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CROSS-REFERENCE TO RELATED APPLICATION 

[01] This application claims the benefit of U.S. Provisional Application No. 

61/148,564, filed 30 January 2009. 

REFERENCE REGARDING FEDERAL SPONSORSHIP 
[02] Not Applicable 

REFERENCE TO MICROFICHE APPENDIX 

[03] Not Applicable 

BACKGROUND FIELD OF THE INVENTION 

[04] This invention relates generally, to spectroscopic based optical fiber sensors. 

Particularly, this invention relates to scattering, absorption, colorimetric, fluorescent 

and phosphorescent based sensors. 

BACKGROUND DESCRIPTION OF PRIOR ART AND OTHER CONSIDERATIONS 

[05] Spectroscopic based optical fiber sensors can be used in several applications 

to detect strain, pressure, temperature, chemical species, turbidity,_color and other 

measurands. Two separate approaches have been used with these types of 

sensors: the optrode (or optode) and the distributed sensing approach. 

[06] Optrodes are the simplest type of optical fiber sensors. An optrode comprises 

an indicator located at the distal end of the optical fiber and an excitation light source 

and a detector at the proximal end. The excitation light travels through the fiber and 

interacts with the indicator, producing a spectral signal (fluorescence, 
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phosphorescence, colorimetric and/or absorption based signal). The signal travels 

back to the proximal end, is collected by a detector and is correlated with the 

parameter that is being measured. In this case, the fiber has a single sensitive 

region at its distal end and serves only as a conduit for the light, which propagates 

undisturbed from the proximal fiber end to the indicator and back. 

[07] In the distributed sensing approach, the entire fiber, or sections of the fiber, 

acts both as a conduit for the signal and as a sensor. The fiber can be manufactured 

either with a single monolithic cladding, made sensitive to the parameter being 

measured, or made with several sensitive cladding sections separated from one 

another. Regardless of the approach, these sensitive, or reactant regions, can be 

probed by an excitation light, resulting in a multipoint, quasi distributed, sensing 

device. Whereas a distributed sensor requires a single fiber strand to make multiple 

spatial measurements, an optrode requires several fibers. Therefore, the advantage 

of distributed sensing is that it can make multiple spatial measurements with a single 

device. 

[08] The sensing points of a distributed optical fiber sensor can be probed in two 

different ways: either axially or transversely; however, transverse probing is judged 

herein to be a superior mode of operation. 

[09] Axial probing is widely used as a means to probe the sensor fiber. In axial 

probing, light is injected from one end of the fiber, along its axis, and interacts with 

the surrounding cladding via its evanescent wave tail. The cladding then absorbs 

the probing light in the evanescent region producing either an absorption, scattering 

or luminescent signal that can be detected at either end of the fiber. 

[10] This type of excitation with respect to axial probing, however, has important 

disadvantages. For instance, the interaction between the evanescent wave of the 

excitation light and the sensitive cladding is very weak, requiring expensive 

instrumentation to detect the resulting signal, such as a high power source, an 

expensive detection scheme and/or a very long optical fiber. Additionally, depending 

on the arrangement, the alignment of the light source (such as a laser) with the fiber 

axis requires careful handling. 

[11] Schwabacher et al., international publication number WO 2001/71316 ('316), 

entitled "One-dimensional Arrays on Optical Fibers," (also, United States Patent No. 

7,244,572 issued 17 July 2007) demonstrates a linear array of chemosensors 

arranged along an optical fiber, with each reactant region in the array being sensitive 
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to a chemical species. Each successive reactant region is separated by a 

substantially inert region, such as cladding. This substantially inert region must have 

a minimum length, the preferable length being stated as 250 cm. Publication '316 

demonstrates both the axial and transverse methods of excitation, with the axial 

method being the preferred mode. 

[12] In the preferred embodiment, publication '316 employs a narrow axial laser 

pulse to introduce an excitation light to the optical fiber. Each reactant region is 

separated by a minimum distance along the fiber, with the region between the 

reactive regions being substantially inert. This relative long inert section is required 

by the technology utilized by publication '316, to prevent overlap of fluorescent traces 

from successive reactant regions. An excitation light from a source (such as a laser, 

diode laser, gas laser, dye laser, solid state laser, LED, etc) is introduced axially to 

an optical fiber, with the light then being delivered to the reactant regions. 

[13] In order to determine which reactant region, among several or even hundreds, 

is producing a signal, the time delay between the excitation pulse and return signal 

must be precisely known and correlated with the distance each particular reactant 

region is from the source. This determination involves the measuring of time, 

distance, and wavelength by use of precise instruments such as by the use of an 

oscilloscope and a photomultiplier tube. This arrangement requires an extremely 

long length of fiber in order to measure hundreds of species, and thus increases the 

overall size and complexity of the analyzing device. Furthermore, the precision 

instruments can increase the overall cost of the instrument significantly. 

[14] The excitation light can also be introduced to the reactant regions on the 

sensing fiber by an excitation fiber or fibers. This also requires the axial introduction 

of light to the excitation fiber. One excitation fiber per reactant region is required in 

one embodiment, with each fiber introducing the excitation light transversely to the 

reactant region of the sensing fiber. 

[15] Another embodiment requires the use of beam splitters to deliver the excitation 

light transversely to the reactant regions. The beam splitting technique make use of 

expensive high power lasers resulting in a decay of the intensities as more beam 

splitters divert the excitation light to the sensitive coating. 

[16] In another scheme, the excitation (or illumination) fiber is prepared by 

removing its cladding from small sections along its length, with these sections then 

being installed adjacent to the reactant regions on a nearby sensing fiber, and 
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allowing its evanescent field to transversely excite the sensing fiber. A disadvantage 

is that the evanescent field of the excitation fiber is very weak, thus delivering very 

little power to the sensing fiber. Additionally, other methods of axial and transverse 

excitation are revealed; however, these methods were, on average, not cost 

effective. 

[17] Although these embodiments of publication '316 are assumably operational, 

they are limited by complexity, manufacturing expense, and robustness of design. In 

order to manufacture alternating sections of reactant and inert regions, cladding 

must be removed only in the reactant regions, leaving intact the remaining inert 

regions. This alternating removal of cladding increases the expense and complexity 

of mass production, limiting automation options in manufacture. 

[18] Additionally, other techniques utilized in industry require the use of expensive 

instrumentation such as an optical time domain reflectometer (OTDR). Costing on 

the order of US $3,000 or more, an OTDR adds considerable expense to any system 

that uses the axial excitation technique. Also, the wavelengths availability of OTDR 

systems is limited, restricting the choices of reagents that can be used with the 

sensor. A further disadvantage of present systems is the interference of the signal 

detected by the OTDR caused by inadvertent bends and physical irregularities in the 

waveguide material, either of which can vary the fiber's refractive index. 

