Development of Intensity Modulated Fiber Optic based Liquid Level Sensor

S. M. Maske R. S. Laddha P. B. Buchade A. D. Shaligram
Department of Electronic Department of Electronic Department of Electronic Department of Electronic
Science Science Science Science
S. P. Pune University, Pune S. P. Pune University, Pune Abasaheb Garware College, S. P. Pune University, Pune
maske.shrikantmadan@gmai laddha_rajendra@rediffmail buchadepb@rediffmail.com adshaligram@gmail.com

l.com .com

Abstract - In this paper the novel design of intensity modulated fiber optic based liquid level sensor is reported. This reported sensor structure
consists of two optical fibers, reflector and float. Two optical fibers were used for the transmission and reception of light. A reflector was used
for the reflection of light and is placed on the float. The movement of float is directly proportional to the level of liquid. As the liquid level
increases, the float moves towards the fiber probe. Therefore the distance between fiber end and reflector reduces i.e. the light on a receiving
fiber area decreases. The output voltage of the photo-detector is inversely proportional to the liquid level. The sensitivity of 4.1406 volts per mm
is achieved using this sensor. The measurement of liquid level up to 2mm is possible with this sensor structure.
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numerical aperture of 0.5 was used. The flat mirror is used as a

I.  INTRODUCTION reflector.
The optical fiber sensor has many advantages like non-
contact measurement, small size, and immunity to
electromagnetic interference. Due to the advantages of fiber

optic, these sensors have used for the measurement of liquid LED Driver Photo detector
level in harsh environments [1-3]. There are two types of fiber

optic liquid sensor like intrinsic and extrinsic. In intrinsic type \—l

of fiber optic liquid level sensor, the property of total internal

reflection with respect to the cladding is used. The point
measurement of liquid level can be done using intrinsic type of
sensor [4-9]. There are various types of sensor configuration is
used for the measurement of liquid level [10-14]. There are o
several applications of fiber optic based liquid level sensor like Transmitting fiber  — 1 Receiving fiber
measurement of fuel quantity in aircraft fuel tanks [15]. The Reflect
wavelength modulation based fiber optic sensors are also used o~ netlector
for the liquid level measurement. The fiber Bragg grating based em—— 02t

sensors are based on the wavelength modulation of light [16- TIIZIIIIICY Liquid
18]. The fiber-optic displacement sensor is also used for the N4
continuous monitoring of the liquid level [19]. - — - - —
In this paper, a novel design of intensity modulated fiber Fig. 1. Structure of intensity modulated fiber optic based liquid level
optic based liquid level sensor is reported. The sensor structure sensor

consists of two optical fibers, reflector and float. The principle
of operation of this sensor is depends on the intensity
modulation of light. The received intensity by a receiving fiber
is a function of liquid level in the beaker.

Il.  SENSOR STRUCURE

The structure of intensity modulated fiber optic based liquid
level sensor is as shown in figure 1. In this sensor structure,
two optical fibers, reflector and float was used. Two optical
fibers were used for the transmission and reception of light and
a reflector was used for the reflection of light. A reflector was
placed on the float. As the liquid level in the beaker changes,
the position of float was also changed. The fiber optic sensor
probe is fixed at some distance. The reflector changes its
position vertically with respect to the liquid level.

The developed structure of intensity modulated fiber optic
based liquid level sensor is as shown in figure 2. The two
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identical optical fibers having core diameter of 1mm and
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Fig. 2. Development of intensity modulated fiber optic based liquid level
sensor

I11.  EXPERIMENTAL RESULTS AND DISCUSSION

The experimentation for intensity modulated fiber optic
based liquid level sensor is performed using the developed
sensor structure. For the experimentation, plastic optic fibers
having core diameter 1mm and numerical aperture of 0.5 is
used. The spacing between transmitting and receiving fiber is
Imm.
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Fig. 3. Experimental results of intensity modulated fiber optic based liquid
level sensor

As the liquid level changes the position of the float is also
changes in vertical direction. The received intensity by
receiving fiber is a function of liquid level. As liquid level in
the beaker increases then the float moves towards the fiber
probe i.e. the light on the receiving fiber is decreases. Therefore
the output voltage of photo-detector decreases as the liquid
level increases. The white color light emitting diode is used as
the source and the L14G3 photo transistor is used for the
detection of light. The experimental results of the intensity
modulated fiber optic liquid level sensor is as shown in figure
3. The sensitivity of 4.1406 volts per mm is achieved using this
sensor. The measurement of linear liquid level up to 2mm is
possible with this sensor structure for R?=0.9992. Due to the
maximum sensitivity of sensor, this can be used for the
precision measurement of the liquid level.

IV. CONCLUSION

In this paper the novel structure of intensity modulated fiber
optic based liquid level sensor is reported. The linear liquid
level range up to 2mm and the maximum sensitivity of 4.1406
volts per mm is achieved. This sensor structure can be used for
the precision measurement of the liquid level.

