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Abstract 

 

The aim of this paper is to describe a bilateral comparison carried out by the hygrometry laboratories of the National 

Metrological Institutes of Brazil and Argentina, INMETRO and INTI, respectively. The comparison, registered as a 

bilateral key comparison of the Inter American Metrology System (SIM) as SIM.T-K6.7 – INMETRO/INTI, was 

performed in the range from -30 ºC to 60 ºC of dew/frost-point temperatures. This paper presents the facilities of the 

laboratories, the measurement procedures, the uncertainty analysis, the compatibility of the measurement results (by 

means of the normalised error and by the degree of equivalence) and the degree of equivalence for the dew-point 

temperatures 1 ºC and 20 ºC between INTI and the CCT-K6 key comparison reference value by means of a previous 

comparison between INMETRO and the National Institute of Standards and Technology (NIST). 
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1. INTRODUCTION 

 

At a meeting held in Paris on October 1999, the directors of the National Metrology Institutes (NMIs) of thirty-eight 

Member States of the Bureau International des Poids et Mesures (BIPM) and representatives of two international 

organizations signed a Mutual Recognition Arrangement (MRA) for national measurement standards and for 

calibration and measurement certificates issued by NMIs. A number of other institutes have signed since then. The 

MRA gives users reliable information on the comparability of national metrology services and provides the technical 

basis for arrangements negotiated for international trade, commerce and regulatory affairs [1]. Hence, comparison of 

reference standards between NMIs became very important. 

 

At its 20th meeting on April 2000, the Consultative Committee for Thermometry (CCT) called for a key comparison 

on humidity standards to be conducted by all major NMIs. It was asked CCT Working Group for Humidity (WG-Hu) 

to draw up a technical protocol for an International Committee on Weights and Measures (CIPM) key comparison 

named “CCT-K6”. For each nominal comparison point, a key comparison reference value (KCRV) was calculated. 

In this key comparison, the National Physical Laboratory (NPL, UK) and the National Metrology Institute of Japan 

(NMIJ) were chosen to be the pilot laboratory and assistant pilot laboratory, respectively, and the National Institute 

of Standards and Technology (NIST, USA) was one of the participants [2]. 

 

The National Institute of Metrology, Quality and Technology (INMETRO, Brazil) did not participate in CCT-K6. 

Therefore, to relate the humidity standards of INMETRO to those of the CCT-K6 participants, a Regional Metrology 

Organization (RMO) key comparison of dew/frost-point temperature was carried out by INMETRO and NIST from 

October 2009 to March 2010. The bilateral comparison, designated as SIM.T-K6.3, was piloted by NIST and 

followed the same technical procedures as for the CCT-K6, except that only one transfer standard was used and the 

dew/frost-point temperature range was changed from -50 °C to 20 °C to -30 °C to 20 °C [3]. 

 

Besides the bilateral comparison with NIST, INMETRO had one with the National Institute of Metrological Research 

(INRIM, Italy) in 2006 in the dew/frost-point temperature range from -40 °C to 40 °C [4] and another one with the 

National Institute of Industrial Technology (INTI, Argentina) from September to November 2010 in the dew/frost-

point temperature range from -20 °C to 60 °C [5]. However, in 2017, INMETRO and INTI decided to repeat the 

comparison, extending the range to -30 °C of frost-point temperature, and to link some of INTI’s results to CCT-K6 

KCRV by means of the comparison between INMETRO and NIST. 
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The aim of this work is to describe the bilateral comparison, designated as SIM.T-K6.7, carried out by the hygrometry 

laboratories of INMETRO and INTI from March to April 2017 in six comparison points in the dew/frost-point 

temperature range from -30 ºC to 60 ºC. The comparison was piloted by INMETRO, and as transfer standard a 

chilled-mirror hygrometer (CMH) was used. The technical protocol of this bilateral key comparison is presented in 

Appendix 1. 

 

The measurements started at INMETRO by comparison of the transfer standard readings with those indicated by a 

standard CMH. The air samples were generated by a home-made dew-point generator and a working humidity 

generator equipped with a climatic chamber where the sensor of the transfer standard was positioned. The transfer 

standard was then hand-carried to INTI, where it was also calibrated inside the climatic chamber of the primary 

humidity generator. After returning to INMETRO’s laboratory, measurements were repeated in order to check the 

CMH stability and to obtain a larger data sample since the beginning of the calibration. 

 

For both laboratories, this paper presents their facilities, the measurement procedures, the uncertainty analysis, the 

compatibility of their measurement results (by means of the normalised error and by the degree of equivalence) and 

the degree of equivalence (DoE) for the for the dew-point temperatures 1 ºC and 20 ºC between INTI and the CCT-

K6 key comparison reference value (KCRV) by means of a previous bilateral comparison between INMETRO and 

the National Institute of Standards and Technology (NIST, USA). 

 

 

2. PARTICIPANTS 

 

The participants of the bilateral comparison and their contact information are described below: 

 

 Instituto Nacional de Metrologia, Qualidade e Tecnologia (INMETRO) 

 Address: Av. Nossa Senhora das Graças, 50 – Xerém – Duque de Caxias – RJ – Brasil – CEP: 25250-020 

 Contact: Júlio Dutra Brionizio 

 Phone: +55 21 2679 9066 

 E-mail: jdbrionizio@inmetro.gov.br 

 

 Instituto Nacional de Tecnología Industrial (INTI) 

 Address: Av. General Paz, 5445 – San Martín – Buenos Aires – Argentina – B1650WAB 

 Contact: Javier García Skabar 

 Phone: +54 11 4724 6200/300/400 

 E-mail: jskabar@inti.gob.ar 

 

 

3. FACILITIES OF THE LABORATORIES 

 

The humidity laboratory of INMETRO has five standard CMHs of which three have been extensively calibrated in 

designated institutes and NMIs, such as NPL, CETIAT (Centre Technique des Industries Aérauliques et Thermiques), 

E+E Elektronik and MBW Calibration, in the dew/frost-point temperature range from -75 ºC to 90 ºC. 

