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Abstract: A comparative study of two biopolymer based fiber optic humidity sensors is presented in 
this paper. Sensing elements Agarose and Chitosan swells in the presence of water vapour and 
undergoes changes in refractive index and modulates the intensity of light propagating through a fiber 
with Agarose or Chitosan as cladding. Copyright © 2007 IFSA. 
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1. Introduction 
 
Measurement of humidity is required in a range of numerous applications, including the 
meteorological services, the chemical and food processing industry, civil engineering, air-conditioning, 
horticulture, and electronics processing. Therefore, development of a low-cost humidity sensor with 
fast response assumes great importance. Optical fiber humidity sensors offer specific advantages, such 
as small size and weight, immunity to electromagnetic interference, noncorrosiveness and remote 
operation in comparison with their conventional electronic counterparts. Hence, a wide range of 
optical fiber humidity sensors have been reported in the literature [1-16]. Most of the fiber optic 
humidity sensors work on the basis of intensity modulation in which the light propagating through the 
optical fiber is absorbed or scattered as the humidity changes [6-10]. Most common method is based 
on the absorption/scattering of the “evanescent tail” of the light passing through the optical fiber  
[7-10]. Another method is based on the swelling nature of hygroscopic materials which causes 
refractive index changes in accordance with the humidity and modulates the light propagating through 
the fiber [11-16]. The latter phenomenon has been employed in the design and development of simple, 
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low cost and reliable fiber optic humidity sensors presented in this paper. The swelling polymers used 
in our work are Chitosan and Agarose. To the best of our knowledge, this is the first time that Chitosan 
have been used in developing a humidity sensor. 
 
 
2. Agarose and Chitosan Basics 
 
Chitosan is a fiber-like substance derived from Chitin. Principal source of Chitin is shellfish waste 
such as shrimps, crabs, and crawfish. Deacetylation of Chitin gives Chitosan. It is soluble in dilute 
acidic solutions below pH 6.0 [17, 18]. Thin films fabricated from solutions of chitosan and acetic acid 
have refractive indices approximately 1.45 and there is nearly no absorption in the range of 300 to 
2700 nm. Agarose is an unbranched polysaccharide obtained from the cell walls of some species of red 
algae or seaweed. Chemically, Agarose is a polymer made up of subunits of the sugar galactose. It is 
soluble in hot (>350C) water [15]. The property of thin film formation, water binding capacity and 
refractive index variation on water adsorption of these biopolymers [15, 19] can be exploited for the 
development of fiber optic humidity sensors. 
 
 
3. Theory 
 
The materials used as the functional cladding layer in the sensing region are Chitosan and Agarose, 
which swells in the presence of water without dissolving at room temperature. The variation in the 
refractive index (n) of these swelling polymers with respect to humidity (H) is obtained from Lorenz-
Lorentz relation as [20], 
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where km is the molar refraction divided by the molecular weight of water, S is the moisture solubility 
of the polymer, parameter f (0<f<1) is the fraction of the absorbed moisture that contributes to an 
increase in polymer volume, and is expected to depend on temperature, In Eq. (1), critical value fc 
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The output power (Pout) of the optical fiber sensor head with respect to the refractive index (n) of 
sensing layer is given by [21]: 
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where n1 is the refractive index of the core, n2 is the refractive index of the cladding, Pin represents the 
total power injected into the guided modes of the fibre from the source. 
 
In the dry state the refractive index of the Chitosan/Agarose cladding layer is larger than that of the 
fiber cladding and it operates in the leaky mode for higher order modes. In the humid air 
Chitosan/Agarose swells, its refractive index decreases and most of the higher order modes are guided 
and the intensity of transmitted light increases. Thus relative humidity can be determined by measuring 
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the output intensity of light passing through the sensing region. Fig. 1 schematically shows the leaky 
and guided modes in the sensor head. 
 
 

 
 

Fig. 1. Leaky and guided modes of the sensor head. 
 