Furthermore, present techniques lack refinement of spatial resolution, on the order of 

approximately 10 cm. A more refined spatial resolution is needed. 

[19] While transverse probing of the sensitive region appears to be a superior 

technique that can produce a substantial signal, the prior art failed to identify this and 

other additional advantages. Side illumination, when properly done, can probe very 

small sections of a sensitive fiber, leading to a sensor with a very high spatial 

resolution and, consequently, multiple sensing points along the fiber length. For 

example, a high spatial resolution, of 5 mm can lead to ten sensing points for every 5 

cm of fiber resulting in a high density sensor array in a single fiber. High spatial 

resolution also is desired in applications in which there is a strong variation of the 

temperature and/or concentration of a chemical species along the length of the 

optical fiber. The monitoring of chloride ions inside concrete structures, serves as an 

example of where the sensing can be made at discrete narrow locations along the 

fiber. Previous endeavors failed to provide a simpler illumination technique that 

leads to a low cost, rugged, distributed sensor. More importantly, the prior art has 
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failed to recognize that a side illuminated optical fiber sensor without a chemical 

indicator in its cladding can detect certain parameters. 

[20] There are many needs and desires to overcome these and other deficiencies 

and/or problems in the prior art, as exemplified but not necessarily limited to the 

following: 

a. an inexpensive probing light source that can additionally provide a high 

spatial resolution to the fiber sensor, on the order of 5 mm or less, 

enabling the pinpointing of the exact location of detection; 

b. a cost effective optical fiber sensor system that uses inexpensive, off the 

shelf, commercially available devices that can be fabricated by automated 

means; 

c. a flexible device that can be used throughout the infrared, visible, and 

ultraviolet regions of the electromagnetic spectrum; 

d. a rugged sensing device that can be easily aligned and is not affected by 

outside interference such as bending and ambient light; 

e. a generic design that can be adapted to monitor different measurands is 

needed; 

f. an intense, yet, cost effective probing light source for a fluorescent based 

and absorption based fiber that can produce a strong signal that can be 

easily detected; 

g. a modular sensing system design that can be easily updated with the 

evolving technology; and 

h. a sensing system that does not require a chemical indicator immobilized 

over the surface of the fiber to detect a given measurand. 

SUMMARY OF THE INVENTION 

[21] These and other problems and needs are successfully addressed and 

overcome by the present invention. In accordance with the present invention a 

reversible, rugged, inexpensive, distributed optical fiber sensor with high spatial 

resolution that uses no chemical indicator is presented. A variation of the active 

cladding fiber is also presented. The present invention can be used throughout the 

infrared, visible, and ultraviolet regions of the electromagnetic spectrum. The light 

source of the present invention provides an intense, yet, cost effective means for 

probing the environment associated with the fiber and produces a strong signal that 
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can be easily detected. The present invention can be used with different light 

sources having different wavelengths, each sensitive to a particular parameter that is 

being measured. The present invention can be continually updated with new probing 

light sources, new sensors, and new computing codes. 

[22] The preferred embodiment of the present invention generally comprises an 

optical fiber having multiple bare core regions, a probing or excitation light source, a 

power supply, a detector, a signal processor, and a display. The probing or 

excitation light source is in direct optical communication with the optical fiber sensing 

point, but can be either positioned next to the sensing point or further away, such as 

a collimated light beam several meters of distance, provided it can illuminate this 

point. The optical fiber can be used as a sensor to determine the measurand of a 

medium, including such parameters such as environmental color, turbidity, 

fluorescence, spectral absorption, concentration of chemical species, index of 

refraction and any other properties that are optically affected, in a monotonic 

relationship, by these measurands. 

[23] The optical fiber sensor is illuminated, from the outside, at an angle, by a 

probing light from the light source. The probing light interacts with the region 

associated with the optical fiber and this region, upon being probed, modifies the 

probing light generating a light signal that is affected by the presence of a 

measurand. The light signal is coupled into the optical fiber core as a light signal 

and guided to a detector, which is in axial optical communication with the terminal 

end of the fiber. The detector correlates the intensity of the light signal with an 

electric signal. The electric signal is transmitted to the signal processor, and 

correlated with the measurand (color, turbidity, index of refraction, concentration of 

chemical species, etc.) that is being measured. The correlated quantity is 

transmitted and displayed on the display. 

[24] Either a portion or the entire area surrounding the core of the optical fiber is 

sensitive to the environment and/or the chemical species being measured. Unlike 

the art disclosed by Egalon (US Patent No. 7,473,906), a sensitive dope is not 

necessarily required. The resulting sensitive fiber is reversible, consistently returning 

to a reference intensity signal. 

[25] In a preferred configuration, the probing light source is a UV LED, which is 

positioned adjacent to the optical fiber, and which illuminates its sensitive region. 

The UV LED is preferred for several reasons, although it is to be understood that 
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other illuminating sources may be employed. Primarily, the preference for choosing 

the UV LED is that it is an inexpensive and readily available source of excitation 

light, which decreases manufacturing expense. Secondly, recent LED technology 

has improved the intensity and decreased the size of the UV LED, allowing for a 

narrow, intense interrogating light beam. Additionally, the close proximity of the UV 

LED to the optical fiber allows for an increased intensity of the light signal, enabling 

the use of an inexpensive detector, such as a silicon photo detector. Finally, the 

small LED size enables illumination of small regions of the cladding at multiple 

positions along the fiber length, resulting in multiple independent sensing points with 

high spatial resolution. The technique also allows for the exact locating of the point 

of detection in a substance, showing the spatial variation of the measurand along the 

length of the fiber, with a very high resolution. 

[26] An additional embodiment can include a reflector at the second terminus 118 

of the optical fiber opposite of the detector, increasing the light signal through 

redirecting backward propagating modes towards the detector. 

[27] Yet another embodiment includes the use of a sensitive optical fiber with a 

tapered core, generally diverging towards the detector as the light signal propagates 

from the sensitive region of the optical fiber to the detector. This core configuration 

has the advantage of coupling more light into the fiber core than the regular optical 

fiber cylindrical. With a tapered optical fiber, light rays that otherwise would radiate 

away from the fiber core are coupled as low loss bound modes and propagate for 

much longer lengths. This fiber can be manufactured using a drawing tower with a 

tapered glass preform. Alternatively, this fiber can also be manufactured manually 

by skilled in the shaping of glass. 