 

For the generation of air samples, the humidity laboratory of INMETRO has four commercial humidity generators: 

(i) a Michell divided-flow generator, model DG-4, which works in the dew/frost-point temperature range from -75 ºC 

to 20 ºC. In this equipment, dried gas is divided into two streams of which one passes through a water saturator and 

is mixed with the other stream to produce a certain gas sample. Dew/frost-point temperatures can be selected via a 

front panel keypad, through factory pre-set values, or by manually mixing the wet and dry gases by means of 

metering valves mounted on its front panel; (ii) a Thunder Scientific two-pressure humidity generator, model 

2500ST, which works in the relative humidity range from 10 %rh to 95 %rh and temperature range from -10 °C to 

70 C. This equipment will be soon characterized as one more reference standard of the laboratory, in the dew/frost-

point temperature range from -35 °C to 68 °C, by means of temperature and pressure measurements in the saturator 

and in the chamber of the equipment; (iii) and two Weiss Technik climatic chambers, models SB2-300 and WK3-

340/40, that have a relative humidity operating range from 10 %rh to 98 %rh in the range from 10 ºC to 95 ºC. The 

laboratory also has a home-made dew/frost-point generator which has been studied and developed to work as its 

reference standard. 

 

The humidity standard of INTI is a two pressure primary humidity generator. It is a commercial equipment, Thunder 

Scientific 2500 LT, serial number 0607577 humidity range is 10 %rh to 95 %rh and temperature range is -10 ºC to 

70 ºC. This is approximately -35 ºC to 65 ºC in dew-point temperature. The two pressures principle for generating 

humidity air samples is a process that involves, first the saturation of an air sample at one pressure and then the 

decompression of this sample to produce an air sample with less humidity [6, 7]. 

mailto:jdbrionizio@inmetro.gov.br
mailto:jskabar@inti.gob.ar
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Figure 1 – Principle of INTI’s Humidity Standard 

 

The humidity value of the generated air sample is determined by the measurements of saturator pressure, sample 

chamber pressure, saturator temperature and sample chamber temperature using Equation (1) or (2) [6, 7, 8]. 
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Where, 

rh(%) – Relative humidity; 

tdew – Dew point temperature; 

ew (t) – Vapor pressure; 

f (P, t) – Enhancement factor; 

Px – Pressure (x = s: saturator, c: chamber); 

tx – Temperature (x = s: saturator, c: chamber). 

 

The Thunder Scientific 2500 LT is commanded via a front panel or via RS232 port by software 2500 ControlLog for 

control and data acquisition. In this generator it is only possible to control the saturator pressure and the saturator 

temperature. The sample chamber is at atmospheric pressure and at the same temperature as the saturator. The value 

of the relative humidity or dew-point temperature is showed in the front panel or via software. The pressure and 

temperature measurements are traceable to SI. Both sensors are calibrated at INTI with traceability at the temperature 

and pressure national standards. 

 

The INTI humidity lab also has two instruments as secondary standards and a climatic chamber: a Vaisala HM70 

with a probe HMP77B capacitive hygrometer, an Almemo FNA846 aspirated psychrometer and a Weiss SB1/300/40 

climatic chamber. These are used in the calibration services and tests. 

 

 

4. TRANSFER STANDARD 

 

As transfer standard, a CMH belonging to INMETRO was used. CMHs are considered as one of the most accurate 

and reliable methods of measuring dew/frost-point temperatures. This kind of instrument has been widely used as 

reference standards in calibration laboratories and as transfer standards in comparisons of humidity national 

standards. 

 

It was used a CMH manufactured by Michell Instruments, model Optidew Vision, serial numbers 118931 (display) 

and 118849 (sensor), which can operate in the range from -60 ºC to 90 ºC of dew/frost-point temperature. The 

hygrometer control unit is separated from the dew-point sensor. The latter can thus be mounted in several ways to 

suit the purpose. A software program allows its control and the data acquisition. In order to prevent any loss of 

measurement accuracy due to mirror contamination, the hygrometer uses an automatic compensation system based 

on a self-learning prediction algorithm which adjusts the operating conditions in order to achieve optimal 

performance at all times. 
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5. MEASUREMENT PROCEDURES 

 

A total of six humidity points were used for the comparison. Four dew-point temperatures at nominal values of 1 °C, 

20 ºC, 40 °C and 60 °C and two frost-point temperatures at nominal values of -30 °C and -20 °C. The nominal value of 

1 °C represents the range near 0 °C while being far enough above it to avoid ambiguities that can arise around the 

freezing point of water. 

 

For the dew/frost-point temperature values of -30 °C, -20 °C and 1 ºC, the gas sample generated by a participant's 

generator could be introduced into the inlet of the sensor housing of the transfer standard or the sensor could be placed 

directly in the chamber of the generating system without its housing. For the dew-point temperatures values of 20 °C, 

40 ºC and 60 °C, the sensor of the transfer standard should be placed directly in the chamber of the generating system 

without its housing, and with chamber temperature from 10 ºC to 30 ºC above the dew-point temperature. 

 

At both institutes, for all the six comparison points, four measurement runs were carried out in order to quantify the 

effect of any irreproducibility of the transfer standard. For each run, the condensate was cleared and re-formed and at 

least ten measurements were taken over a period of 10 to 20 minutes. 

 

5.1. Measurements at INMETRO 

 

The air samples were generated by the home-made dew/frost-point generator for the frost-point temperature of -30 °C 

and by one of the climatic chambers (WK3-340/40) for the dew/frost-point temperatures of -20 °C, 1 ºC, 20 °C, 40 °C 

and 60 °C. For all the points, the reference dew/frost-point temperature values were indicated by a standard CMH 

(MBW 373LHX identified as PR 004) which is traceable to MBW Calibration (designated institute for humidity in 

Switzerland). Another standard CMH (MBW 373 identified as PR 002), which is traceable to CETIAT, was also 

used. The measurements of PR 002 and PR 004 were compared in many opportunities, and the compatibility 

between them (determined by means of the normalized error) was confirmed in all the cases. 