 
On the basis of the above-mentioned principle, the output light intensity passing through the sensor 
head can be calculated theoretically for our sensor head using a ray tracing method [13]. Output power 
of the sensor head is represented mathematically by equation (3), 
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where θc is the critical angle in the input-side of the plastic cladded silica (PCS) fiber, r(θ) is the 
reflection coefficient, m is the reflection number for the sensor head and θcs is the critical angle in the 
sensor head. 
 
 
4. Sensor Element Fabrication 
 
The sensor element fabrication includes fiber preparation and deposition of the Agarose/Chitosan film 
on the prepared fiber. The fiber used for the sensor element fabrication is a multimode, step index, 
plastic cladded silica fiber of core diameter 400 µm with a numerical aperture of 0.37 (Type F-MBC). 
5 cm length of the cladding is removed from the middle portion of the fiber. The ends of the fiber are 
polished well. The Chitosan sensor head is fabricated by dip coating the uncladded portion of a fiber in 
a Chitosan solution prepared by dissolving 1 % Chitosan in 4 % acetic acid solution. The Agarose 
sensor head is fabricated by coating the uncladded portion of a fiber with hot (>35 0C) 1 % Agarose 
solution [15]. The coated fibers are kept for one day at room temperature until it is partially dehydrated 
or reaches the equilibrium with the environment. 
 
 
5. Experimental Setup 
 
The experimental setup (Fig. 2) consists of an LED, detector with signal analysis and the humidity 
chamber in which the Chitosan/Agarose coated fiber is fixed. Source used for the experiment is a red 
LED emitting at 636 nm. A low power silicon photo detector (Newport 818-IR) was used with a power 
meter (Newport make, Model 1815C) for recording the output. Humidity chamber is made of 
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borosilicate glass. Two fiber holders are fixed at the two side walls of the chamber. Humidity 
measuring unit used for calibration has a measuring range of 10 % - 95 % RH. The sensor head of this 
humidity measuring equipment is inserted into the chamber. 
 
 

 
 

Fig. 2. Experimental setup. 
 
 
The aerator is used to pump air into humidity chamber via ethylene glycol (dry air) or water (humid 
air). Air bubbled through ethylene glycol will bring down the chamber humidity to 20 % RH, Also, 
passing nitrogen gas into the chamber can bring down the chamber humidity to 17 % RH. The whole 
setup can be made compact if the sensor head used for calibration is small. 
 
 
6. Results and Discussions 
 
Using both Chitosan and Agarose coated sensor head, power outputs were taken for different humidity 
values and were plotted with humidity on the X-axis and normalized power on the Y-axis. The 
normalized power is obtained as 
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The results are plotted in Fig. 3 & Fig. 4 for Agarose sensor head and Chitosan sensor head 
respectively and it is observed from the figures that the normalized output power varies almost linearly 
with humidity for these biopolymer coated fiber optic sensor heads. The above graphs also establish 
the reversibility of the fiber optic humidity sensors. Long term stability of the sensor head is studied by 
taking the humidity response for different days (data not shown) and it is observed that the response is 
consistent within the accuracy limit of +/-5% for a humidity variation of 17- 95 % RH for Chitosan 
coated sensor head and for Agarose coated sensor head it is stable within the accuracy limit of +/-1% 
for a humidity variation of 40-95 % RH. 
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To measure the refractive index of the Chitosan film, film of thickness 15 µm is made from the 
Chitosan-acetic acid solution. The measured refractive index using Brewster angle method is 
approximately 1.45. The absorption spectrum of the film is taken using the UV/VIS/NIR 
Spectrophotometer (Make Jasco, Model V-570). It is observed that there is nearly no absorption in the 
range of 300 to 2000 nm. 
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Fig. 3. Variation of output power with relative humidity. 
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Fig. 4. Variation of output power with relative humidity. 
 
 

Investigations were also carried out by changing the wavelength of the LED and by changing the probe 
length. In both these cases no appreciable variation in the sensitivity has been observed. Further, 
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investigations have been carried out on the temporal response of the sensors using LabVIEW software 
and it is observed that the sensor showed fast response to humidity changes. A comparison of the 
performance of Chitosan coated sensor head and Agarose coated sensor head is given in Table 1. 
 
 

Table 1. Comparison of the Chitosan and Agarose coated sensor heads. 
 