ACKNOWLEDGMENT
The author SMM wish to thank University Grant
Commission, New Delhi for funding the research.

REFERENCES

[1] Chengning Yang, Shiping Chen, Guoguang Yang, “Fiber optical
liquid level sensor under cryogenic environment”, Sensors and
Actuators A 94(2001) 69-75.

http://www.ijritcc.org

[2] C. Vazquez, A.B. Gonzalo, S. Vargas, J. Montalvo, “Multi-
sensor system using plastic optical fibers for intrinsically safe

level measurements”, Sensors and Actuators A 116 (2004) 22—
32.

[3] Nabeel A. Riza and Syed Azer Reza, “Non-Contact Opto-
Fluidics-based Liquid Level Sensor for Harsh Environments”,
Proc. of SPIE Vol. 7675 767504-1.

[4] Pekka Raatikainen, Ivan Kassamakov, Roumen Kakanakov,
Mauri Luukkala, “Fiber-optic liquid-level sensor”, Sensors and
Actuators A 58 (1997) 93-97.

[5] llko K. llev and Ronald W. Waynant, “All-fiber-optic sensor for
liquid level measurement”, Review of Scientific Instruments 70,
2551 (1999).

[6] Paulo Antunes, Jodo Dias, Tiago Paixdo, Esequiel Mesquita,
Humberto Varum, Paulo André, “Liquid level gauge based in
plastic optical fiber”, Measurement 66 (2015) 238-243.

[7] F. P’erez-Ocon, M. Rubi'no, J.M. Abril, P. Casanova, J.A.
Martinez, “Fiber-optic liquid-level continuous gauge”, Sensors
and Actuators A 125 (2006) 124-132.

[8] Lomer, A Quintela, M L opez-Amo, J Zubia and J M L opez-
Higuera, “A quasi-distributed level sensor based on a bent side-

polished plastic optical fibre cable”, Meas. Sci. Technol. 18
(2007) 2261-2267.

[9] Hossein Golnabi, “Design and operation of a fiber optic sensor
for liquid level detection”, Optics and Lasers in Engineering 41
(2004) 801-812.

[10] J. E. Antonio-Lopez, J. J. Sanchez-Mondragon, P. LiKamWa,
and D. A. May-Arrioja, “Fiber-optic sensor for liquid level
measurement”, September 1, 2011 / Vol. 36, No. 17 / OPTICS
LETTERS.

[11] M. Lomer, J. Arrue, C. Jauregui, P. Aiestaran, J. Zubia, J.M.
L opez-Higuera, “Lateral polishing of bends in plastic optical
fibres applied to a multipoint liquid-level measurement sensor”,
Sensors and Actuators A 137 (2007) 68—-73.

[12] Huixin Zhang, Lishuang Feng, Yulong Hou, Shan Su, Wenyi
Liu, Jun Liu, Jijun Xiong, “Optical fiber liquid level sensor
based on macro-bending coupling”, Optical Fiber Technology
24 (2015) 135-139.

[13] Xinpu Zhang, Wei Peng, Zigeng Liu, and Zhenfeng Gong,
“Fiber optic liquid level sensor based on integration of lever
principle and optical interferometry”, IEEE Photonics journal,
Volume 6, Number 2, April 2014.

[14] Yanli Ran, Li Xia, Dikai Niu, Yonggiang Wen, Can Yu, Deming
Liu, “Design and demonstration of a liquid level fiber sensor
based on self-imaging effect”, Sensors and Actuators A 237
(2016) 41-46.

[15] S.F. Knowles, B.E. Jones, S. Purdy, C.M. France, “Multiple
microbending optical-fibre sensors for measurement of fuel
quantity in aircraft fuel tanks”, Sensors and Actuators A 68 (
1998) 320-323.

[16] Kyung-Rak Sohn, Joon-Hwan Shim, “Liquid-level monitoring
sensor systems using fiber Bragg grating embedded in
cantilever”, Sensors and Actuators A 152 (2009) 248-251.

[17] Qi Jiang, Debo Hu, Meng Yang, “Simultaneous measurement of
liquid level and surrounding refractive index using tilted fiber
Bragg grating”, Sensors and Actuators A 170 (2011) 62— 65.

[18] Binfeng Yun, Na Chen, and Yiping Cui, “Highly Sensitive
Liquid-Level Sensor Based on Etched Fiber Bragg Grating”,
IEEE Photonics technology letters, VVol. 19, No. 21, November
1, 2007.

[19]H. Z. Yang, S. W. Harun, H. Arof, and H. Ahmad,
“Environment-independent liquid level sensing based on fiber-

optic displacement sensors”, Microwave and optical technology
letters / Vol. 53, No. 11, November 2011.


http://www.ijritcc.org/

