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Abstract: We have demonstrated a distributed gas detection system by using hollow-core photonic crystal fiber
(HC-PCF) as a gas chamber. The HC-PCF gas chamber has several lateral micro-channels fabricated by the
femtosecond laser. The HC-PCF is connected to the single mode fiber by thermal splicing, and gas can diffuse in
hollow-core of PCF via micro-channels. Compared to the traditional gas chamber, the HC-PCF gas chamber has
relatively simpler construction and quite stability. According to experiment results, the system response time of
15 s has been achieved for a 5cm HC-PCF which has ten channels with 4mm channel distance. It would
construct long sensing length fiber gas sensor that the side holes and the splicer have introduced very little loss.
Thus make it possible to achieve highly sensitive sensing system without influencing the response time. By
using self-reference demodulation algorithm and space division multiplexing technique, distributed gas
detection system with fast response was achieved. Copyright © 2014 IFSA Publishing, S. L.
Keywords: Hollow-core photonic crystal fiber (HC-PCF), Femtosecond laser, Distributed detection, Gas
sensor.

1. Introduction
Gas detection and measurement system plays an
important role in the fields of safety [1]. It is
extremely useful in variety of environmental and
industrial [2], scientific and domestic applications. In
recent years, optical gas sensing, based on spectrum
absorption, has been widely used in the field of the
gas concentration detection [3, 4] for it has the
advantages of good-selectivity, high sensitivity and
fast-response time. In the optical gas sensor, one of
the most important elements is the gas chamber.
Traditional gas chambers, such as single optical path
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chamber using the fiber collimator [3, 4], White
chamber [6] and Herriot chamber [7], have complex
structure, and tiny deformation of chamber structure
will lead to serious loss of light intensity. In addition,
in the industrial field, the dust, moisture and other
external factors will affect the stability and reliability
of the gas chamber. Recently, Hollow-core Photonic
crystal fibers (HC-PCF) have proven their suitability
for gas sensing measurement [8-13]. HC-PCF guide
light in a hollow core, which is surrounded by a
micro structured cladding formed by a periodic
arrangement of air holes in silica. The hollow core
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can be filled with gas allowing light to interact with
the gas while it is guided. HC-PCF based gas sensors
have a key role as itself act as compact gas chambers.
When filled with the gas, strong interaction between
the propagating light and the gas takes place.
Compared to the traditional gas chamber, the hollow
optical fiber absorption chambers have many
advantages such as low optical transmission loss,
stable coupling with other system components,
resistance to external electromagnetic interference,
etc. Of late many approaches have been investigated
for the HC-PCF based gas chamber [9-14]. However,
the rate of gas diffusion into the micron-sized holes
caused various limitations in sensing capability. By
the mechanical coupling method [9, 10], the time of
gas taken to get into the sensor from the fiber both
ends through either additional vacuum or gas
pressure, is too long for practical application.
Multiple coupling of HC-PCFs of small lengths is
another approach, which creates several entry points
for the gases to diffuse through the fibers [14].
Advantage of this technique is that diffusion time
gets lowered. Nevertheless, multiple couplings bring
too much loss of light intensity.
In this paper, we report a distributed gas detection
system by using HC-PCF as a gas chamber. The HCPCF gas chamber has several lateral micro-channels
fabricated by the femtosecond laser. The HC-PCF is
connected to the single mode fiber by thermal
splicing, and gas can diffuse in hollow-core of PCF
via micro-channels. The attenuation per channel is
about 0.3 dB. According to experiment results, the
system response time of 15 s has been achieved for a
5 cm HC-PCF which has ten channels with 4 mm
channel distance. The system uses self-reference
demodulation algorithm and space division
multiplexing technique, and shows a much faster
response time and distributed measurement.