  Chitosan coated sensor head Agarose coated sensor head 
Sensitivity 0.001 dB/RH 0.001 dB/RH 
Response time 2 seconds 3 seconds 
Linear response  17- 95 %RH (accuracy +/-5%) 40-95 %RH (accuracy +/-1%) 

 
 
Employment of these humidity sensors could lead to improvement in health care, since similar 
response time of commercial humidity sensors is of the order of several seconds. Fig. 5 demonstrates 
the ability of our humidity sensor based on Chitosan for on-line monitoring of breathing. This clearly 
establishes the sensitivity and fast response of the device to small variations in humidity. Also its 
simplicity and relative low cost make it an interesting possibility for humidity sensing. 
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Fig. 5. Response of the sensor to continuous breathing. 
 
 

7. Conclusions 
 
Simple fiber optic humidity sensors using swelling polymers as humidity sensing materials have been 
studied. The materials Chitosan and Agarose deposited as the cladding of an optical fiber swells in the 
presence of water molecules and are demonstrated to be suitable in humidity sensor applications. 
These sensors are reversible in nature. Stability of these sensors is also very good.  In addition, as this 
sensor has a fast response time, it could be used for real-time humidity monitoring and for applications 
as a breathing condition monitor. This study can also be useful for the fabrication of gas sensors. 
 
 



Sensors & Transducers Journal, Vol.84, Issue 10, October 2007, pp. 1633-1640 

 1639

Acknowledgements 
 
The first author is grateful to acknowledge the University Grants Commission, New Delhi, for 
financial assistance through a research fellowship. PR acknowledges the AICTE, New Delhi, for 
financial assistance through a project. TKJ acknowledges the CSIR, New Delhi, for financial 
assistance through a research fellowship. VPN acknowledges University Grants Commission, New 
Delhi for financial assistance through CELOS project. 
 
 
References 
 
[1]. B. D. Gupta, Fiber Optic Sensors Principles and applications. New India Publishing Agency, 2006. 
[2]. Fedor Mitschke, Fiber-optic sensor for humidity, Optics Letters, 14, 17, 1989, pp. 967-969. 
[3]. T. L. Yeo, D. Eckstein, B. McKinley, L. F. Boswell, T. Sun and K. T. V. Grattan, Demonstration of a fibre-

optic sensing technique for the measurement of moisture absorption in concrete, Smart Materials and 
Structures, 15, 2006, pp. N40–N45. 

[4]. Alberto Alvarez-Herrero, Héctor Guerrero and David Levy, High-Sensitivity Sensor of Low Relative 
Humidity Based on Overlay on Side-Polished Fibers, IEEE Sensors Journal, 4, 1, 2004, pp. 52-56. 

[5]. Jesús M. Corres, Francisco J. Arregui and Ignacio R. Matias, Design of Humidity Sensors Based on 
Tapered Optical Fibers, Journal of Lightwave Technology, 24, 11, 2006, pp. 4329-4336. 

[6]. Shiquan Tao, Christopher B. Winstead, Rajeev Jindal and Jagdish P. Singh, Optical-Fiber Sensor Using 
Tailored Porous Sol-Gel Fiber Core, IEEE Sensors Journal, 4, 3, 2004. 

[7]. Rajeev Jindal, Shiquan Tao, Jagdish P. Singh, Parikshit S. Gaikwad. High dynamic range fiber optic 
relative humidity sensor, Optical Engineering, 41, 5, 2002, pp. 1093-1096. 

[8]. Sunil K. Khijwania, Kirthi L. Srinivasan, Jagdish P. Singh. Performance optimized optical fiber sensor for 
humidity measurement, Optical Engineering, 44, 3, 2005, pp. 0344011-034401-7. 

[9]. B. D. Gupta, Ratnanjali, A novel probe for a fiber optic humidity sensor, Sensors and Actuators B, 80, 
2001, pp. 132-135. 

[10]. Lina Xu, Joseph C Fanguy, Kurnal Soni and Shiquan Tao. Optical Fibre Humidity Sensor Based on 
Evanescent Wave Scattering, Optics Letters, 29, 11, 2004, pp. 1191-1193. 