 

When using the climatic chamber, the sensor of the transfer standard was positioned approximately in the centre of 

the equipment. Air samples from the chamber were brought to the measurement head of the standard hygrometer PR 

004 by means of its internal diaphragm pump, or by an external suction pump, and a heated hose. The hose inlet was 

placed near the sensor of the transfer standard. The gas flow rate in the standard hygrometer was set from 0.7 l/min 

to 1 l/min. For the dew/frost-point temperatures of -20 ºC and 1 ºC, the hose, the internal tubing and the measurement 

head of the standard hygrometer PR 004 were kept at room temperature (21 ºC). For the dew-point temperatures of 

20 ºC, 40 ºC and 60 ºC, in order to prevent any condensation, the devices were heated from 10 ºC to 25 ºC above the 

actual dew-point temperature.  

 

For the frost-point temperature of -30 ºC, the sensor of the transfer standard was housed into a stainless steel 

sampling device which was thermally insulated. The device was then connected to the home-made dew/frost-point 

generator by means of stainless steel tubes. Pre-saturated gas was supplied to the home-made dew/frost-point 

generator by means of a commercial dew-point generator (Michell Intruments, model DG-4). The gas flow rate was 

set to approximately 1 l/min. The system operated in the open circuit mode. The sampling device with the transfer 

standard sensor was cooled to approximately 1 ºC by means of a water/ethanol mixture supplied by a circulating 

thermostatic bath. Before performing the measurements, the acquisition system was purged for about 10 hours. 

 

The calibration systems were considered stable and ready for beginning the data acquisition when, after a long  period 

of time, the dew/frost-point measurements of the standard and transfer CMHs varied constantly within a fixed 

measuring range, which means that the hygrometers were in the steady state condition. The standard and transfer 

CMHs varied roughly within the range of 0.05 ºC and 0.30 ºC (for the frost-point temperature of -30 ºC) and 0.20 ºC 

and 0.30 ºC (for the frost-point temperature of -20 ºC), respectively. For the dew-point temperatures, the standard 

hygrometer varied within the range of 0.10 ºC and the transfer hygrometer varied within the range of 0.10 ºC (for the 

values of 0 ºC , 20 ºC and 60 ºC) and 0.30 ºC (for the value of 40 ºC). Nevertheless, in many calibration points 

(measurement runs), the readings of the hygrometers varied within a smaller range than those described previously. 

These measurement variations of both hygrometers were simultaneously monitored by means of graphics plotted by 

their software. In order to assure that the standard and transfer CMHs were in the steady state condition, it was 

checked in the graphics of the instruments that their readings had been varying constantly within the measuring range 

for at least 15 minutes before the 20 minutes of the measurement run.  
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Figure 2 – Transfer Standard Sensor Connected at the Dew/Frost-Point Generator of INMETRO 

 

5.2. Measurements at INTI 

 

The measurements were performed in the chamber of the generator. All points were measured with a sensor transfer 

placed in the centre of the chamber and a chamber temperature sensor placed beside it. Several positions of the 

sensor transfer were tested in order to avoid the effects of the high flux of air over the mirror. The air flux of 

generator was tested at 10 l/min, 15 l/min and 20 l/min, and no differences were found. The air flux wasn't measured 

at the instrument; these were different operating conditions of the generator. 

 

In all cases the saturator temperature, that is approximately the same as the chamber temperature, was set at 8 ºC or 

more over the dew-point temperature of the generated sample to avoid any kind of condensation. 

 

The standard generator of INTI was adjusted at each comparison point and its measurements, together with those of 

the transfer CMH, were continuously acquired over a long period of time. For the frost-point temperatures of -30 ºC 

and -20 ºC, the generator was around 16 hours in the steady state condition in each point. The transfer CMH was 

programed to perform a new frost formation at each 3 hours, in order to acquire several repetitions of the same set 

point. Previous experiences using this instrument show that this period of time is enough to reach the maximum 

stability. The data were posteriori analysed. In order to compare measurements of the transfer CMH and the standard 

generator, periods of 20 minutes were generally selected before a new frost formation, where the dispersion of the 

transfer CMH measurements was minimum. For the dew-point temperatures, the generator was around 7 hours in the 

steady state condition in each point. For the repetitions, new dew formations on the mirror of the transfer CMH were 

manually induced after 1 hour of stable measurements, which means time interval in which the indications of the 

instrument did not change more than 0.2 ºC. The data were posteriori analysed using the same criteria of the frost-

point temperatures. The measurement variations of both instruments were simultaneously monitored by means of 

graphics plotted by their software, in order to verify the steady state condition of them. The standard generator was 

considered in the steady state condition when its dew/frost-point measurements varied within 0.05 ºC or less. 

 

Only the raw measurements of saturator pressure, chamber pressure and saturator temperature were used. The 

reference values of dew-point temperature were calculated with a home-made software. This software was validated 

satisfactorily with Control Log and other commercial software. The uncertainty of the reference dew-point temperature 

was calculated by classical uncertainty propagation and checked by simulation of distributions [7, 8, 9, 10]. 

 

 

Figure 3 – Transfer Standard Sensor Inside of the Chamber of INTI Primary Generator 
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6. MEASUREMENT DATA AND UNCERTAINTIES 

 

For each nominal comparison point, four measurement runs were performed resulting in four mean values for the reference 

standard readings (rS) and four mean values for the transfer standard readings (tS). Table 1 presents these values for 

INMETRO and INTI. 

 

Table 1 – Mean Values of the Measurements for the Four Runs (in °C) 

  
INMETRO INTI 

-30 
rS -30.25 -30.24 -30.24 -30.24 -29.83 -29.86 -29.85 -29.85 

tS -29.59 -29.57 -29.52 -29.61 -29.25 -29.31 -29.31 -29.39 

-20 
rS -20.20 -20.17 -20.12 -20.23 -19.94 -19.94 -19.93 -19.92 

tS -19.80 -19.75 -19.75 -19.82 -19.51 -19.37 -19.37 -19.51 

1 
rS 0.92 0.92 0.98 1.02 1.12 1.11 1.11 1.11 

tS 1.19 1.19 1.27 1.30 1.50 1.40 1.40 1.40 

20 
rS 20.07 20.10 20.11 20.13 20.16 20.17 20.16 20.15 

tS 20.30 20.31 20.32 20.34 20.40 20.30 20.30 20.30 

40 
rS 40.11 40.13 40.14 40.16 40.16 40.17 40.16 40.18 

tS 40.39 40.37 40.42 40.43 40.40 40.40 40.40 40.40 

60 
rS 60.17 60.17 60.22 60.21 59.97 59.95 59.92 59.91 

tS 60.50 60.50 60.54 60.52 60.20 60.20 60.16 60.16 

 

For each nominal comparison point, it was calculated the average of the four mean values of the reference standard 

readings (RS), the average of the four mean values of the transfer standard readings (TS) and the correction (C), which 

is the difference between Rs and Ts. These values are presented in Table 2 for both institutes. 