[28] In yet another embodiment, a plurality of light sources are positioned in a linear 

array along the length of the bare core optical fiber, wherein each light source 

consecutively, simultaneously, or independently emits a probing light, at an angle, 

towards the optical fiber core. The length of the array corresponds substantially to 

the length of the sensing region of the optical fiber. This arrangement is useful for 

increasing the overall light intensity of the coupled light signal. 

[29] Another alternate embodiment uses an illumination optical fiber, instead of an 

LED light source, to probe the sensing fiber at specific sections. The illumination 

fiber is fabricated by embedding several dielectric mirrors inside an optical fiber 

which is deployed along the sensing fiber. Each mirror, positioned at an angle of 45 
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degrees, is designed to reflect light at a specific wavelength, Ai, from a bound mode 

in the illumination fiber, towards the side of the sensing fiber. These wavelengths, Ai, 

are within the absorption spectrum of the medium associated with the sensing fiber. 

By varying the wavelength of the input light, it is possible to probe multiple points, at 

known locations, along the fiber sensor, thus creating an enhanced distributed 

sensing system. 

[30] In this case, light from a broadband light source passes through a 

monochromator that scans the wavelengths within the absorption spectrum of the 

sensing fiber associated medium. When the monochromator is tuned to a 

wavelength Ai, only the dielectric mirror tuned to this wavelength couples the light 

towards the sensitive optical fiber and the illuminated section corresponds to the 

position of this specific dielectric mirror. The procedure can be repeated for other 

wavelengths. 

[31] An additional embodiment uses an active core optical fiber doped with a 

substance that amplifies the signal from the sensitive region. This embodiment 

works in a way similar to that of an optical fiber amplifier. Accordingly, the signal 

from the sensitive coating is coupled into the fiber core. The active core is then 

excited by the light modified by the sensitive coating amplifying the original signal. 

This amplified signal is then guided to the detector. This embodiment is preferred 

whenever long lengths of fiber are used. 

[32] The present invention, and its alternate embodiments, can be used in an 

environment that contains substances that fluoresce, absorb or scatter light. For 

example, the concentration of chlorophyll in water can be determined by exciting its 

fluorescence with a UV light source. The concentration of a substance in a liquid 

can be determined through color measurements after employing a colorimetric 

reaction. A chemical species can also be determined using several light sources of 

different peak wavelengths that coincide with the chemical's absorption signature. 

Turbidity can be determined by side illuminating the fiber at any wavelength and 

measuring the intensity of the coupled light. 

[33] The present invention is designed to substantially expand the capability of the 

art disclosed by Egalon (US Patent# 7,473,906) and, in the process, further improve 

optical fiber sensing systems by, primarily, transversely positioning the light source, 

such as a UV LED or a visible light LED, directly adjacent to or further away from the 

sensitive region of the sensitive optical fiber. This arrangement increases the 
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intensity of the coupled light signal, decreases complexity and manufacturing costs 

and, when using LEDs with small sizes, allows for the exact locating of the point of 

detection in a substance with a high spatial resolution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[34] FIG. 1a is a block diagram illustrating the operation of the present invention 

and its distributed sensing capability in which the analyte is either fluorescent or 

phosphorescent. In this figure, the probing light source (100), at the right hand side 

of the figure, is probing an analyte (93) in the measurand associated medium of the 

sensing fiber (98), in which a portion or portions of the cladding of a commercially 

available optical fiber have been removed, located in source's corresponding sensing 

point (92). 

[35] FIG. 1b is a block diagram illustrating the operation of the present invention 

and its distributed sensing capability in which the analyte is either fluorescent or 

phosphorescent. In this figure, the probing light source (100') at the left hand side of 

the figure is probing an analyte (93') in the measurand-associated medium, which 

measurand-associated medium is located in source's corresponding sensing point 

(92'). 

[36] FIG. 1c is a block diagram illustrating the operation of the present invention 

with the optical fiber core (106) located between the analyte (93) and the probing 

light source (100). 

[37] FIG. 2a is a block diagram illustrating the operation of the present invention for 

which the analyte either absorbs or scatters the radiation coming from the light 

source. In this figure, the analyte (93) is between the probing light source (100) and 

the optical fiber core (106). 

[38] FIG. 2b is a block diagram illustrating the operation of the present invention for 

which the analyte either absorbs or scatters the radiation coming from the light 

source. In this figure, the optical fiber core (106) is between the probing light source 

(100) and the analyte (93). 

[39] FIG. 3a is a plot of the sensor response with the concentration of sodium 

nitrate. 

[40] FIG. 3b is a plot of the sensor response with the concentration of Potassium 

ions. This curve is also a measure of the turbidity. 
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[41] FIG. 4a is an illustration of how the sensor of FIGS. 2a and 2b can be used as 

a device to measure the level of a liquid or an interface between different fluids, 

whether a liquid or a gas. In this case, the liquid level in the fluid interface (176) is 

above one (92a) of the sensing points (92). 

[42] FIG. 4b is an illustration of how the sensor of FIGS. 2a and 2b can be used as 

device to measure the level of a liquid. In this case, the liquid level in the fluid 

interface (176) is below one of the sensing points (92). 

[43] FIG. 5a is an alternate embodiment of the sensing fiber (98') with the original 

optical fiber cladding (116). 

[44] FIG. 5b is an alternate embodiment of the sensing fiber (98') with a reactive or 

sensitive film (99) coated over the original fiber cladding. 

[45] FIG. 6a is a side view of the original fiber (96). 

[46] FIG. 6b is a side view of the sensing fiber, with sections of the optical fiber 

cladding 116 and the protective jacket 101 removed. 

[47] FIG. 6c is a side view of an alternate embodiment of the sensing fiber of the 

present invention showing a reflector (122) at the second terminus of the sensing 

fiber (98). 

[48] FIG. 7 is a side view of an alternate embodiment of the sensing fiber of the 

present invention showing a tapered core (107). 

[49] FIG. 8 is a side view of an alternate embodiment of the sensing fiber of the 

present invention, showing a linear array (138) of LEDs (100a). 

[50] FIG. 9 is a side view of an alternate embodiment of the sensing fiber (98) of 

the present invention showing two LEDs (100a and 100a') simultaneously lighting 

different sensing points (92). 

[51] FIG. 10a is an illustration showing the operation of an illumination optical fiber 

with a 45 degrees distal end. The light from the probing light source (100) is injected 

axially. 