The length of the HC-PCF is 5 cm and 10 microchannels separated from each other by 0.4 mm were
introduced along the HC-PCF. The micro channel is
fabricated by a femtosecond laser. Fig. 2 shows the
schematic diagram of the femtosecond microfabrication system. The main parameters of the
femtosecond laser as follows: Center wavelength
780 nm, Pulse Width 180fs, Repetition rate 1 kHz,
and Energy 1 mJ. The ends of the PCF were coupled
with common single-mode fibers by using a fusion
splicer (FSM-100P), and the splice loss was about
1.5 dB per splice. The transmission loss and the
spectral change were monitored with an OSA in
combination with broadband light source. Through
the change of light intensity could judge whether the
processing of the micro-channel is successful. It is
worth mentioning that, in the preparation of fiber,
using a semi-peeling method (which is only stripping
partially coating), such deals only with the optical
fiber coating need to process and retain most of the
coating method can effectively improve the
mechanical strength of fiber. To ensure that the
processing parameters of the crystal fiber pore
diameter, depth and quality to meet the requirements
we need, after repeated micro-processing tests, the
best parameters as follows: aperture 5 mm, pulse time
2 s, processing energy 160 mW - 200 mW. The
transmission spectrum on the spectrograph showed
the loss was 3 dB for 10 channels.

2. HC-PCF Chamber Fabrication
A simple type of HC-PCF used in the experiment
which was provided by Wuhan Changfei Optical
Fiber Co., Ltd. The structure of the HC-PCF is as
shown in Fig. 1, the diameter of the hollow core is
33 µm, the diameter of porous zone is 73 µm, and
transmission loss is about 1 dB/m.

Fig. 1. Structure of HC-PCF.

Fig. 2. Femto-second laser processing system.

3. Experimental System and Test Results
The specific gas will absorb the certain
wavelengths of light, but other gases not at this
wavelength of light. For example, in λ=1530.375 nm
[15] (from Hitran database) the C2H2 has a strong
absorption, but other gases have not. We used C2H2
(λ=1530.375 nm) to test the function of the fiber
sensor and to determine the response time of the
sensor. By gas molecule's absorption principle and
Beer-Lambert's Law [5], when the input light passes
through the gas under test, a portion of light is
absorbed by the test gas. The gas concentration can
be estimated by measuring the change of the light
intensity.
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The structure of gas chamber is shown in Fig. 3.
HC-PCF was used as the medium of gas chamber. In
order to prevent the micro channel is blocked, metal
pieces of entrance fixed air chamber has a special
molecular sieve [16] can prevent the entering of dust
and water pollutants. Compared to the traditional gas
chamber, the HC-PCF gas chamber introduced in the
article has no optical collimator, so could improve the
impact resistance of the gas chamber. What’s more, it
has neither engage mirrors nor other optical devices
which helps to reduce the optical noise and
processing costs. Thereby it improves the system
stability and reduces the cost of the system
maintenance.

3.2. Experimental Data Processing
When extracting the ideal gas absorption peak
from
the
spectrum
curves,
self-reference
concentration demodulation algorithm was adopted.
The principle is as follows: Baseline contour was
extracted from the collected spectrum curve, and then
subtracted by the original spectrum curve to obtain
the absorbance curve. Based on the absorption
spectrum of linear fitting it achieves accurate
calculation of precise positioning and absorbance of
the absorption line. The experimental result obtained
by this approach was shown in Fig. 5.

Fig. 3. Schematic of the experiment system.

3.1. Gas Concentration Experiment
The Schematic of the experiment system was
shown in Fig. 3. A scanning laser with a wavelength
of 1530.0 nm to 1530.8 nm is used, and eject into the
gas chamber. Output light was received by photo
detector, and then is dealt by the computer. Acetylene
gas of different concentrations (0-5 %, step by 0.1 %)
was diffused into the gas chamber respectively. The
absorption curves for different gas concentrations
were recorded. As shown in Fig. 4, the absorption
peaks changes when the gas concentration changes,
and the higher gas concentration, the greater
absorption peak is.
Fig. 5. Absorption spectrum and baseline spectrum
of the gas. (a) Defining baseline contour; (b) Determining
absorption peak.

Using the two-derivative-extreme method to
search the absorption peak position of processed
smoother spectra curve, and in the gas absorption
peaks (λ=1530.375 nm) on both sides we pick out N
data separately. Fig. 5(a) indicated the baseline
contour, which was defined by the smooth shoulders
of non-absorption peak, to avoid the baseline
variation caused by light intensity changes. Fig. 5(b)
showed the absorption peaks P1, P2,Pn, obtained by
subtracting the original spectrum curve from the
Fig. 4. Transmitted spectrum of acetylene gas.
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baseline. The absorption peak value Pn is the
absorption strength of the concentration acetylene gas
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here, and then processing the Pn with linear fitting.
Fig. 6 shows the relationship between system
response and acetylene volume fraction after linear
fitting of P1, P2,Pn. The fitted slope can approximately
indicate the sensitivity of the measuring system.
k=0.227, R=0.999, well linearity, and the sensitive of
the
sensor
can
reach
-3
2.2710 dB/ppm. According to the calibration curve
of acetylene volume fraction, the gas concentrations
can be determined by the absorption peak, so as to
realize the real-time monitoring on gas
concentrations.