 

Table 2 – Average of the Mean Values and Corrections (in °C) 

 
INMETRO INTI 

RS TS C RS TS C 

-30 -30.24 -29.57 -0.67 -29.85 -29.32 -0.53 

-20 -20.18 -19.78 -0.40 -19.93 -19.44 -0.49 

1 0.96 1.24 -0.28 1.11 1.43 -0.32 

20 20.10 20.32 -0.22 20.16 20.33 -0.17 

40 40.14 40.40 -0.26 40.17 40.40 -0.23 

60 60.19 60.52 -0.33 59.94 60.18 -0.24 

 

Based on the Guide to the Expression of Uncertainty in Measurement [11], the laboratories calculated the measurement 

uncertainty at each comparison point. The combined standard uncertainty (uc) was calculated using Equation (3) 

below: 
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Where, 

u1 – Standard uncertainty associated with the reference standard (based on a normal distribution); 

u2 – Standard uncertainty due to the resolution of the transfer CMH (based on a rectangular distribution); 

u3 – Standard uncertainty associated with the repeatability of the transfer CMH (based on a normal distribution); 

u4 – Standard uncertainty associated with the reproducibility of the transfer CMH (based on a rectangular distribution). 

 

At INMETRO, the standard uncertainty of the reference standard (u1), calculated using Equation (4), is composed by 

the following uncertainty sources: calibration of the standard CMH (ucal), resolution (ures), drift between successive 

calibrations (udrift), repeatability of measurements (urep) and fitting of the correction curve (ufit). The uncertainty 

values were divided by a divisor according to the assumed probability distributions.  

 

22222
1 fitrepdriftrescal uuuuuu    (4) 

 

An uncertainty budget for INMETRO standard is presented in Table 3. 
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Table 3 – Uncertainty Budget for INMETRO standard (in °C) 

 ucal ures udrift urep ufit u1 

-30 0.035 0.003 0.016 0.001 0.010 0.040 

-20 0.025 0.003 0.016 0.017 0.010 0.036 

1 0.025 0.003 0.016 0.007 0.010 0.032 

20 0.025 0.003 0.016 0.002 0.010 0.032 

40 0.025 0.003 0.016 0.001 0.010 0.031 

60 0.035 0.003 0.016 0.002 0.010 0.040 

 

At INTI, the standard uncertainty of the reference standard is derived from the uncertainty of the primary generator. 

An uncertainty budget for INTI standard is presented in Appendix 1. 

 

In both laboratories, the measurement repeatability and reproducibility were considered as uncertainty sources of the 

transfer standard. The repeatability reflected the ability of the instrument to replicate measurements during the data 

acquisition of a measurement run (short-term stability), while the reproducibility demonstrated the dispersion of the 

mean values of the four measurement runs. For each comparison point, the experimental standard deviation of the 

mean of each run was calculated, and the highest value was adopted as the standard uncertainty associated with the 

repeatability (u3). Four correction values (differences between rs and ts) could also be calculated to each comparison 

point. The half of the difference between the highest and the lowest values was adopted as the standard uncertainty 

associated with the reproducibility (u4).   

 

Table 4 shows the standard uncertainty sources and the combined uncertainties for both institutes. 

 

Table 4 – Standard Uncertainty Sources and Combined Uncertainties (in °C) 

 
INMETRO INTI 

u1 u2 u3 u4 uc u1 u2 u3 u4 uc 

-30 0.040 0.029 0.016 0.026 0.058 0.058 0.029 0.115 0.035 0.137 

-20 0.036 0.029 0.025 0.014 0.054 0.047 0.029 0.088 0.046 0.114 

1 0.032 0.029 0.011 0.006 0.045 0.039 0.029 0.000 0.026 0.055 

20 0.032 0.029 0.003 0.006 0.044 0.031 0.029 0.000 0.032 0.053 

40 0.031 0.029 0.004 0.012 0.044 0.038 0.029 0.000 0.006 0.048 

60 0.040 0.029 0.003 0.006 0.050 0.052 0.029 0.050 0.006 0.077 

 

The measurement expanded uncertainty (U) was calculated by multiplying the combined standard uncertainty (uc) by 

a coverage factor (k) equals two, which corresponds to a confidence interval of approximately 95%. Table 5 presents 

the uncertainties at the comparison points for each participating laboratory. 

 

Table 5 – Measurement Uncertainties (in °C) 

 

T 
INMETRO INTI 

uc U uc U 

-30 0.058 0.12 0.137 0.27 

-20 0.054 0.11 0.114 0.23 

1 0.045 0.09 0.055 0.11 

20 0.044 0.09 0.053 0.11 

40 0.044 0.09 0.048 0.10 

60 0.050 0.10 0.077 0.15 

 

Figure 4 presents the corrections at INMETRO and INTI. The vertical error bar associated with each measurement 

point represents the expanded uncertainty listed in Table 5. 

 



8/31 

 

 
Figure 4 – Corrections and Associated Expanded Uncertainties 

 

 

7. DRIFT OF THE TRANSFER STANDARD 

 

The first comparison between laboratory humidity standard and transfer standard was made at INMETRO in March 

2017. One month later, the transfer standard was hand-carried to INTI for performing the comparison measurements, 

and afterwards it was hand-carried to INMETRO. By the end of April, four of the six humidity points were repeated 

at INMETRO using the same procedures of the first comparison. 