[52] FIG. 10b is an illustration showing the operation of an illumination optical fiber 

with a 45 degrees distal end. The light from the probing light source (100, 100', 

100") is injected in the side of the optical fiber allowing a Nx1 coupler configuration 

with a single fiber. 

[53] FIG. 11a is an illustration showing the operation of an illumination optical fiber 

made of several long period Bragg gratings. The light is injected axially. 
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[54] FIG. 11b is an illustration showing the operation of an illumination optical fiber 

made of several long period Bragg gratings. The light is injected in the side of the 

optical fiber allowing a Nx1 coupler configuration with a single fiber. 

[55] FIG. 12a is an illustration showing the operation of an illumination optical fiber 

made of several embedded dielectric mirrors 180. The light is injected axially. 

[56] FIG. 12b is an illustration showing the operation of an illumination optical fiber 

made of several embedded dielectric mirrors 180. The light is injected in the side of 

the optical fiber allowing a Nx1 coupler configuration with a single fiber. 

[57] FIG. 13 is a block diagram of the detection system of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[58] The following detailed description is of the best presently contemplated mode 

of carrying out the invention. This description is not to be taken in a limiting sense, 

but is made merely for the purpose of illustrating general principles of the several 

embodiments of the invention. The detailed description set forth below, in 

connection with the appended drawings, is intended as a description of presently 

preferred embodiments of the invention and is not intended to represent the only 

forms in which the present invention may be constructed and/or utilized. The 

description sets forth the functions and the sequence of steps for constructing and 

operating the invention in connection with the illustrated embodiments. However, it 

is to be understood that the same or equivalent functions and sequences may be 

accomplished by different embodiments that are also intended to be encompassed 

within the spirit and scope of the invention. 

[59] A block diagram of the sensing fiber 98 is shown in FIG. 1 a. Accordingly, an 

probing light source 100 illuminates, at an angle, from the outside, a sensing point 92 

of the sensing fiber 98. The probing light source 100 has a wavelength capable of 

producing fluorescence/ phosphorescence from the analyte 93 which is in the region 

of the sensing point 92. Upon illumination from the probing light source 100 

(illuminating light shown as arrows), analyte 93, which is nearby the optical fiber core 

106, generates fluorescence which is coupled into the optical fiber core 106 as an 

optical signal 104 in the form of leaky and bound modes. The probing light source 

100 is attached to a power supply 114 that provides current to the probing light 

source 100, which is in optical communication with the optical fiber core 106. 
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[60] The fluorescence 104a, coupled into the optical fiber core 106, is guided to a 

detector 108, such as a silicon photo-detector, which correlates the light intensity of 

the fluorescence 104a with an output electrical signal. This electrical signal is 

transmitted to a signal processor 110, such as a light-meter, via a photo detector 

cable 112. At the signal processor 110, the signal is amplified and its optical 

intensity is displayed. The intensity read by the signal processor 110 is then 

correlated with the concentration of the analyte 93 surrounding the optical fiber core 

106. 

[61] In order to probe a different sensing point 92' of the sensing fiber 98 and to 

achieve enhanced distributed sensing (see FIG. 1b), the probing light source 100' 

can be activated separately by the power supply 114 to probe the second sensing 

point 92' next to the probing light source 100'. 

[62] This configuration can be used either with the analyte 93 between the probing 

light source 100 and the optical fiber core 106 (FIGS. 1a and 1b) or with the analyte 

on the other side of the core (FIG. 1c), or the analyte completely or partially 

surrounding the fiber. 

[63] A sensor for chlorophyll (analyte 93) dissolved in water (measurand-

associated medium in sensing point 92) is a practical example of the above 

configuration. Here, chlorophyll fluoresces when illuminated by a probing light 

source 100 of proper wavelength. This fluorescence couples into the fiber core as 

an optical signal 104 and its intensity is a measure of the concentration of chlorophyll 

around the fiber core. 

[64] A similar approach can also be used for absorption, colorimetric and scattered 

based optical fiber sensors, as shown in FIGS. 2a and 2b. Accordingly, a probing 

light source 100 illuminates, at an angle, from the outside, the sensing point 92 of the 

sensing fiber 98. The probing light source 100 has a wavelength capable of being 

absorbed or scattered by analyte 93 which is next to the fiber sensing point 92. The 

probing light source 100 is attached to a power supply 114 that provides the current 

to the probing light source 100 in optical communication with the sensing point 92. 

[65] Upon illumination from the probing light source 100 (with the illuminating light 

shown as arrows), an analyte 93, dissolved in the measurand-associated medium, 

next to the fiber sensing point 92, and in contact with the optical fiber core 106, 

absorbs the light from probing light source 100. The remaining light is coupled into 

the optical fiber core 106 as an optical signal 104 in the form of leaky and bound 
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modes and guided to a detector 108 that reads a light intensity that is related to the 

concentration of the analyte. 

[66] Referring further to FIGS. 2a and 2b, measurand-associated medium, located 

next to the fiber sensing point 92, can also be the result of a colorimetric reaction 

between analyte 93 and a chemical reagent. Upon illumination from the probing light 

source 100 (with the illuminating light shown as arrows), measurand-associated 

medium, next to the fiber sensing point 92, in contact with the optical fiber core 106, 

absorbs the light from probing light source 100. The remaining light is coupled into 

the optical fiber core 106 as an optical signal 104, in the form of leaky and bound 

modes, and guided to a detector that reads a light intensity that is related to the 

concentration of the analyte. 

[67] Again referring to FIGS. 2a and 2b, measurand-associated medium, next to 

fiber sensing point 92, can contain particles that scatter the light from probing light 

source 100 (with the illuminating light shown as arrows). This scattered light is 

coupled into the optical fiber core 106 as an optical signal 104, in the form of leaky 

and bound modes, and guided to a detector that reads a light intensity that is related 

to a measurand, such as turbidity. 

[68] In any case, the light from the probing light source 100 is modified by the 

surrounding environment, is coupled into the optical fiber core 106 as an optical 

signal 104, in the form of leaky and bound modes, and is guided to a detector 108, 

such as a silicon photo-detector, which correlates the light intensity of the absorbed 

light to an output electrical signal. This electrical signal is transmitted to a signal 

processor 110, such as a light-meter, via a photodetector cable 112. At the signal 

processor 110, the signal is amplified and its optical intensity is displayed. The 

intensity read by the signal processor 110 is then correlated with the concentration 

of the chemical species either surrounding the sensing fiber 98 or initially present in 

the original un-reacted medium. As before, distributed sensing can be achieved by 

probing sensing point 92' of the fiber with another probing light source 100'. 

