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SI-traceable Calibration of a Transmissometer for Meteorological Optical
Range (MOR) Observation
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This work demonstrates the indoor Sl-traceable calibration of a transmissometer with a 75-m baseline for the measurement of
visibility in MOR (Meteorological Optical Range). The calibration is performed using a set of neutral density (ND) filters (OD
0.1-2.5) and a set of high-transmission quartz glass plates (a bare quartz glass plate and antireflective-coated quartz glass plates),
the collection consisting of 20 artifacts in total. The luminous transmittance values of the reference artifacts had been calibrated
traceable to the KRISS spectral transmittance scale, which ranges from 0.2 % to 99.5 %. The transmissometer to be calibrated
typically consists of a loosely collimated light source based on a white LED (CCT ~5000 K) and a luminous intensity detector
with a CIE 1924 V(A) spectral response. As a result of calibration, we obtained the MOR error and its uncertainty for the
transmissometer in 20 m - 40 km of MOR. Based on the results, we investigated the applicability of the calibration method and
the conformity of the transmissometer to the ICAO’s (International Civil Aviation Organization) accuracy requirement for
meteorological visibility measurement. We expect that this work will establish the standard procedure for the Sl-traceable
calibration of a transmissometer.
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FIG. 1. Schematic diagram of the transmissometer to be calibrated
where the essential parts are only depicted. The symbols of S,
M, BS, L1, Wy, L,, W2, D, and B denotes an white LED of
CCT ~ 5000 K, a monitor photometer in the transmitter module,
a beam splitter, a projection lens in the transmitter module, a
window in the transmitter module, an imaging lens in the
receiver module, a window in the receiver module, a photometer
in the receiver module, and baseline (the distance between the
receiver module and the transmitter module) of about 75 m,
respectively. The diameter of light cone from the transmitter is
25 mm at the vicinity of the transmitter window, or 1000 mm at
the vicinity of the receiver window.
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FIG. 2. Schematic diagram of the reference instrument for spectral
transmittance measurement maintained by KRISS which constitutes
one of the national measurement standards related to the material
color related quantities. The system is composed of a light source
module composed of a Hg/Xe discharge lamp and a tungsten
halogen lamp, a double monochromator, a set of collimating optics,
a sample mount on an automatic translator, and a silicon photodiode
trap detector.
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FIG. 3. Spectral transmittance values of 20 reference artefacts
measured using the reference spectral transmittance measuring
instrument. In this figure, the spectral transmittance curves are
presented in the descending order of luminous transmittance
value, whose luminous transmittance values and MOR values are
tabulated in Table 1 and Table 2.
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TABLE 1. Luminous transmittance calibration results of the 75 m-baseline transmissometer. The results are tabulated in the descending order

of luminous transmittance value: REF transmittance values and their combined standard uncertainties in “REF Artefacts” column, DUT

transmittance values and their combined uncertainties in “DUT transmissometer” column, and errors (DUT-REF) and their expanded

uncertainties (kK = 2) in “Calibration results” column

Reference REF Artefacts DUT Transmissometer Calibration results
Artefacts Transmittance Standard Transmittance Standard Error Uncertainty
uncertainty uncertainty (DUT-REF) k=2
BBS 99 99.5 % 0.11 % 994 % 0.10 % -0.01 % 0.30 %
BBAR2 99.2 % 0.11 % 99.2 % 0.10 % 0.01 % 0.30 %
BBS 97 97.8 % 0.11 % 97.8 % 0.10 % -0.04 % 0.29 %
BBS 95 96.2 % 0.11 % 96.1 % 0.10 % -0.03 % 0.29 %
BBARI 953 % 0.11 % 953 % 0.10 % 0.00 % 0.28 %
Quartz 932 % 0.11 % 932 % 0.09 % -0.01 % 0.28 %
OD 0.1 80.4 % 0.09 % 80.3 % 0.08 % -0.07 % 0.24 %
OD 0.15 71.0 % 0.08 % 70.8 % 0.07 % -0.17 % 022 %
OD 0.2 64.2 % 0.07 % 64.2 % 0.07 % -0.02 % 0.20 %
oD 0.3 50.9 % 0.06 % 50.9 % 0.06 % 0.03 % 0.16 %
OD 0.4 40.7 % 0.05 % 40.7 % 0.05 % -0.03 % 0.13 %
oD 0.5 333 % 0.04 % 334 % 0.04 % 0.13 % 0.11 %
OD 0.6 26.1 % 0.03 % 26.2 % 0.04 % 0.11 % 0.10 %
oD 0.7 21.1 % 0.04 % 212 % 0.03 % 0.09 % 0.08 %
OD 0.9 12.8 % 0.02 % 12.8 % 0.02 % -0.04 % 0.05 %
oD 1.0 9.15 % 0.01 % 8.93 % 0.02 % -0.19 % 0.04 %
oD 1.3 4.52 % 0.01 % 433 % 0.01 % -0.17 % 0.02 %
oD 1.5 272 % 0.00 % 2.54 % 0.01 % -0.18 % 0.02 %
OD 2.0 0.86 % 0.00 % 0.76 % 0.01 % -0.10 % 0.01 %
oD 2.5 0.23 % 0.00 % 0.20 % 0.01 % 0.04 % 0.01 %
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TABLE 2. MOR calibration results of the 75 m-baseline transmissometer. The results are tabulated in the descending order of MOR value:

REF MOR values and their combined standard uncertainties in

“REF Artefacts” column, DUT MOR values and their combined uncertainties
in “DUT transmissometer” column, and errors (DUT-REF) and their expanded uncertainties (k = 2) in “Calibration results”

column

REF Artefacts DUT Transmissometer Calibration results
Reference
Artefacts MOR (m) Standérd MOR (m) Standafd Error Uncertainty
uncertainty uncertainty (DUT-REF) k=2

BBS 99 413674 8431.9 40471.9 7337.1 -895.5 22354.5

BBAR2 29250.0 4225.1 29515.3 3875.0 265.3 11466.0

BBS 97 10310.0 5324 10144.7 458.6 -165.3 1405.4

BBS 95 5691.7 165.2 5654.0 142.5 -37.7 436.2

BBARI 4665.3 106.9 4673.4 97.3 8.1 289.0

Quartz 3203.3 51.38 3203.8 45.8 0.5 137.7

OD 0.1 1026.5 5.28 1024.9 4.7 -1.5 14.2

oD 0.15 655.5 2.17 652.5 2.0 -3.0 5.8

OD 0.2 506.7 1.30 507.6 1.2 0.9 3.6

OD 0.3 3323 0.57 3334 0.6 1.1 1.7

oD 0.4 249.8 0.33 250.2 0.4 0.4 1.1

OD 0.5 204.1 0.22 205.3 0.4 1.2 0.9

OD 0.6 167.3 0.15 168.2 0.3 0.9 0.7

OD 0.7 144.4 0.12 145.2 0.3 0.8 0.7

oD 0.9 109.4 0.07 109.5 0.3 0.1 0.6

oD 1.0 93.7 0.06 93.1 0.3 -0.6 0.6

OD 1.3 72.4 0.04 71.7 0.3 -0.7 0.6

OD 1.5 62.3 0.03 61.3 0.3 -1.0 0.6

oD 2.0 472 0.02 46.1 0.3 -1.1 0.6

OD 2.5 37.0 0.02 36.1 0.3 -0.9 0.7
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