 

Drift of the transfer standard during the course of the INMETRO-INTI comparison could be estimated by examining 

the measurements at the dew/frost-point temperatures performed at INMETRO in March and April 2017. For both 

measurements, Table 6 presents the average of the four mean values of the reference standard readings (RS), the 

average of the four mean values of the transfer standard readings (TS), the corrections (C) and the drifts of the 

transfer CMH (d), which was estimated as the difference between the corrections obtained in March and April. 

 

Table 6 – Measurements Performed at INMETRO for Drift Evaluation (in ºC) 

 
March 2017 April 2017 

d 
RS TS C RS TS C 

-20 -20.18 -19.78 -0.40 -20.09 -19.78 -0.31 -0.09 

1 0.96 1.24 -0.28 1.12 1.25 -0.13 -0.15 

40 40.14 40.40 -0.26 40.16 40.40 -0.24 -0.02 

60 60.19 60.52 -0.33 60.18 60.54 -0.36 0.03 

 

The absolute difference between the corrections obtained in March and April varied from 0.02 to 0.15 ºC. It is quite 

possible that these differences are due to reproducibility uncertainty rather than to drift. However, the laboratories 

decided to add a type B uncertainty component due to the possibility of transfer standard drift in the uncertainty 

budget of the bilateral comparison.  

 

 

8. NORMALISED ERROR 

 

The compatibility of the measurement results of both laboratories was analysed by means of the normalised error 

(En) as a function of the dew/frost-point temperature. A comparison measurement is satisfactory when its En is equal 

or lower than one [12]. En numbers were calculated according to the Equation (5) below. 
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The dew/frost-point temperatures of -30 ºC and 20 ºC were not repeated when the transfer CMH returned to INMETRO. 

Thus, for the frost-point temperature of -30 ºC, it was adopted the drift found at the frost-point temperature of -20 ºC 
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and, for the dew-point temperature of 20 ºC, the drift value was interpolated between those found at the dew-point 

temperatures of 0 ºC and 40 ºC. 

 

Table 7 shows the differences between the corrections of INMETRO and INTI (CINMETRO and CINTI, respectively), the 

expanded uncertainties of INMETRO and INTI (UINMETRO and UINTI, respectively) with k = 2, the drifts of the transfer 

CMH (d) and the En numbers of all the comparison points. 

 

Table 7 – En Numbers 

 CINMETRO  - CINTI UINMETRO UINTI d En 

-30 -0.14 0.12 0.27 -0.09 0.5 

-20 0.09 0.11 0.23 -0.09 0.3 

1 0.04 0.09 0.11 -0.15 0.2 

20 -0.05 0.09 0.11 -0.09 0.3 

40 -0.03 0.09 0.10 -0.02 0.2 

60 -0.09 0.10 0.15 0.03 0.5 

 

 

9. DEGREE OF EQUIVALENCE 

 

The degree of equivalence (DoE) between participants i and j is determined by the pair of values (Di / j, U(Di / j)) using:  

 

jiji RRD /   (6) 

 

   jiji DuDU // 2  (7) 

 

Where, Di / j is the difference between the results (R) of both participants and U(Di / j) is the uncertainty of Di / j with k = 

2, which corresponds to a confidence interval of approximately 95% [13]. 

 

In the case of this bilateral comparison, R is the dew/frost-point correction of the transfer CMH and u(Di / j) is given by: 

 

       duRuRuDu jiji
222

/
2    (8) 

 

Where, u(d) is the uncertainty in the comparison due to the drift of the transfer standard, as described in Section 6. 

 

The DoE of NIST in the CCT-K6 multilateral key comparison were [2]: 

 

Table 8 – Degrees of Equivalence between NIST and KCRV (in ºC) 

 -50 ºC -30 ºC -10 ºC 1 ºC 20 ºC 

DNIST/KCRV  -0.128 -0.072 -0.039 -0.011 -0.006 

UNIST/KCRV  0.030 0.038 0.043 0.060 0.050 

 

For the bilateral comparison carried out between INMETRO and NIST (SIM.T-K6.3), Table 9 presents the DoE for 

all the comparison points calculated according to Equations (6), (7) and (8) [3]. 

 

Table 9 – Degrees of Equivalence between INMETRO and NIST (in ºC) 

 -30 ºC -10 ºC 0 ºC 20 ºC 

DINMETRO/NIST  -0.040 0.083 0.050 0.018 

UINMETRO/NIST 0.20 0.20 0.20 0.20 

 

INMETRO could then be linked to CCT-K6 KCRV by means of the bilateral comparison carried out with NIST. The 

CCT-K6 comparison was performed at the dew/frost-point temperature values of -50 °C, -30 °C, -10 °C, 1 °C and 

20 ºC. However, the first two values were not considered since the NIST Hybrid Humidity Generator was not used at 

those points in CCT-K6. Also, as the CCT-K6 comparison was performed at 1 °C and the comparison between 

INMETRO and NIST was performed at 0 °C, the participants considered these values acceptably close for linkage and 

assumed that [14]: 

 

   °CD°CD STINMETRO/NI NIST/KCRV 01    (9) 
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The difference between INMETRO and KCRV, DINMETRO/KCRV, and its expanded uncertainty, U(DINMETRO/KCRV), with 

coverage probability of approximately 95% (k = 2) were respectively determined as: 

 

NIST/KCRVSTINMETRO/NI RVINMETRO/KC DDD    (10) 

 

     NIST/KCRVSTINMETRO/NIRVINMETRO/KC DUDUDU 222   (11) 

 

Table 10 shows the calculated DoE between INMETRO and KCRV using the results presented in Tables 8 and 9 and 

Equations (10) and (11). 

 

Table 10 – Degrees of Equivalence between INMETRO and KCRV (in ºC) 

 -10 ºC 1 ºC 20 ºC 

DINMETRO/KCRV  0.044 0.039 0.012 

UINMETRO/KCRV 0.20 0.21 0.21 

 

The compatibility of the measurement results of INTI and INMETRO was also analysed by means of the degree of 

equivalence. DINTI/INMETRO was calculated according to Equation (6), using the results (corrections) of the transfer 

standard found in both laboratories (Table 2); and U(DINTI/INMETRO) was calculated according to Equations (7) and (8), 

using the expanded uncertainties of both laboratories and the drift of the transfer standard based on rectangular 

distribution (Table 7). Table 11 shows the DoE between INTI and INMETRO. 