Similarly, this configuration can also be used either with the analyte 93 or the reacted 

measurand-associated medium in sensing point 92 between the probing light source 

100 and the optical fiber core 106, as shown in FIG. 2a, or with the analyte or 

reacted medium on the other side of the core as shown in FIG. 2b. 
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[69] The configuration illustrated in FIGS. 2a and 2b can be used as a colorimeter 

to detect different chemical species, as a turbidity meter to detect turbidity and as a 

refractometer to detect the level of a given liquid. 

[70] There are several colorimetric reactions that can be used to detect different 

parameters such as, but not limited to, pH and the concentrations of iron, nitrate, 

phosphate, and ammonia. A specific example is a commercially available 

Phosphate test kit, 3466, obtainable from the LaMotte Company, Chesterton, MD, 

USA. In this test kit, a water sample is collected and a reagent tablet is dissolved 

into it. A color is developed in the water sample and this color can be used to 

determine the concentration of the chemical species. In the present invention this 

colored solution, located in sensing point 92, containing the analyte 93 that reacted 

with the reagent tablet, can be placed into contact with the optical fiber core 106. 

The solution in sensing point 92 can be illuminated by a white light source 100b, or 

any other appropriate light with different wavelength from the side, the absorbed light 

is coupled into the fiber core and its intensity measured by a detector 108. 

[71] Another specific example is a commercially available Nitrate test kit, 3473, 

from the above-mentioned LaMotte Company. In this test kit, a water sample is 

collected and a nitrate reagent tablet is dissolved into it. As before, a color is 

developed in the water sample and the intensity of the light coupled in the fiber, due 

to white light illumination, is measured. The intensity of this signal against different 

concentrations of sodium nitrate is shown in FIG. 3a. A linear equation was fit to this 

data with N=50 (number of data points) and R=0.9868 (the correlation coefficient). 

Using the Critical Values of the Pearson Correlation Coefficient r, this correlation 

coefficient corresponds to a confidence level of more than 99%. 

[72] A turbidity meter was demonstrated with the sensor configuration of FIG. 2b. 

FIG. 3b is the data obtained with this configuration. In this case, turbidity was used 

to determine potassium ion concentration in a sample solution through the well 

known sodium Tetraphenylborate (TPB) method, using TPB as a reagent. Using this 

method, 8 mL of a 1:5 dilution ratio of different concentrations of potassium chloride 

(KCI) solution was mixed with two drops of sodium hydroxide reagent with metal 

inhibitors and 0.05 g of TPB. After the reaction between the potassium ions and the 

TPB occurred, the solution in sensing point 92 becomes turbid and, upon being in 

contact with the optical fiber core 106, it was illuminated by a white light LED as light 

source 103 100b. The amount of light coupled into the optical fiber core 106, due to 
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the light scattered by the sample in the sensing point 92, was measured with a 

photo detector 108a. The intensity of this signal against different concentrations of 

potassium ions is shown in FIG. 3b. It is to be noted that, by adding this TPB 

reagent to the original medium, the measurand-associated medium becomes turbid 

and, as the potassium ion concentration in the original medium becomes higher, the 

turbidity also becomes higher. As a result, the signal scattered by the solution is 

accordingly increased. This graph was fit with a logarithmic linear curve containing 

17 6 data points, resulting in a very high correlation coefficient R=0.9475 0.96. The 

concentrations used were 30, 40, 50, 125, 250, 500 and 1000 ppm 50, 100, 200, 

300 and 400 ppm of potassium ion. Using the Critical Values of the Pearson 

Correlation coefficient, this result corresponds to a confidence level of more than 

99% (Table A-6 of Triola, 2007) (see M. F. Triola, "Elementary Statistics", 10th 

Edition, Pearson/Addison Wesley, 2007). This experiment was repeated a few other 

times resulting in similar values for the confidence level. Another way to test this 

turbidity sensor is by using a turbidity standard, formazin, for example, purchased in 

a "Formazin Calibration Kit" from Hach Company, Loveland, CO, USA (Catalog 

edition dated 2008-2009). 

[73] The configurations of FIGS. 2a and 2b can also be used as an inexpensive 

refractometer to detect liquid levels inside a given enclosure. For example, referring 

to FIG. 2b, measurand-associated medium in sensing point 92 can be either 

gasoline, water or air. When the sensing point 92 is surrounded by air, the intensity 

read by detector 108 is, for example, 989 units. When the sensing point is 

surrounded by water, the intensity read is 500 units. FIGS. 4a and 4b illustrate how 

this sensor can be used as a liquid level sensor. FIGS. 4a and 4b show the optical 

sensing fiber 98 inside a container 172, submerged in a liquid 174 with a liquid level 

fluid interface 176. Above the liquid level there is air 178. The sensing fiber 98 is 

attached to a linear array of LEDs 138. When the sensing point, associated with 

illumination the probing light source 103 100, is submerged in liquid 174, the signal 

detected by detector 108 and read by a readout 110 111 is lower in FIG. 4a than the 

signal read by the same readout in FIG. 4b. This result shows that a higher signal 

reading indicates that the sensing point is above the liquid level whereas a lower 

signal reading indicates the sensing point is below the liquid level. This procedure 

can be repeated to the other remaining sensing points to determine the level of the 

liquid. 
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[74] An alternative to the above configurations is shown in FIG. 5a. In this 

example, the original cladding of the optical sensing fiber 98' is preserved (that is, 

not removed) and illuminated from the outside from probing light source 100 with the 

fiber being surrounded by measurand-associated medium in sensing point 92. 

Because this configuration does not require the removal of the fiber cladding, the 

manufacturing of the sensor is thus simplified. This same cladded fiber can be used 

in conjunction with a reactive film 99 coated over the original cladding (see FIG. 5b). 

This reactive film has an indicator that is sensitive to the targeted species. 

[75] It is to be noted that all the fiber sensor configurations described, with the 

exception of FIG. 5b, do not require a chemical indicator immobilized over the fiber 

and is simpler than the one proposed by Egalon (US Patent No. 7,473,906). 

[76] The probing light sources of the configurations shown in FIGS. 1, 2, 5 and 8 

can also be replaced by an LED containing multiple individually addressable LED 

dies. These LEDs can have more than one die that emit at different wavelengths 

and can be used to probe a single sensing point at three different wavelengths and 

detect more than one parameter at the sensing point. 

