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Central Office of Measures (GUM)

• part of government administration.

• performs tasks in the scope of scientific, industrial 
and legal metrology.

• In 20 laboratories of GUM, the research is 
performed that is necessary to establish and 
modernise measurement standards and to develop 
certified reference materials.

• 15 national measurement standards (for length, 
plane angle, temperature, mass, resistance, 
capacitance, density, pH, refractive index, optical 
rotation, luminous flux, luminous intensity, time and 
frequency, inductance, DC voltage); 
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• Verification and demonstration of the capabilities of 

the developed new technologies, instruments and 

approaches – mixing measurements at JRP-

Partners, with those in real-world industrial 

environments, and demonstration of how traceable 

large volume metrology in industrial environments 

can be achieved practically. 



Task 5.1: Preparation of the GUM

tape bench environment



Task 5.1: Preparation of the GUM

tape bench environment

• The MG tape bench is 50 m long, offer not only a 
controlled standard environment at 20 °C, but also 
to simulate industrial environments.

• The method of measurements of the refractive index 
of air was based on the precise measurements of 
the environmental conditions (air temperature, 
relative humidity and atmospheric pressure) using 
accurate, calibrated, traceable devices. Additional 
sensors were applied and software for the real time 
data recording and analysis were developed. 



Sensors for tape 

bench environmental monitoring



Temperature sensors for tape 

bench environmental monitoring

40 thermistors YSI 44031 

Temperature:     +/- 0,05°C

Resistance: 10K Ohm

Range: -0 ÷ 75 °C

Thermal time constant: 1 s



Temperature sensors for tape 

bench environmental monitoring

40 channel multimeter KEITHLEY



Temperature sensors for tape 

bench environmental monitoring

Termistors calibration 

T = ea+b*R+c

wide range of temerature

a b c

CH101 4.206031929 -0.098672494 0.017771382

CH102 4.194857961 -0.099692019 0.515047984

CH103 4.205767398 -0.098163242 -0.070272494

CH104 4.206443882 -0.099337300 0.159070763

CH105 4.210974208 -0.100323040 0.361110074

CH106 4.208100262 -0.099593213 0.212326426

CH107 4.193217233 -0.100618374 0.745973394

CH108 4.199373170 -0.099242341 0.283308290

CH109 4.201097102 -0.098816906 0.164270602

CH110 4.191745773 -0.099582187 0.558452706

CH111 4.209253922 -0.098826072 0.040213851

CH112 4.198108996 -0.100624975 0.620169677

CH113 4.197569320 -0.101219905 0.837823148

CH114 4.200007469 -0.099409685 0.313593872

CH115 4.201497391 -0.099064231 0.265704275

CH116 4.197542021 -0.099360239 0.372576205

CH117 4.201792014 -0.099007625 0.225982958

CH118 4.207395468 -0.098695529 0.009555664

CH119 6.434561601 -0.398262086 15.486405010

CH120 4.189241830 -0.095641315 -0.370385645

CH101
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Termohigrometers sensors for tape 

bench environmental monitoring

5 Termohigrometers

LAB-EL LB-710A

• Temperature (Pt-1000)      +/- 0,1°C 

• Humidity                             +/- 0,2 %



Termohigrometers sensors for tape 

bench environmental monitoring

Termohigrometers calibration

y = 1.208E-03x2 - 1.760E-01x + 1.782E+00

y = 1.010E-03x2 - 1.594E-01x + 5.671E-01

y = 1.259E-03x2 - 2.054E-01x + 2.445E-01

y = 1.140E-03x2 - 2.016E-01x - 1.890E-01

y = 1.050E-03x2 - 1.994E-01x - 6.798E-01
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Air pressure sensor for tape 

bench environmental monitoring

1 Barometer 

LAB-EL LB-716

• air pressure           +/- 1,0 hPa



Air pressure sensor for tape 

bench environmental monitoring

Barometer calibration

y = 5.893093E-05x
2
 - 1.211306E-01x + 5.921108E+01
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Air pressure sensor for tape 

bench environmental monitoring

• Estimation of u(n) 

for 50 m tape bench

– u(T) = 0.05 °C

– u(H) = 0.6 %

– u(P) = 1.0 hPa

– u(CO2) = 45 ppm

– u(n) = 4.2 10-7
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All sensors for tape 