 

Table 11 – Degrees of Equivalence between INTI and INMETRO (in ºC) 

 -30 ºC -20 ºC 1 ºC 20 ºC 40 ºC 60 ºC 

DINTI/INMETRO  0.14 -0.09 -0.04 0.05 0.03 0.09 

UINTI/INMETRO 0.31 0.28 0.22 0.18 0.14 0.18 

 

As INMETRO is linked to the CCT-K6 KCRV at the dew/frost-point temperatures of -10 ºC, 1 ºC and 20 ºC, INTI 

can then be linked to CCT-K6 KCRV by means of the this bilateral comparison for the dew-point temperatures of 

1 ºC and 20 ºC. The difference between INTI and KCRV, DINTI/KCRV, and its expanded uncertainty, U(DINTI/KCRV), with 

coverage probability of approximately 95% (k = 2) were respectively determined as: 

 

NIST/KCRVSTINMETRO/NIINMETROINTI INTI/KCRV DDDD  /    (12) 

 

       NIST/KCRVSTINMETRO/NIROINTI/INMETINTI/KCRV DUDUDUDU 2222   (13) 

 

The DoE between INTI and KCRV can be finally determined using Equations (12) and (13) and Tables 8, 9 and 11. 

These values are presented in Table 12 below. 

 

Table 12 – Degrees of Equivalence between INTI and KCRV (in ºC) 

 1 ºC 20 ºC 

DINTI/KCRV  -0.001 0.062 

UINTI/KCRV 0.31 0.27 

 

 

10. CONCLUSION 

 

INMETRO and INTI have concluded a bilateral comparison of their humidity standards in six comparisons points in 

the dew/frost-point temperature range from -30 ºC to 60 ºC. The comparison was piloted by INMETRO and carried out 

from March to April 2017. A CMH was used as transfer standard and its drift was estimated by comparing 

measurements performed at INMETRO before and after the measurement period at INTI. The compatibility of their 

measurement results (by means of En and DoE) and the DoE between the institutes and the CCT-K6 KCRV were 

presented. 

 

By the En numbers, Table 7 shows that for all the six comparison points the values were lower than one, which means 

that the measurement results of INMETRO and INTI have compatibility within their expanded uncertainties with a 

confidence level of approximately 95%. 
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By the DoE, Table 11 shows that for all the six comparison points the differences between the measurement results of 

INMETRO and INTI were well within their expanded uncertainties, which means that their measurements results are 

compatible with a confidence level of approximately 95%. 

 

The DoE between INMETRO and KCRV (for the dew/frost-point temperatures values of -10 ºC, 1 ºC and 20 ºC) and 

between INTI and KCRV (for the dew-point temperatures values of 1 ºC and 20 ºC) were also shown. In both cases, the 

differences between the measurement results of the institutes and the KCRV were within their expanded uncertainties 

(Tables 10 and 12), which means that their measurements results are compatible with the KCRV with a confidence level 

of approximately 95%. In case of INMETRO, the linkage with the KCRV was made through a bilateral comparison 

with NIST (SIM.T-K6.3); and in case of INTI, the linkage with the KCRV was made through this bilateral comparison 

with INMETRO (SIM.T-K6.7). 
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Appendix 1 – Technical Protocol 

 

The following pages show the technical protocol for SIM.T-K6.7, together with its Appendices 1 and 2. In addition, 

the protocol included, as Appendix 3 (not shown here), a MS Excel template for reporting comparison results. 
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Appendix 2 – Uncertainty Budget for INTI Standard 

 

2.1 – Uncertainty Budget for INTI standard at -30 °C of frost-point temperature 
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Ps saturator pressure indication 924176 Pa

Ps+C saturator pressure 923487 Pa

ucal calibration uncertainty -689 Pa B N 344,74 Pa 1 Pa -0,0035 °C

resol resolution (traducer range / 25000)*0.5/√(3) 0,000 B R 11,94 Pa 1 Pa -0,0001 °C

desvest mean standar uncertainty (10 ≤ n) 0,000 A N 10 72,83 Pa 1 Pa -0,0007 °C

uPs Uncertainty of saturator pressure measurement 352,55 Pa -1,0E-05 °C / Pa

Pc chamber pressure indication 101255 Pa

Pc+C chamber pressure 101048 Pa

ucal calibration uncertainty -207 Pa B N 34,47 Pa 1 Pa 0,0033 °C

resol resolution (traducer range / 25000)*0.5/√(3) B R 3,98 Pa 1 Pa 0,0004 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 1,09 Pa 1 Pa 0,0001 °C

uPc Uncertainty of chamber pressure measurement 34,72 Pa 9,48E-05 °C / Pa

ts saturator temperature indication -6,984 °C

ts+C saturator temperature -6,844 °C

ucal calibration uncertainty 0,140 °C B N 0,020 °C 1 °C 0,0166 °C

resol resolution (0,01)*0.5/√(3) B R 0,003 °C 1 °C 0,0024 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 0,004 °C 1 °C 0,0033 °C

sat efficiency Saturator efficiency, saturator bath uniformity, contamination of supply gas and water 0,050 °C 1 °C 0,0418 °C

uts Uncertainty of saturator temperature measurement 0,05 °C 8,32E-01 °C

e(ts) vapor pressure formulae (ts) 342,768 Pa B N 0,152 Pa 0,028 °C / Pa 0,0043 °C

f(ts,Ps) enhancement factor formulae (ts,Ps) 1,036 °C B N 0,003 °C 9,296 °C 0,0313 °C

e(tdew/frost) vapor pressure formulae (tdew/frost) 38,664 Pa B N 0,062 Pa 0,249 °C / Pa 0,0153 °C

f(tdew/frost, Pc) enhancement factor formulae (tdew/frost,Pc) 1,005 °C B N 0,001 °C -9,579 °C -0,0051 °C

tfrost Combined standar uncertainty - references humidity generator -29,83 °C 0,0577 °C  
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2.2 – Uncertainty Budget for INTI standard at -20 °C of frost-point temperature 
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Ps saturator pressure indication 875546 Pa