[77] In all the embodiments described, there are various ways to manufacture 

sensor sensing fiber 98. One of the easiest methods is to obtain a commercially 

available optical fiber 96a having an optical fiber core 106, an outer protective jacket 

101 and an optical fiber cladding 116 FIG. 6a). As depicted in FIG. 6b, the protective 

jacket 101 and the optical fiber cladding 116 are removed at specific positions as 

desired and chosen to sense the analyte (e.g., nitrate). There are several 

commercially available optical fibers 96a suited for this task including glass and 

plastic fibers. Preferably such a fiber would have a large optical fiber core 106 

diameter, 1 mm to 1.5 mm, to provide the sensor sensing fiber 98 with a high signal 

output, although other diameters can produce acceptable results; however, smaller 

and larger diameters may be employed. 

[78] Using a fiber made of a glass core 106a (e.g., see FIG. 6a), a plastic cladding 

116a, and a plastic jacket 101 a, sensor sensing fiber 98 can be manufactured from 

the original fiber 96. This is done by removing specific sections of the plastic 

cladding and jacket (see FIG. 6a) at points where sensing is desired. The removal 

can be made either by chemical means, by mechanical means (using a blade), or 

through the use of a heat source, that burns away the protective jacket 101 and the 

plastic cladding 116a. Through either of these methods, the glass core 106a is 
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exposed to the outside environment. The result is that the stripped region around 

sensing point 92 of the fiber as shown in Figure 6b. Although this illustration shows 

a single stripped region, sensing point 92, multiple sections can be stripped away 

from the sensor as well, or the entire length of the optical fiber core 106 can be 

exposed, as desired. 

[79] Commercially available plastic optical fibers, such as Toray's Raytela® PBFU-

FB1000 (Raytela® is a registered trademark of Toray Kabushiki Kaishi (Toray 

Industries, Inc.) Corporation) Tokyo, Japan, can also be used to create the sensor. 

This fiber has a plastic core and cladding, and no jacket. The cladding removal can 

be done by using acetone according to the procedure described in D. F. Merchant, 

P.J. Scully and N.F. Schmitt in "Chemical tapering of polymer optical fibre", Sensors 

and Actuators, vol. 76, pp. 365-371, 1999. 

[80] Looking at FIG. 6c, an additional embodiment includes a reflector 122 at the 

second terminus 118 of the sensor sensing fiber 98 opposite to the detector 108, to 

increase the light signal through redirecting backward propagating modes 124 

towards the detector 108, located at the first terminus of the fiber 120, increasing 

either the fluorescent, absorption or scattered based signal. 

[81] Yet another embodiment, shown in FIG. 7, includes the use of an optical fiber 

sensor sensing fiber 98a with a tapered core 107, generally diverging towards the 

detector, as the fluorescence 104a where shown propagates from the sensing region 

point 92 to the detector 108. The interface between the tapered core and the 

cladding is shown to be 128. This tapered core 107 configuration has the advantage 

of coupling more light into the optical fiber core 107 106 than the other 

configurations and, as a result, increases the signal of the sensor sensing fiber 98. 

With a tapered optical fiber core 107, light rays that otherwise would radiate away 

from the optical fiber core 107 106, are coupled as low loss bound modes, and 

propagate for much longer lengths. This fiber can be manufactured using a drawing 

tower with a tapered glass preform while it is pulled at a constant velocity. Another 

method is to pull a regular cylindrical preform at varying velocities to create the taper 

in the fiber. Alternatively, this fiber can also be manufactured manually by those 

skilled in the shaping of glass. Another way is to taper an plastic optical fiber using 

the procedure outlined by Merchant et al., referenced above. 

[82] In yet another embodiment, as seen in FIG. 8, a plurality of light sources, such 

as UV LEDs 100a, are mounted on in an optical fiber support 134 in a linear array 
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along the length of the sensing fiber sensor 98, with each probing light source 100 

simultaneously emitting an excitation light transversely across towards the optical 

fiber core 106 (see FIGS. 1a, 1b, 1c, 2a, 2b, 5a and 5b). The length of the linear 

array of LEDs 138 corresponds substantially to the length of the sensitive region 

sensing point 92 of the sensing fiber optical fiber sensor 98 (also as shown in FIGS. 

1a, 1b, 1c, 2a, 2b, 5a and 5b). This arrangement can be used to increase the overall 

signal of the sensing fiber sensor 98. An optical fiber connector 132 provides 

protection to the end of the fiber of the sensing fiber sensor 98, preventing breakage, 

and allows a reproducible positioning of the end of the sensing fiber fiber sensor 98 

next to the detector 126 108 (e.g., also see FIGS. 1a, 1b, 1c, 2a, 2b, 5a and 5b). By 

alternately turning on and off each LED 100a, it is possible to probe a specific 

sensing region sensing point 92, resulting in an enhanced distributed sensing fiber 

sensor 98. 

[83] The power supply 114 (see FIGS. 1a, 1b, 1c, 2a, 2b, 5a and 5b) is preferably 

designed in such a way that it does not exceed the current limitations of the LEDs 

100a. Commercially available LED drivers can be used as a power supply for the 

source such as Sandhouse Design's LED-PS (Sandhouse Design LLC, Dunedin, FL, 

USA). 

[84] FIG. 9a is an illustration of a simple spectrometer-like device that uses several 

sensing points (92, 92', 92", ...) of the side illuminated sensitive optical fiber (98) with 

and a detector (108) to determine a given analyte (92) in the sensing points (92). 

Each sensing point (92) is illuminated by their corresponding probing light source 

(100, 100', ...) having different peak wavelengths, h- When each of these sensing 

points is probed, one at a time, the detector reads the signal of the lit light source 

(100). By mapping the response of the sensor to each source of different peak 

wavelength, due to the absorption of the analyte (93), we have a very inexpensive 

device that works like a simple spectrometer. The resolution of this spectrometer­

like device depends on the bandwidth of the wavelength, AA,i, of each probing light 

source (100). 

[85] FIG. 9b is an illustration of an alternate embodiment where the sensing fiber 

(98) has at least 2 sensing points (92) that are simultaneously illuminated by their 

corresponding LEDs (100a). These LEDs have different wavelengths which allows 

for the simultaneous determination of the measurands being probed at their 
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corresponding sensing points with a spectrometer (108c) located at the first terminus 

of the optical fiber (120). 

[86] In addition to the previously described embodiments, alternative embodiments 

of these illumination schemes are possible. For example, the LEDs 100a may be 

replaced with a strip of OLEDs (Organic Light Emitting Diodes). Such OLEDs can be 

incorporated into a strip over which the optical fiber sensor is mounted. 

