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Summary: 
A new, metrological-dynamic-testing-infrastructure (MetDynTI) for hygrometers is presented, compris-
ing a flow test section driven by a switching water vapor (H2O) step change generator, capable of fast, 
well defined, H2O steps from 300 to up to 15000 µmol/mol. The step response of the test section is 
detected in real-time by means of an integrated, fast, direct tunable diode laser absorption spectros-
copy (dTDLAS) hygrometer. The exact knowledge of the dynamic behavior of the driving section ena-
bles the dynamic characterization of subsequent test hygrometers exposed to the H2O step change. 
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Introduction 
Water vapor (H2O) in air is an essential pa-
rameter that is monitored in many home or 
workplace applications e.g. air conditioning or 
ventilation and is also key for industrial process 
control systems [1], or for weather forecast or 
for climate studies. Accurate monitoring of dy-
namic H2O concentration [H2O] changes  which 
may be caused by opening a window or chang-
ing process parameters is key for process con-
trol systems and poses a significant challenge 
for most hygrometers used commonly [2]. Hy-
grometers are almost exclusively calibrated 
under quasi-static conditions. An accurate or 
even traceable characterization of their dynamic 
response, however, is often lacking, or needs to 
be strongly improved. Inaccurate dynamic coef-
ficients often cause temperature oscillations. 
These may lead to discomfort or energy losses 
in a home setting or can have significant impli-
cations for an industrial process control system. 
One reason for this deficiency is the lack of a 
(metrologically) standardized dynamic hy-
grometer characterization. Here, we present a 
newly designed dynamic hygrometer test setup 
comprising: A) Generation of fast, defined [H2O] 
step changes in air. B) A fast, absolute and 
sampling-free, optical reference [H2O] analyzer. 
C) A gas flow test section in which the device 
under test (DUT) can be inserted and which is 
optimized to “maintain” the steep H2O gradi-
ents. By comparison of traceable, H2O step 
changes with the DUT dynamic behavior we 
can extract the DUTs dynamic characteristics 
and their dependence on step height, step di-
rection, flow speed etc. 

H2O Step Generation and Flow Conditioning 
Fig. 1 schematically shows the H2O step gener-
ation, flow conditioning and optical measure-
ment section (similar to [3]). A base flow of dry 
air ([H2O] < 20 ppm), at ambient pressure, is 
dynamically mixed with humid air from one of 
the two thermodynamic static humidity genera-
tors. Two 3/2 valves enable fast switching be-
tween the generators without interrupting their 
flow. The upper and lower H2O values can be 
adjusted between 300 and 15000 µmol/mol 
(= ppm). The air is injected into the measure-
ment section (80 mm diameter) and homoge-
nized using a sintered glass filter. A honeycomb 
flow rectifier is used to reduce the flow turbu-
lences. The axial gas velocity inside the flow 
tube ranges from 0.06 to 0.33 m/s (20 to 
100 l/min). The generated gas travels axially 
along a two-meter-long open pipe to prevent 
ambient effects on the measurement zone. 

 
Fig. 1. Schematic test setup. 1: Humidity generators, 
2: 3/2 valves, 3: Injection nozzle, 4: Sintered filter, 
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5: Honeycomb flow rectifier, 6: dTDLAS laser meas-
uring plane, 7: Flow controller, 8: Needle valve, 
9 dTDLAS optic unit, 10: DUT Position  

dTDLAS as a fast, reference Hygrometer 
An optical multipath ring cell (#6 in Fig. 1), form-
ing a thin, planar laser sheet, perpendicular to 
the flow, is used to analyze the generated [H2O] 
step changes in front of the DUT via high-
speed, sampling-free and SI-traceable, direct 
tunable diode laser absorption spectroscopy 
(dTDLAS) [4]. From the cell’s spectral transmis-
sion dTDLAS derives calibration-free absolute 
H2O concentration using a 1st-principles model 
based on the Lambert-Beer law, high accuracy 
H2O spectral data as well as measured path 
length and gas temperatures/pressures [4]. The 
current setup uses an H2O absorption line at 
1370 nm. Measurements from 50 to 30000 ppm 
with a resolution of 1 ppm are feasible. The 
current max. time resolution lies near 14 Hz and 
will be improved further by a faster data acquisi-
tion. Fig. 2 shows a typical H2O absorption pro-
file with a fitted Voigt line shape indicating 
315 ppm H2O at 1013 hPa. 

 
Fig. 2. Measured and fitted optical density (OD) of 
a single scan of the absorption line. Below: the resid-
ual be-tween fitted and measured data. The signal to 
noise ratio (S/N) defined by ODmax / 1σtotal is 364. 

Results 
Fig. 3 shows the dynamic [H2O] at the optical 
cell measured with the dTDLAS-Hygrometer for 
a step from 315 ppm to 3731 ppm. At a total 
flow rate of 20 l/min it takes about 0.6 s for the 
changed concentration to reach the measure-
ment plane of the laser and an additional 0.4 s 
to reach 10 % of the “final” step concentration. 
At t10 the local [H2O] temporal “gradient” ex-
ceeds 3050 ppm/s, which is not achievable with 
most other hygrometers. t90 is reached 3.1 s 

after the [H2O] change arrived at the laser. After 
t10, i.e. after the early transition phase between 
tdead and t10, the [H2O] dynamics is well de-
scribed with a first order low pass. This well 
predictable behavior in combination with 
planned improvements to further reduce the 
step time will make it possible to mathematically 
remove the “influence” of the setup and to iso-
late the dynamic response behavior of a poten-
tial DUT in the test section. 

Fig. 3. [H2O] step from 315 to 3731 ppm measured 
with the dTDLAS-Hygrometer. The new gas mix 
arrives at the measurement plane after a transport 
time of 0.6 s after the valves were actuated. An ideal 
low pass behavior (PT1-Element) is fitted to the step 
response between t10 and t90. The fits coefficient of 
determination (R2) is 1.000 the RMSE is 3.796. The 
“t10 → t90 response time” is 2.7 s. 
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