Ps+C saturator pressure 874857 Pa

ucal calibration uncertainty -689 Pa B N 344,74 Pa 1 Pa -0,0040 °C

resol resolution (traducer range / 25000)*0.5/√(3) 0,000 B R 11,94 Pa 1 Pa -0,0001 °C

desvest mean standar uncertainty (10 ≤ n) 0,000 A N 10 59,04 Pa 1 Pa -0,0007 °C

uPs Uncertainty of saturator pressure measurement 349,96 Pa -1,2E-05 °C / Pa

Pc chamber pressure indication 101150 Pa

Pc+C chamber pressure 100943 Pa

ucal calibration uncertainty -207 Pa B N 34,47 Pa 1 Pa 0,0035 °C

resol resolution (traducer range / 25000)*0.5/√(3) B R 3,98 Pa 1 Pa 0,0004 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 1,22 Pa 1 Pa 0,0001 °C

uPc Uncertainty of chamber pressure measurement 34,72 Pa 1,03E-04 °C / Pa

ts saturator temperature indication 5,002 °C

ts+C saturator temperature 5,077 °C

ucal calibration uncertainty 0,075 °C B N 0,020 °C 1 °C 0,0145 °C

resol resolution (0,01)*0.5/√(3) B R 0,003 °C 1 °C 0,0021 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 0,001 °C 1 °C 0,0008 °C

sat efficiency Saturator efficiency, saturator bath uniformity, contamination of supply gas and water 0,045 °C 1 °C 0,0328 °C

uts Uncertainty of saturator temperature measurement 0,05 °C 7,24E-01 °C

e(ts) vapor pressure formulae (ts) 877,227 Pa B N 0,044 Pa 0,012 °C / Pa 0,0005 °C

f(ts,Ps) enhancement factor formulae (ts,Ps) 1,030 °C B N 0,003 °C 10,123 °C 0,0264 °C

e(tdew/frost) vapor pressure formulae (tdew/frost) 103,811 Pa B N 0,114 Pa 0,100 °C / Pa 0,0114 °C

f(tdew/frost, Pc) enhancement factor formulae (tdew/frost,Pc) 1,004 °C B N 0,000 °C -10,379 °C -0,0049 °C

tfrost Combined standar uncertainty - references humidity generator -19,94 °C 0,0466 °C  
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2.3 – Uncertainty Budget for INTI standard at 1 °C of frost-point temperature 
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Ps saturator pressure indication 358521 Pa

Ps+C saturator pressure 358521 Pa

ucal calibration uncertainty 0 Pa B N 344,74 Pa 1 Pa -0,0132 °C

resol resolution (traducer range / 25000)*0.5/√(3) 0,000 B R 11,94 Pa 1 Pa -0,0005 °C

desvest mean standar uncertainty (10 ≤ n) 0,000 A N 10 13,47 Pa 1 Pa -0,0005 °C

uPs Uncertainty of saturator pressure measurement 345,21 Pa -3,8E-05 °C / Pa

Pc chamber pressure indication 100607 Pa

Pc+C chamber pressure 100400 Pa

ucal calibration uncertainty -207 Pa B N 34,47 Pa 1 Pa 0,0048 °C

resol resolution (traducer range / 25000)*0.5/√(3) B R 3,98 Pa 1 Pa 0,0005 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 3,22 Pa 1 Pa 0,0004 °C

uPc Uncertainty of chamber pressure measurement 34,85 Pa 1,38E-04 °C / Pa

ts saturator temperature indication 20,000 °C

ts+C saturator temperature 20,060 °C

ucal calibration uncertainty 0,060 °C B N 0,030 °C 1 °C 0,0258 °C

resol resolution (0,01)*0.5/√(3) B R 0,003 °C 1 °C 0,0025 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 0,001 °C 1 °C 0,0010 °C

sat efficiency Saturator efficiency, saturator bath uniformity, contamination of supply gas and water 0,026 °C 1 °C 0,0219 °C

uts Uncertainty of saturator temperature measurement 0,04 °C 8,60E-01 °C

e(ts) vapor pressure formulae (ts) 2347,931 Pa B N 0,117 Pa 0,006 °C / Pa 0,0007 °C

f(ts,Ps) enhancement factor formulae (ts,Ps) 1,012 °C B N 0,001 °C 13,731 °C 0,0111 °C

e(tdew/frost) vapor pressure formulae (tdew/frost) 662,600 Pa B N 0,033 Pa 0,021 °C / Pa 0,0007 °C

f(tdew/frost, Pc) enhancement factor formulae (tdew/frost,Pc) 1,004 °C B N 0,000 °C -13,837 °C -0,0047 °C

tdew Combined standar uncertainty - references humidity generator 1,12 °C 0,0387 °C  
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2.4 – Uncertainty Budget for INTI standard at 20 °C of frost-point temperature 
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Ps saturator pressure indication 241317 Pa

Ps+C saturator pressure 241110 Pa

ucal calibration uncertainty -207 Pa B N 34,47 Pa 1 Pa -0,0023 °C

resol resolution (traducer range / 25000)*0.5/√(3) 0,000 B R 3,98 Pa 1 Pa -0,0003 °C

desvest mean standar uncertainty (10 ≤ n) 0,000 A N 10 6,30 Pa 1 Pa -0,0004 °C

uPs Uncertainty of saturator pressure measurement 35,27 Pa -6,7E-05 °C / Pa

Pc chamber pressure indication 100813 Pa

Pc+C chamber pressure 100606 Pa

ucal calibration uncertainty -207 Pa B N 34,47 Pa 1 Pa 0,0055 °C

resol resolution (traducer range / 25000)*0.5/√(3) B R 3,98 Pa 1 Pa 0,0006 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 0,23 Pa 1 Pa 0,0000 °C

