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Abstract: To overcome the limitations of existing multi-baseline gas transmittance meters, including inad-
equate stability, difficulty in maintaining optical-path alignment accuracy, high cost, and limited compact-
ness, a gas transmittance meter is proposed that enables stable multi-baseline switching within a confined
space while sharing a single receiver. Based on time-spectral multiplexing, an integrated multi-wavelength
filled-aperture laser is combined with optical components, including beam splitters and broadband reflec-

tors, to construct folded optical paths with multiple baselines. Distinct wavelengths are gated in separate
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time slots to realize stable baseline switching. The multi-wavelength signals are spatially combined into a

single optical path and detected by a single receiver for gas transmittance calculation. Experimental results

demonstrate that, under comprehensive conditions incorporating errors from both the transceiver system

and local components, the proposed multi-baseline system reduces gas-transmittance indication errors from
1.99% and 25.58% in a single-baseline system to within 0. 38% and 7.23% in low- and high-transmit-

tance tests, respectively. These results indicate effective suppression of system attenuation and local inter-

ference, providing a practical solution for accurate monitoring under complex meteorological conditions.
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Fig. 1 Multiple baselines atmospheric transmittance meter based on time-spectrum multiplexing combination(M denotes an

optical lens, such as M1 indicating the first optical lens)
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Tab.2 Various transmittance gauges test results of single baseline system under system error

(%)

Experiment se-

8. 60% neutral density filter

81. 30% neutral density filter

quence number Measured transmittance

Indication error

Measured transmittance Indication error

1 7.06
2 7.08
3 7.05
4 7.03
5 7.06
6 7.04
7 7.02
8 7.00
9 7.06
10 7.10

1.
1.
1.

54 66. 10 15.20
51 66.17 15.13
55 65.92 15.38
.57 66. 22 15.08
.54 66. 40 14. 90
.56 66. 30 15.00
.58 66. 38 14.92
.60 66.03 15.27
54 66. 37 14.93
50 66.62 14.68

R3 BREFRETSELRGESHEHEEETHERIIKER

Tab.3 Various transmittance gauges test results of multiple baselines system under system error

(%)

Experiment se-

8.60% neutral density filter

81. 3% neutral density filter

quence number Measured transmittance

Indication error

Measured transmittance Indication error

1 8. 66
2 8. 68
3 8.53
4 8.55
5 8.62
6 8.59
7 8. 66
8 8.53
9 8.52

10 8.61

—0.06 81.27 0.03
—0.08 81.51 —0.21
0.07 81.74 —0.44
0.05 81.03 0.27
—0.02 81.52 —0.22
0.01 81.34 —0.04
—0.06 81. 06 0.24
0.07 80. 94 0.36
0.08 80. 94 0. 36
—0.01 80.99 0.31
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Fig. 3 Various transmittance gauges performance comparison of single baseline and multiple baselines systems under sys-

tem error
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Tab.4 Various transmittance gauges test results of single baseline system under optical component deviation (%)

Experiment se-

8.60% neutral density filter

81.30% neutral density filter

quence number Measured transmittance

Indication error

Measured transmittance Indication error

1 8.08
2 8.12
3 8.04
4 7.97
5 8.13
6 8.08
7 8.16
8 8.19
9 8.10
10 8.06

0.

o
(@]

© o o o o o o o

52

.48

56
63
47
52
44
41
50

.54

68. 86 12.44
68.95 12.35
68.90 12.40
68.94 12.36
69.43 11. 87
69.21 12.09
69.05 12.25
69. 04 12.26
68. 84 12.46
68. 61 12.69

5 AFERRETSELREESHEN L BA TOMENLER

Tab.5 Various transmittance gauges test results of multiple baselines system under optical component deviation ( %)

Experiment se-

8. 6% neutral density filter

81. 3% neutral density filter

quence number Measured transmittanc

Indication error

Measured transmittance Indication error

1 8.31
2 8.32
3 8.35
4 8.31
5 8.34
6 8.40
7 8. 34
8 8.39
9 8.25
10 8.24

.29

0.28

25
29
26
20

. 26
.21
.35

. 36

74.65 6.65
74.67 6.63
74.88 6.42
74.69 6.61
74.55 6.75
74.45 6.85
74.99 6.31
74.45 6.85
75.13 6.17
74.72 6.58
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Fig.4 Various transmittance gauges performance comparison of single baseline and multiple baselines systems under opti-

cal component deviation

x6

SARETRELRGESHEFLEETHERMKER

Tab. 6 Various transmittance gauges test results of single baseline system under composite errors

(%)

Experiment se-

quence number

8.60% neutral density filter

81.30% neutral density filter

Measured transmittance

Indication error

Measured transmittance Indication error

1 6.67
2 6.66
3 6.63
4 6.61
5 6. 64
6 6.67
7 6.66
8 6.62
9 6.69
10 6.68

1.
.94
.97

—_ = = = e e e

93

99
96

.93

94

.98

91

.92

56.02 25.28
56.13 25.17
56.01 25.29
56.15 25.15
56. 27 25.03
56.13 25.17
56. 31 24.99
55.72 25.58
55.78 25.52
56. 14 25.16
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Tab.7 Various transmittance gauges test results of multiple baselines system under composite errors (%)

Experiment se-

quence number

8. 6% neutral density filter

81. 3% neutral density filter

Measured transmittance

Indication error

Measured transmittance Indication error

1 8.32 0.28 74.50 6. 80
2 8.29 0.31 74.49 6.81
3 8.33 0.27 74.67 6.63
4 8.39 0.21 74.65 6.65
5 8. 44 0.16 74.38 6.92
6 8.35 0. 20 74.28 7.02
7 8.30 0.30 74.98 6.32
8 8.22 0. 38 74.07 7.23
9 8.42 0.18 74.90 6. 40
10 8.29 0.31 74.82 6.48
10 3.0
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Fig.5 Various transmittance gauges performance comparison of single baseline and multiple baselines systems under com-

posite errors
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