bench environmental monitoring

Estimation: u(n) = 4.2 10-7 for 50 m tape bench

40 thermistors YSI 44031

• Temperature:                +/- 0.05°C

5 Termohigrometers LAB-EL LB-710A

• Humidity                          +/- 0.2 %

• Temperature (Pt-1000)   +/- 0.1°C 

1 Barometer LAB-EL LB-716

• air pressure          +/- 1.0 hPa



Temperature conditions in industry

– Typical location in industry

• gradient 3.5 - 6.2 °K

– Industrial areospace assembly site

• gradient 1-3 °K

– Industry production hall

• gradient 1.5 °K

– PTB’s reference wall

• gradient 0.1 °K/m



Simulation of industrial environment

GUM prepared the laboratory room for the

experiments with industrial environmental conditions:

• fast and large amplitude temperature changes, 

• large temperature gradient, 

• air turbulences. 



Simulation of industrial environment

Two air conditioners at both ends of laboratory
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Simulation of industrial environment

Air conditioners settings:

– Flat (stable) 20-20 °K

– Gradient 25-15 °K

– Flat (hot)    25-25 °K

– Gradient 15-25 °K

– Flat (cold)    15-15 °K



Simulation of industrial environment
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Simulation of industrial environment
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Simulation of industrial environment

Air conditioners settings vs results after 2 hours:

– Flat (stable) 20-20 °K  - 20.4-19.5 °K 

– Gradient 25-15 °K  - 22.1-18.2 °K 

– Flat (hot) 25-25 °K  - 23.5-21.0 °K 

– Gradient 15-25 °K  - 19.7-21.7 °K 

– Flat (cold) 15-15 °K  - 18.7-16.3 °K 



Simulation of industrial environment

• Stable

– Difference 50m  - 1 °K, 7.8 %

– Difference 10m  - 1 °K, 7.8 %

– Gradient  - 0.1 °K/m, 0.16 %/m 

• Max

– Difference 50m  - 3.9 °K, 6.7 %

– Difference 10m  - 2.3 °K, 5.9 %

– Gradient  - 0.4 °K/m, 0.23 %/m



Simulation of industrial environment

Humidity Temperature



Simulation of industrial environment

• 2x 2kW heaters HB CH-2004ST



Simulation of industrial environment



Simulation of industrial environment

3 m 1 m10 m 



Simulation of industrial environment
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Simulation of industrial environment
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Simulation of industrial environment



Simulation of industrial environment
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Simulation of industrial environment



Simulation of industrial environment

• Stable

– Difference 50m  - 1 °K, 7.8 %

– Difference 10m  - 1 °K, 7.8 %

– Gradient  - 0.1 °K/m, 0.16 %/m 

• Max

– Difference 50m  - 3.9 °K, 6.7 %

– Difference 10m  - 2.3 °K, 5.9 %

– Gradient  - 0.4 °K/m, 0.23 %/m

• Heaters

– Difference 10m  - ~8 °K, ~10 % (not stable)



Task 5.2: Verification of CNAM

and PTB devices in the GUM environment



Task 5.2: Verification of CNAM

and PTB devices in the GUM environment

• Verification of the performance of the CNAM 
refractive index compensated ADM system and PTB 
compensated self-tracking IFM system against the 
GUM system in the simulated industrial 
environment. 

• In Feb 2016 CNAM and PTB took their systems to 
GUM and operate it in comparison against the GUM 
system (operated by GUM). 



50 m bench carriage & RRVerification of CNAM and PTB devices





D. Truong drawings 













Verification of CNAM and PTB devices



Verification of CNAM and PTB devices



The refractive index of air measurements 

using femtosecond optical frequency comb



The refractive index of air measurements 

using femtosecond optical frequency comb

• The second method based on interferometric 

measurements using Michelson interferometer with 

femtosecond optical frequency comb. The aim of 

this method is to calculate the refractive index of air 

using different wavelengths during the differential 

measurements along the same path. 



An upgraded 50 m 1D facility 

with refractive index monitoring

Summary
• Environmental monitoring 

– 40 thermistors

– 5 termohigrometers

– 1 barometer

– Estimation: u(n) = 4.2 10-7 for 50 m tape bench

• Simulation of Industrial gradients:

– Stable 1 °K

– AC regulation 3.8 °K

– Heaters 8 °K 





Thank you