[11]. Maria Konstantaki, Stavros Pissadakis, Stergios Pispas, Nicholas Madamopoulos, Nikos A. Vainos, Optical 
fiber long-period grating humidity sensor with poly, ethylene oxide, cobalt chloride coating, Applied 
Optics, 45, 19, 2006, pp. 4567-4571. 

[12]. Ainhoa Gastón, Fátima Pérez, and Joaquín Sevilla, Optical fiber relative-humidity sensor with polyvinyl 
alcohol film, Applied Optics, 43, 21, 2004, pp. 4127-4132. 

[13]. Shinzo Muto, Osamu Suzuki, Takashi Amano and Masayuki Morisawa, A plastic optical fibre sensor for 
real-time humidity monitoring, Measurement Science and Technology, 14, 2003, pp. 746–750. 

[14]. John Vaughan, Christopher Woodyatt, Patricia J. Scully, Polymer optical fibre sensor to monitor skin 
moisture, Proc. SPIE, Vol. 6619, 66191T, Jul. 2, 2007. 

[15]. Francisco J. Arregui, Zuri Ciaurriz, Maria Oneca, Ignacio R. Mat´ıas, An experimental study about 
hydrogels for the fabrication of optical fiber humidity sensors, Sensors and Actuators B, 96, 2003,  
pp. 165–172. 

[16]. T. Venugopalan, T. L. Yeo, T. Sun, K. T. V. Grattan. LPG-based PVA coated sensor for relative humidity 
measurement, Proc. SPIE, Vol. 6619, 661925, Jul. 2, 2007. 

[17]. Sun-Ok Fernandez-Kim, Physicochemical and functional properties of crawfish chitosan as affected by 
different processing protocols, A PhD Thesis submitted to the Louisiana State University and Agricultural 
and Mechanical College, December 2004. 

[18]. R. Shepherd, S. Reader and A. Falshaw, Chitosan functional Properties, Glycoconjugate Journal, 14, 4, 
1997, pp. 535–542. 

[19]. Christopher A. Murray and John R Dutcher, Effect of Changes in Relative Humidity and Temperature on 
Ultrathin Chitosan Films, Biomacromolecules, 7, 12, 2006, pp. 3460-3465. 

[20]. Toshio Watanabe, Naoki Ooba, Yasuhiro Hida, and Makoto Hikita, Influence of humidity on refractive 
index of polymers for optical waveguide and its temperature dependence, Applied Physics Letters, 72, 13, 
1998, p.1533-1535. 

[21].Pal B.P, Fundamentals of Fiber Optics in Telecommunication and Sensor Systems. Wiley Eastern, 1991. 



Sensors & Transducers Journal, Vol.84, Issue 10, October 2007, pp. 1633-1640 

 1640

[22]. Sensors Web Portal, http://www.sensorsportal.com 
 

___________________ 
 
 
2007 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 

 
 

 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall  

  
  

GGuuiiddee  ffoorr  CCoonnttrriibbuuttoorrss  
  

 
 
Aims and Scope 
 
Sensors & Transducers Journal (ISSN 1726- 5479) provides an advanced forum for the science and technology 
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and 
application specific papers, short notes, letters to Editor and sensors related books reviews as well as 
academic, practical and commercial information of interest to its readership. Because it is an open access, peer 
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high 
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association 
(IFSA). In additional, some special sponsored and conference issues published annually.    
 
 
Topics Covered 
 
Contributions are invited on all aspects of research, development and application of the science and technology 
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to: 
  
• Physical, chemical and biosensors; 
• Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers; 
• Theory, principles, effects, design, standardization and modeling; 
• Smart sensors and systems; 
• Sensor instrumentation; 
• Virtual instruments; 
• Sensors interfaces, buses and networks; 
• Signal processing; 
• Frequency (period, duty-cycle)-to-digital converters, ADC; 
• Technologies and materials; 
• Nanosensors; 
• Microsystems; 
• Applications. 
 
 
Submission of papers 
 
Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 6-14 
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word 
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript 
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors 
must follow the instructions strictly when submitting their manuscripts.  
 
 
Advertising Information 
 
Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit: 
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2007.PDF 






