measurement system.  

The experiment schematic diagram and labora-
tory set up is as shown in Fig. 1. Optical pulse from 
OTDR (Optical Time Domain Reflectrometer) is 
launched into a 2x1 coupler which one of light beam 
is traveled into a fiber length and then to the fiber 
grating, i.e. sensing unit, while the other beam is loss 
in the coupler region. The interference signal occurs 
in the sensing device then reflects to the same 
coupler region, and then to a monochromator, and 
detected by a detector and shown on the oscilloscope. 
The level of the signal i.e. voltage is interpreted into 
the required measurement parameter as discussed in 
section 2. The scanning wavelength of 1.0 nm is 
operated to detect the output intensity at the 
corresponding peak, the certain amount of  detected 
intensity and time duration can be displayed and 
measured an the oscilloscope.    
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EXPERIMENTAL ARRANGEMENT 
 
 

Fig. 1 Schematic diagram of the experimental set up. 
 
RESULTS 

Preliminary results of the load measurement is 
performed by using a series of calibrated massed, 
where the applied loads range from 100 grams to 
8000 grams are used in the experiment. The results of 
load sensitivities are plotted as shown in Fig. 2, 
where the linear relationship of the plotting is 
observed, with difference fiber optic buffer materials 
and lengths. The moving load experimental scheme 
is being perform by using the same system, where the 
applied load will be configured by using a controlled 
car model traveling along the sensing device. The 
starting and final points are perform and known by 
two different peaks of signals with a corresponding 
time interval, the speed of the moving vehicle is then 
calculated and known in the given distance (L). 
 
CONCLUSION 

The use of fiber grating for sensor applications is 
described and demonstrated, the optical remote 
measurement of load and speed of moving vehicle is 
investigated. Results obtained have shown that the 
linearly relationship between applied load and the 
change of wavelength is observed. The measurement 
signals either from the starting and ending points 
obtained can be used to determine the time interval of 
the moving object, then the speed of moving vehicle 
can be calculated. Further application may be 
implemented by connecting into the communication 
line, where the measurement and control can be 
remotely detected via network. Temperature effects 
is also the important parameter that it is affected the 
experiment and calibration which is can be neglected 
in this study.  
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Fig. 2 (a) the remote measurement with fiber length of  (a) 2 
Km, and  (b) 4 km. PP: Polypropylene,  CS : Acrylics, ABC :  

Acrylonitride - Butadiene - Styrene. 



 

ACKNOWLEDGEMENTS 
The authors would like to acknowledge the 

partially financial support of this research from King 
Mongkut's Institute of Technology Ladkrabang 
(KMITL), and National Science and Technology 
Development Agency (NSTDA), Thailand.  
 
REFERENCES 

Andreas Othonos, Fiber bragg gratings, Rev. 
Sci.Instrum. 68, pp. 4309-4341, (1997). 

Udd, E., Fiber Optics Sensors: An introduction  
    for engineers and scientists, John Wiley & Sons,  
    Toronto, pp. 443–445, (1991). 
Wright, J.V., Wavelength dependence of fused 

couplers. Electron Lett. 22, pp. 320–321. (1986). 
Gonthier, oscillations F. et al, Investigation of power 

along tapered monomode fibers measurements 
and analyses of fields in fused tapered single 
mode fiber couplers. Appl. Opt. 26, pp. 444–
449. (1987). 

Hill, K.O. and Meltz, G., Fiber Bragg grating 
technology fundamentals and overview. Journal 
of Lightwave Technology. 15, pp. 1263–1276. 
(1997). 

Jung, J. et al, 1999. Fiber Bragg grating temperature 
sensors with controllable sensitivity. Appl. Opt. 
38, pp. 2752–2754. (1999). 

Jung, J. et al, Simultaneous measurement of strain 
and temperature by use of a single fiber Bragg 
grating written in an Erbium: Yttbium–doped 
Fiber. Appl. Opt. 39, pp. 1118–1120. (2000). 

 
 
 
 
 
 
 
 
 
 
 
Preecha  Yupapin received his Ph.D. (Electronics 
Engineering) from City University, London, M.Sc. 
(Applied Mathematics) from Mahidol University, B. 
Ed. (Physics) from Srinakharinwirot University.   He 
is a professor in the Department of Applied Physics, 
Faculty of Science, King Mongkut’s Institute of 
Technology Ladkrabang Bangkok, Thailand. He has 
authored/co-authored about 300 articles and research 
papers. 
 
 
 
 
 
 
 

 
 
         Chamontai  Patimapornchai received her M.Sc. 
(Engineering) from King Mongkut's University of 
Technology Thonburi, Bangkok, Thailand. She is 
currently working for Delta Electronics (Thailand), 
Bangpakong, Chachoengsao.  Her research interest is 
in the area of optical metrology, using fiber optics. 
 
Weerapong Chewpraditkul received his M.Sc. 
(Physics) from Chulalongkorn University, Thailand.  
He is currently a physics professor in the Faculty of 
Science, King Mongkut’s University of Technology 
Thonburi, Bangkok, Thailand.  His is interested in 
Optical Sensor. 
 
 