[87] FIG. 10a shows an alternate embodiment that uses an illumination optical fiber 

144 to transversely probe the sensing region sensing point 92 (see FIGS. 2a and 

2b) of the sensing fiber optical fiber 98. In this case, the illumination optical fiber 144 

serves as a light guide for the illumination light 150 and the illumination optical fiber 

144 is deployed parallel to sensing fiber optical fiber sensor 98. The illumination 

optical fiber 144 includes a reflecting distal end face 148 at an angle of 

approximately 45 degrees, although other angles may also be employed, which 

redirects the illumination light 150 towards the sensing region of the sensing fiber 

optical fiber 98. However, angles other than 45• 45 degrees are employable 

provided that the light is directed towards the sensing region. In this embodiment, 

the illumination light is generated by a probing light source 100 at the proximal end of 

the fiber 152, and introduced axially. The position of the reflecting distal end face 

148 can be changed to probe different sections of the sensing fiber 98 or multiple 

illumination fibers can be used, each probing a specific area of the sensing fiber 

sensitive optical fiber 98. 

[88] FIG. 10b illustrates an alternative embodiment of FIG. 10a where multiple 

illumination probing light sources, 100, 100', 100", etc., side illuminate the 

illumination optical fiber 145 144. This is a preferred configuration because it allows 

for multiple simultaneous illumination of the illumination optical fiber 145 144 from 

different light sources. It also simplifies the illumination fiber because it does not 

require precise alignment of the sources nor the use of lenses to focus the light into 

the small proximal end of the fiber end face 152. For this specific configuration, the 

illumination optical fiber 145 144 should preferably be illuminated at a point where 

there is no cladding. The illumination of illumination optical fiber 145 144 is effected 

in a similar way as the illumination of the sensing fiber 98. Also, in this case, the 

illumination optical fiber 145 144 also acts as a simple N X 1 coupler that requires a 

single fiber. 
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[89] Yet another alternate embodiment, as seen in FIG. 11a, uses an illumination 

optical fiber 154 having several long period Bragg gratings 156. This illumination 

fiber 154 is also deployed along the sensing fiber sensitive optical fiber 98 and 

illuminates several of its sections through the long period gratings 156. Each long 

period grating 156 is designed to couple light from a bound mode core 158 of the 

illumination optical fiber 154 into radiation modes 160 162 at specific wavelengths, 

Ai, within the absorption spectrum of the sensing region. In this case, the light from a 

broadband illumination probing light source 100 passes through a monochromator 

160 that scans the wavelengths within the absorption spectrum of the sensing region 

of the sensing fiber 98. When the monochromator 160 is tuned to a wavelength Ai, 

only the specific long period grating 156 tuned to this wavelength couples the light 

towards the sensing fiber sensitive optical fiber 98, and the illuminated section 

corresponds to the position of this specific Bragg long period grating 156. The 

procedure can be repeated for other wavelengths. The same procedure as outlined 

in FIG. 11 b can be used for the configuration as shown in FIG. 11 a where the 

illumination probing light sources 100, 100' and 100" are placed in the side of the 

illumination fiber (see FIG. 11 b). In this case, each illumination probing light source 

100, 100' and 100" can be chosen to be sources of different peak wavelengths that 

are tuned to the gratings in illumination fiber 154. 

[90] Two more embodiments of an illumination fiber are illustrated in FIGS. 12a and 

12b for axial and side illumination, respectively. In this case, the illumination fiber 

157 is manufactured with several embedded dielectric mirrors 180, with each being 

positioned at an angle of 45• 45 degrees. Each embedded dielectric mirror is 

designed to reflect light at a specific wavelength, Ai, (e.g., A-i, A2 and A3), from a 

bound mode into a radiation mode of the illumination fiber, towards the sensing 

region sensing point 92 of the sensing fiber 98. This fiber works similarly to the 

illumination fiber made of Bragg gratings with the advantage that it is cheaper to 

produce. These wavelengths, Ai, are within the absorption spectrum of the 

measurand-associated medium in the sensing point 92 (see FIGS. ? 1a, 1b and 1c) 

surrounding the sensing fiber 98. By varying the wavelength of the input light, it is 

possible to probe multiple points, at known locations, along the fiber sensor, thus 

creating an enhanced distributed sensing system. 

[91] In both cases of FIGS. 11a and 12a, the monochromator can be replaced by 

multiple monochromatic light sources such as LEDs and lasers. 
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[92] An embodiment of the detection system is shown in FIG. 13, comprising a 

silicon photodetector 108b inside a light-tight enclosure 109, a photodetector cable 

112, a male connector 164 and a read out unit 166 111. The male connector 164 is 

connected to a female connector 168 in the read out unit 166 111. The 

photodetector 108a is mounted inside a light tight enclosure 109 which can be 

connected to the optical fiber connector shown in FIG. 8. The leads of the detector 

are connected to a cable that transmits the photo-electric signal to an amplification 

circuit. The circuit amplifies the signal and its intensity is displayed in the display 170 

of the read out unit 166 111. There are several commercially available detection 

systems that can be used with the current art, such as AEMC's Instruments 

Lightmeter Model CA811, (Chauvin Arnoux®, Inc. d.b.a. AEMC® Instruments, 

Foxborough, MA, USA, Hamamatsu Corporation's Photodiode Module C10439 

(Hamamatsu Photonics, K.K., headquartered in Hamamatsu City, Japan and having 

a subsidiary, Hamamatsu Corporation, Bridgewater, NJ, USA), and Sandhouse 

Design's Single Point Detector Model No. SPD-UV/VIS (Sandhouse Design, 

Bridgewater, NJ). 

[93] The present invention, in its various forms, can be used in many different 

applications, including but not limited to, monitoring the turbidity and color of a 

solution, the concentration of chlorophyll, the level of a liquid and others. 

[94] While the present invention has been described with regards to particular 

embodiments, it is recognized that additional variations of the present invention may 

be devised without departing from the inventive concept. Many improvements, 

modifications, and additions will be apparent to the skilled artisan without departing 

from the spirit and scope of the present invention as described herein and defined in 

the following claims. 
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Reference Numerals 

92 Sensing point, Exposed core 

region 

111 Readout 

92a Specific sensing point 112 Photodetector cable 

93 Analyte, measurand medium 114 Power Supply 

96 Original optical fiber 116 Optical fiber cladding 

96a Commercially available optical fiber 116a Plastic Cladding 

98 Sensing fiber, sensitive optical fiber 118 Second terminus of the optical fiber 

98a Optical fiber sensor with a tapered 

core 

120 First terminus of the optical fiber 

99 Reactive film, Sensitive film 122 Reflector 

100 Probing light source 124 Backward propagating modes 

100a LED 128 Interface between tapered core and 

cladding 

100b White light source 132 Optical fiber connector 

101 Protective jacket 134 Optical fiber support 

101a Plastic jacket 138 Linear array of LEDs 

104 Optical signal 144 Illumination optical fiber 

104a Fluorescence 148 Reflecting distal end face 

106 Optical fiber core, core 150 Illumination light 

106a Glass core 152 Proximal end of the fiber 

107 Tapered core 154 Illumination optical fiber with several 

long period gratings 

108 Detector 156 Long period gratings 

108a Photodetector 157 Illumination fiber with embedded 

dielectric mirrors. 