uPc Uncertainty of chamber pressure measurement 34,70 Pa 1,60E-04 °C / Pa

ts saturator temperature indication 35,001 °C

ts+C saturator temperature 35,031 °C

ucal calibration uncertainty 0,030 °C B N 0,020 °C 1 °C 0,0179 °C

resol resolution (0,01)*0.5/√(3) B R 0,003 °C 1 °C 0,0026 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 0,002 °C 1 °C 0,0018 °C

sat efficiency Saturator efficiency, saturator bath uniformity, contamination of supply gas and water 0,026 °C 1 °C 0,0228 °C

uts Uncertainty of saturator temperature measurement 0,03 °C 8,94E-01 °C

e(ts) vapor pressure formulae (ts) 5638,964 Pa B N 0,282 Pa 0,003 °C / Pa 0,0008 °C

f(ts,Ps) enhancement factor formulae (ts,Ps) 1,008 °C B N 0,000 °C 16,026 °C 0,0064 °C

e(tdew/frost) vapor pressure formulae (tdew/frost) 2362,798 Pa B N 0,118 Pa 0,007 °C / Pa 0,0008 °C

f(tdew/frost, Pc) enhancement factor formulae (tdew/frost,Pc) 1,004 °C B N 0,000 °C -16,098 °C -0,0037 °C

tdew Combined standar uncertainty - references humidity generator 20,16 °C 0,0307 °C  
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2.5 – Uncertainty Budget for INTI standard at 40 °C of frost-point temperature 
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Ps saturator pressure indication 213734 Pa

Ps+C saturator pressure 213527 Pa

ucal calibration uncertainty -207 Pa B N 34,47 Pa 1 Pa -0,0030 °C

resol resolution (traducer range / 25000)*0.5/√(3) 0,000 B R 3,98 Pa 1 Pa -0,0003 °C

desvest mean standar uncertainty (10 ≤ n) 0,000 A N 10 25,23 Pa 1 Pa -0,0022 °C

uPs Uncertainty of saturator pressure measurement 42,90 Pa -8,7E-05 °C / Pa

Pc chamber pressure indication 100724 Pa

Pc+C chamber pressure 100517 Pa

ucal calibration uncertainty -207 Pa B N 34,47 Pa 1 Pa 0,0064 °C

resol resolution (traducer range / 25000)*0.5/√(3) B R 3,98 Pa 1 Pa 0,0007 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 1,36 Pa 1 Pa 0,0003 °C

uPc Uncertainty of chamber pressure measurement 34,73 Pa 1,86E-04 °C / Pa

ts saturator temperature indication 55,000 °C

ts+C saturator temperature 55,005 °C

ucal calibration uncertainty 0,005 °C B N 0,020 °C 1 °C 0,0180 °C

resol resolution (0,01)*0.5/√(3) B R 0,003 °C 1 °C 0,0026 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 0,000 °C 1 °C 0,0002 °C

sat efficiency Saturator efficiency, saturator bath uniformity, contamination of supply gas and water 0,035 °C 1 °C 0,0318 °C

uts Uncertainty of saturator temperature measurement 0,04 °C 9,00E-01 °C

e(ts) vapor pressure formulae (ts) 15766,78 Pa B N 0,788 Pa 0,001 °C / Pa 0,0009 °C

f(ts,Ps) enhancement factor formulae (ts,Ps) 1,008 °C B N 0,000 °C 18,605 °C 0,0044 °C

e(tdew/frost) vapor pressure formulae (tdew/frost) 7449,51 Pa B N 0,372 Pa 0,003 °C / Pa 0,0009 °C

f(tdew/frost, Pc) enhancement factor formulae (tdew/frost,Pc) 1,005 °C B N 0,000 °C -18,691 °C -0,0026 °C

tdew Combined standar uncertainty - references humidity generator 40,16 °C 0,0378 °C  
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2.6 – Uncertainty Budget for INTI standard at 60 °C of frost-point temperature 
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Ps saturator pressure indication 158586 Pa

Ps+C saturator pressure 158379 Pa

ucal calibration uncertainty -207 Pa B N 34,47 Pa 1 Pa -0,0047 °C

resol resolution (traducer range / 25000)*0.5/√(3) 0,000 B R 3,98 Pa 1 Pa -0,0005 °C

desvest mean standar uncertainty (10 ≤ n) 0,000 A N 10 7,85 Pa 1 Pa -0,0011 °C

uPs Uncertainty of saturator pressure measurement 35,58 Pa -1,4E-04 °C / Pa

Pc chamber pressure indication 101022 Pa

Pc+C chamber pressure 100815 Pa

ucal calibration uncertainty -207 Pa B N 34,47 Pa 1 Pa 0,0074 °C

resol resolution (traducer range / 25000)*0.5/√(3) B R 3,98 Pa 1 Pa 0,0008 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 4,56 Pa 1 Pa 0,0010 °C

uPc Uncertainty of chamber pressure measurement 35,00 Pa 2,13E-04 °C / Pa

ts saturator temperature indication 70,001 °C

ts+C saturator temperature 70,011 °C

ucal calibration uncertainty 0,010 °C B N 0,020 °C 1 °C 0,0187 °C

resol resolution (0,01)*0.5/√(3) B R 0,003 °C 1 °C 0,0027 °C

desvest mean standar uncertainty (10 ≤ n) A N 10 0,001 °C 1 °C 0,0009 °C

sat efficiency Saturator efficiency, saturator bath uniformity, contamination of supply gas and water 0,050 °C 1 °C 0,0470 °C

uts Uncertainty of saturator temperature measurement 0,05 °C 9,34E-01 °C

e(ts) vapor pressure formulae (ts) 31216,91 Pa B N 1,561 Pa 0,001 °C / Pa 0,0011 °C

f(ts,Ps) enhancement factor formulae (ts,Ps) 1,008 °C B N 0,000 °C 21,411 °C 0,0029 °C

e(tdew/frost) vapor pressure formulae (tdew/frost) 19915,32 Pa B N 0,996 Pa 0,001 °C / Pa 0,0011 °C

f(tdew/frost, Pc) enhancement factor formulae (tdew/frost,Pc) 1,006 °C B N 0,000 °C -21,480 °C -0,0018 °C

tdew Combined standar uncertainty - references humidity generator 59,97 °C 0,0515 °C  