According to the experimental result, the
detection sensitivity of this system for acetylene gas
was 2.2710-3 dB/ppm. The analysis on experimental
records showed that concentration changes can
rapidly incur the changes of absorption peaks, and the
response time was about 15 s.

3.4. Distributed Sensing System
Space division multiplexing (SDM) in the optical
fiber sensing refers to multiple fibers sharing a
multiplexing of optical fiber to transmit. This system
uses SDM to realize the measurement of 8 sensing
points, and each gas sensor of the system is
independent. They share one light source, and use the
optical switch to control. The switch time is less than
1 s. Optical signal enters the gas chamber through
optical switch. The signal through the gas chamber
will be passed to computer for processing.
Distributed detection system structure is shown as
Fig. 8. Through this technology, we can realize the
distributed measurement of the gas concentration.

Fig. 6. Calibration of concentration detection.

3.3. Response Time Experiment
Different concentrations of acetylene gas (2 %
~ 5 %) were injected into the gas chamber, and the
variation of the system response time is obtained to
test the diffusion speed of the gas in the HC-PCF
cavity. The test environment is open space and has no
metal fasteners. The results shown in Fig. 7 indicate
that acetylene spreads evenly in the HC-PCF Gas
chamber. It takes about 15 s, so a fast response is
achieved.
Fig. 8. Diagram of distributed detection system.

Fig. 7. Response time of acetylene into HC-PCF gas
chamber with different volume fractions.

The system multiplexed 8-channels calibrated gas
sensor to measurement acetylene. We randomly
selected two sensors data to analyze. After N2
purging gas chambers, the gas chambers are filled
with five groups of different concentration gas (1 %5 %) which are measured by the detection system,
and optical signal is processed by the self-reference
method, results as shown in Table 1. Then fitting the
concentration testing curve, results are shown as
Fig. 9. The R-square is about 0.999, the max
measurement relative error is less than 1.5 %, and the
reaction time is less than 15 s. The results prove that
the detection system has good stability and
repeatability.
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Table 1. Results of different concentration gas.
1530.375
nm
Concentration
(%)
1
2
3
4
5

Channel 4
Absorption
intensity
(dB)
0.23
0.439
0.673
0.909
1.119

Error
rate
(%)
0.76
0.11
0.15
1.01
0.79

Channel5
Absorption Error
Intensity
rate
(dB)
(%)
0.228
0.26
0.443
1.03
0.682
1.49
0.913
1.03
1.128
1.60
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Fig. 9. The fitting of concentration testing curve.

4. Conclusion
We have demonstrated a distributed gas detection
system by using hollow-core photonic crystal fiber
(HC-PCF) as a gas chamber. The HC-PCF gas
chamber has several lateral micro-channels fabricated
by the femtosecond laser. The HC-PCF is connected
to the single mode fiber by thermal splicing, and gas
can diffuse in hollow-core of PCF via microchannels. Compared to the traditional gas chamber,
the HC-PCF gas chamber has relatively simpler
construction and quite stability. According
experiment results, the system response time of 15 s
has been achieved for a 5 cm HC-PCF which has ten
channels with 4 mm channel distance, and its
sensitivity is 2.2710-3 dB/ppm and the response time
is 15 s. The total loss around the absorption peak
1530 nm of acetylene gas was about 10 dB, including
light intensity loss at the air pores, transmission loss,
loss induced by field mismatch and splice loss. By
using self-reference demodulation algorithm and
SDM technique, distributed gas detection system
with fast response was achieved. The findings in this
paper may contribute to the advancement of HC-PCF
based absorption spectroscopy. HC-PCF devices that
can demonstrate fast response times, high sensitivity
and high selectivity detection in a compact rugged
device may be an improvement on existing schemes.
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