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This paper discusses the development of a Raman lidar system for remote detection and measurement of hydrogen gas by using
a photon counter. The Raman signal of the hydrogen gas is very weak and has a very low signal-to-noise ratio. The photon
counter has the advantage of improving the signal-to-noise ratio, because it has a discriminator to eliminate the background noise
from the Raman signal of the hydrogen gas. Therefore, a small and portable Raman lidar system was developed using a low-power
pulsed laser and a photon-counter system to measure the hydrogen gas concentration remotely. To verify the capability of
measuring hydrogen gas using the developed photon-counting Raman lidar system, experiments were carried out using a gas
chamber in which it is possible to adjust the hydrogen gas concentration. As a result, our photon-counting Raman lidar system
is seen to measure a minimum concentration of 0.65 vol.% hydrogen gas at a distance of 10 m.
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Table 1. Comparison of the specification of previously invented Raman lidar system!’

Privalov Ball Ninomiya KAERI
Low hydrogen gas limit (vol.%) 0.6 0.76 0.6 0.66
Laser max output energy (mlJ) 100 250 6 30
Wavelength (nm) 532 355 355 355
Repetition rate (Hz) 50 10 100 20
Telescope diameter (mm) 400 100 170 5
Detection distance (m) 2 50 13 30
Privalov 648 nm FWHM = 5 nm, 15 averaging data used
Ball Hi-pass filter 375, 385, 395 nm, 50 averaging data used
Remark Ninomiya Band-pass filter 416.3 nm, FWHM = 1.8 nm, 64 averaging data used
KAERI Band-pass filter 416 nm + 0.15 nm, 100 averaging data used
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Fig. 1. Principle of the photon counting process.
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Table 2. Specifications of developed photon counting Raman lidar system

Parameter Specification
Type Diode pumped laser (CryLas FTSS 355-Q2)
. Repetition rate 10 kHz
Transmitter
Pulse width 1 ns, Jitter + 2 ns
Energy 3 w at 355 nm (third harmonics)
Telescope diameter 75 mm
Band pass filter (416 nm) |416 nm + 0.15 nm (for hydrogen Raman signal)
Band pass filter (387 nm) |387 nm + 0.15 nm (for hydrogen Raman signal)
Optical receiver Alluxa, Cut-on Wavelength 409 nm + 3.0 nm
Dichroic beam-splitter Transmission band (415 to 850 nm > 95%, T average)
Reflection band (325 to 403 nm > 98%, R average)
Notch filter (355 nm) 355 nm + 10 nm
Photon counter FastComtec, MCS6A, Multiscaler, 1 Ch. trigger (Start Ch.), 3 input Ch. (Stop Ch.),
DAQ National instrument, NI - USB 6211 (PMT amplifier value control)
Electronics
PMT Hamamatsu R9880-U2 (PMT H, and PMT N, same)

Pre-amplifier Hamamatsu C6438-02
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Fig. 3. Photon counting results at 100 vol.% of hydrogen gas
concentration.
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Fig. 4. Results of the first experiment according to the variation
of the hydrogen gas concentration.
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Fig. 5. Results of the second experiment according to the variation
of the hydrogen gas concentration.

500000

450000
y = 4496.3x + 6897 4

400000 R?=10.9996

350000

300000

250000

200000

150000

—+Hydrogen Raman signal

Photon counting No.(No./100)

100000 — Linear trendline

50000

0

0 10 20 30 40 50 60 70 80 90 100
Hydrogen gas concentration (Vol.%)

Fig. 6. Results of the third experiment according to the variation
of the hydrogen gas concentration.

Table 3. Analysis results of the first experiment according to the
variation of the hydrogen gas concentration

Hy(:;;gen Photon hdere:l;:nggas Standard

. counting ) Error rate deviation
concentration No. concentration %)

(vol.%) (vol.%)

0.65 128.85 -0.08 -0.73 0.27
1.30 166.25 0.70 -0.60 0.21
3.25 270.65 2.88 -0.37 0.38
6.36 427.05 6.14 -0.23 0.30
12.99 769.55 13.28 0.29 0.57
19.48 1102.35 20.22 0.74 0.70
38.96 2057.20 40.13 1.17 0.80
58.44 2965.80 59.08 0.64 1.01
77.92 3881.70 78.18 0.25 1.37
100.00 4872.20 98.83 -1.17 1.58
Average - - 0.62 0.72

Table 4. Analysis results of the second experiment according to
the variation of the hydrogen gas concentration

Hy(:;;gen Photon hdere:l;:nggas Standard

. counting ) Error rate deviation
concentration No. concentration %)

(vol.%) (vol.%)

0.65 82.60 -0.04 -0.69 0.18
1.30 114.85 0.65 -0.65 0.19
3.25 214.10 2.80 -0.45 0.28
6.36 372.70 6.22 -0.14 0.40
12.99 692.85 13.13 0.14 0.65
19.48 1026.25 20.33 0.85 0.64
38.96 1931.05 39.86 0.90 0.97
58.44 2844.60 59.58 1.14 1.30
77.92 3708.95 78.24 0.31 1.33
100.00 4652.05 98.59 -1.41 1.52
Average - - 0.67 0.75

Table 5. Analysis results of the third experiment according to the
variation of the hydrogen gas concentration

Hy(:;;gen Photon hdere:l;:nggas Standard

. counting ) Error rate deviation
concentration No. concentration %)

(vol.%) (vol.%)

0.65 71.20 -0.07 -0.72 0.17
1.30 101.95 0.62 -0.68 0.22
3.25 189.90 2.59 -0.66 0.28
6.36 347.20 6.12 -0.25 0.46
12.99 673.85 13.44 0.45 0.31
19.48 980.95 20.32 0.84 0.51
38.96 1856.55 39.95 0.99 1.19
58.44 2721.65 59.35 0.91 1.22
77.92 3590.70 78.83 0.91 1.36
100.00 4514.60 99.54 -0.46 1.69
Average - - 0.69 0.74
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Table 6. Results of the average error rate and standard deviation
according to the experiment No.

Experiment No. 1 2 3
ffici f
Coeflicient of 0.9996 0.9995 0.9996
determination (R)
Average error rate 0.62 0.67 0.69
Standard deviation (%) 0.72 0.75 0.74
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