108b Silicon photodetector 158 Bound mode core of an illumination 

optical fiber 

108c Spectrometer 160 Monochromator 

109 Light tight enclosure 162 Radiation modes 

110 Signal processor 164 Male connector of the photodetector 
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168 Female connector of the read out unit 176 Fluid interface 

170 Display 178 Air 

172 Container 180 Embedded dielectric mirror 

174 Liquid 
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What is claimed is: 

1. A sensing system comprising: 

a sensitive optical fiber (98), 

having first (120) and second (118) termini, 

having a core (106), 

being located in an environment which contains substances that 

chemiluminesce, phosphoresce, fluoresce, scatter or absorb light, 

and having at least one exposed core region (92) in direct contact with 

the environment and acting as a sensitive region of the fiber, in which said sensitive 

optical fiber is optically affected by the environment; 

a measurand medium (93, 93') associated with said fiber; 

at least one probing light source (100) producing a probing light which 

interacts with the environment in said sensitive region for generating therefrom a 

modified probing light as substantially aided by said measurand medium interacting 

with the environment and; 

which is substantially coupled into said core as an optical signal (104) 

with high signal intensity associated with said sensitive region; 

a detector (108) optically coupled with said first terminus (120) of said 

sensitive optical fiber for reception of the light signal upon exiting said first terminus 

(120), for measuring an intensity of the light signal over a given range of 

wavelengths and for correlating the intensity with an electric signal; and 

a signal processor (110) in data communication with said detector (108); 

whereby the electric signal is correlated to a quantity of the measurand 

being measured. 

2. The sensing system of claim 1 further comprising a display in data 

communication with said signal processor and a power supply (114) configured to 

provide power to said probing light source, said signal processor, and a display. 

3. The sensing system of claim 1 further comprising a display in data 

communication with said signal processor and a power supply (114) configured to 

provide power to said probing light source, said detector, said signal processor, and 

a display. 
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4. The sensing system of claim 1 in which: 

said sensitive optical fiber has at least two of its cladding sections 

removed (92) with at least one exposed core region (92) in direct contact with the 

environment to provide at least two sensitive regions; 

said probing light source illuminates each sensitive region individually, one 

at a time; and 

said probing light optically interacts individually with the environment in 

each said sensitive region such that a modified probing light is generated therefrom, 

each such modification having been substantially affected by the measurand 

medium (93) in the environment. 

5. The sensing system of claim 1 in which: 

said sensitive optical fiber has at least two of its cladding sections 

removed (92) with at least one exposed core region (92) in direct contact with the 

environment to provide at least two sensitive regions; 

said probing light sources illuminate two or more sensitive regions 

simultaneously; and 

said probing light optically interacts with the environment in each said 

sensitive regions such that a modified probing light is generated therefrom, each 

such modification having been substantially affected by the measurand medium (93) 

in the environment. 

6. The sensing system of claim 1 in which said probing light source illuminates 

each sensitive region individually, one at a time. 

7. The sensing system of claim 1 in which the light source is positionable at any 

distance from said sensitive region sufficient as to enable said sensitive region to be 

illuminated. 

8. The sensing system of 1 A in which said sensitive region is absent from any 

chemical indicator. 

9. The sensing system of claim 1 in which said sensing fiber (98) comprises a 

fiber including its original fiber cladding (116). 
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10. The sensing system of claim G in which said sensing fiber (98) includes a 

sensitive film (99) coated over said original fiber cladding. 

11. The sensing system of claim 1 in which the measurand medium comprises 

one of color, turbidity, analyte and refractive index. 

12. The sensing system of claim 1 wherein the environment is located between 

one of said fiber core and the light source and behind said fiber core. 

13. The sensing system of claim 1 wherein said fiber core is surrounded by the 

environment. 

14. The sensing system of claim 1 wherein the optical interaction of the probing 

light with the environment with the measurand medium results in one of light 

absorption, scattering, and fluorescence, phosphorescence and chemiluminescence. 

15. The sensing system of claim 1 wherein said analyte chemically interacts with 

the environment, thus producing a change in color of the environment. 

16. The sensing system of claim 1 wherein said sensitive optical fiber comprises a 

refractometer to discriminate among environments of different refractive indices. 

17. The sensing system of claim 1 wherein said sensitive optical fiber is operable 

to determine the level of a liquid in contact with the sensor. 

18. The sensing system of claim 1 whereas said sensing system is a multi point 

optical fiber sensor in which each said sensing point is capable of detecting different 

measurands. 

19. The sensing system of claim 1 whereas said sensing system is a multi point 

optical fiber sensor in which each said sensing point is illuminated by a plurality of 

light sources of different wavelengths to detect a plurality of measurands. 
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20. The sensing system of claim 1, wherein said probing light is transmitted by an 

illumination optical fiber, said illumination fiber having a plurality of dielectric mirrors 

(180), said illumination fiber being positioned parallel to said sensitive optical fiber, 

said dielectric mirrors illuminating at an angle said sensitive region of said sensitive 

optical fiber at discrete positions, wherein a probing light source introduces a probing 

light into a monochromator, said monochromator filtering the probing light to a 

specified wavelength, said probing light at a specified wavelength being axially 

introduced to said illumination optical fiber, said probing light at a specified 

wavelength propagating to its specified dielectric mirrors having similar wavelength 

characteristics, and said specified dielectric mirror redirecting the probing light at an 

angle towards said sensitive region of said sensitive fiber, wherein each of said 

dielectric is designed to couple light from said bound mode core of said illumination 

optical fiber into radiation modes at specific wavelengths, and wherein the radiation 

modes of a specific wavelength illuminate said sensitive cladding region. 

21. The sensing system of claim 20 wherein a section of the illuminated fiber has 

its cladding removed, said section with a removed cladding is side illuminated by a 

plurality of probing light sources that couple their light into the core of the illumination 

fiber as bound and leaky modes for illuminating said sensitive fiber. 

27 


