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1 Introduction 

Airborne hygrometry (measuring water vapor concentration and 

total water content) has a very important role in climate research as 

atmospheric moisture is responsible for circa 75% of greenhouse 

effect. High variety of humidity levels means one of the difficulties of 

such measurements: it can be as high as 40000 ppmV at ground level 

(namely at 1 bar pressure) at tropics and as low as 1.5 pmV at the 

upper troposphere-lower stratosphere (namely at 10-12 km altitude, 

at circa 200 mbar pressure). Moreover, atmospheric humidity is 

usually inhomogenously distributed both in time and space– one can 

think the rapidly varying meteorological circumstances. The MOZAIC 

project was launched 20 years ago to measure atmospheric water 

vapor concentration with capacitive sensors mounted on in-service 

aircrafts. The IAGOS project was recently launched to similarly to 

measure atmospheric water vapor concentration (besides several 

other compounds) similarly as it has been done within the MOZAIC 

project, but extending the measurements to total water content is 

also planned.  Atmospheric water vapor concentration and total 

water content is regularly measured within the CARIBIC project with 

the measuring system developed at the University of Szeged, 

Department of Optics and Quantum Electronics, Research Group on 

Photoacoustic Spectroscopy, partially by myself. 

An airborne water vapor concentration and total water content 

measuring system has to meet several expectations: 



 It has to measure highly precise (at least 0.3 ppmV + 1% 

relative) and accurate (at least ±5% relative) at any pressures 

and concentrations possible during a flight. 

 Measurement of water vapor concentration and total water 

content should be realized in one measuring system since 

this way small differences of the two quantities can be 

measured more accurately than with two separate systems. 

 The high cruising velocity   requires fast response time to 

provide high space resolution. 

 The measuring system has to be small in size and light in 

weight to minimalize the operational costs. 

 The system has to operate continuously in a fully 

autonomous way. 

 Maintenance and recalibration interval should be at least 

half a year. 

 The availability should be quasi continuous: 363 days a year 

(namely 99.54%) supposing 1 day maintenance every half 

year. 

 Has to meet all the rigorous safety restrictions. 

The data acquisition and control system that previously had been 

developed in the research group less and less met the state of the 

technology and science more and more limiting the broader 

applicability of our systems. This was also true in the case of airborne 

hygrometry, where besides the state of the art system control the los 

size and weight are also essential. The measuring system that had 

been developed at Szeged only partially met the requirements listed 



above, but was a good starting point for the improvements done by 

myself. 

I joined the Photoacoustic Research Group at the beginning of my 

doctoral studies, duties were exploring the shortcomings of the 

system, finding and implementing solutions on them. Finally I had to 

prove that the developments achieved by myself result in a significant 

performance improvement. 

2 Objectives and methods 

My aim was improving the reliability and accuracy of the two channel 

airborne hygrometer developed at the University of Szeged and 

making it capable for autonomous operation while reducing its size 

and weight.  

Within this: 

I developed a new method for setting the wavelength of the laser 

applied in the system with high precision and accuracy.  

I developed a new calibration and data processing technique, which 

determines the accuracy of the system that makes it traceable to the 

calibration reference within 2% at any pressures and concentrations 

in the operational range. 

I prepared a new measuring system and proved the applicability of 

the previous developments and its reliability and accuracy through 

independent laboratory and in-flight inter comparison 

measurements. 



I prepared a new data acquisition and control system to reduce the 

size and weight of the measuring system itself. 

  



3 Novel scientific results 

T1: Improvement of the accuracy of setting the 

wavelength of DFB diode lasers to the targeted one: 

I managed to increase the precision and accuracy of the technique 

previously had been developed by the research group for setting the 

wavelength of DFB diode lasers by circa one order of magnitude 

through developing a data processing algorithm for the 

determination of the inflection point of the phase shift curve. 

technique is 50 fm. I ascertained that the new technique requires 

pressure correction and determined its level: approximately 10 mbar 

pressure variation makes the correction necessary. Note: The 

precision of the new technique through its precision enables the 

study of the pressure dependent shift of absorption lines. 

  



T2: Development of calibration and data processing 

technique for the two channel hygrometer system: 

I developed a new calibration and data processing technique based 

on the determination of the calibration surface in the pressure- 

concentration- photoacoustic signal space: the photoacoustic signal 

as the function of concentration has to be determined at various but 

constant pressure levels. From the present photoacoustic signal and 

pressure using the constant pressure calibration curves I determine 

the concentration value using an interpolation technique.  Using this 

technique the photoacoustic system is traceable to the calibration 

reference within noise level ±2% in the 0.5-25000 ppmV 

concentration and 100-1000 mbar pressure ranges. Previously this 

level of accuracy was not possible at various pressures. The data 

processing interval is only a few milliseconds therefore real-time data 

processing is possible now. 

  



T3: Preparation of a new measuring system and proving 

its accuracy and reliability through laboratory and in-

flight inter comparison measurements. 

I designed and prepared a new two channel hygrometer system in 

which I also implemented the techniques introduced in T1 and T2. I 

tested the system through blind laboratory and in-flight inter 

comparison measurements. At both tests due to the high dynamic 

range I had to use two reference instruments one at low and one at 

high concentrations. The measuring system was performing reliably 

during the tests, in comparison to the reference instruments it 

measured values typically with 5% or less relative deviation. During 

the development of the system similar result never had been 

achieved previously. 

  



T4: Designing and preparing the hardware of a data 

acquisition and control system for photoacoustic 

spectroscopic measurements: 

In order to extend the application area of the airborne measurements 

the improvement of the entire measuring system became necessary. 

Therefore, to replace the controlling electronics based on an industry 

standard embedded controller (NI SBRIO9642) I designed and 

prepared a new small in size and low in weight data acquisition and 

control system. As part of the system I also designed and prepared all 

the necessary peripherals such as voltage controlled laser driver, PI 

control based laser temperature stabilization, differential 

microphone amplifier, and other sensor signal conditioning circuits. I 

managed to achieve significant advancement in the laser 

temperature stabilization: reduced the uncertainty from 1 m°C to 

0.21 m°C and in the dynamic range (without sensitivity change): I 

increased it from 3.5 to 5.8 orders of magnitude. Furthermore, based 

on this new data acquisition and control system the measurement 

system probably can be prepared 40% smaller in size and 50-70% 

lighter. 

  



T5: Designing and preparing the software of a data 

acquisition and control system for photoacoustic 

spectroscopic measurements: 

I designed and prepared the software of the new data acquisition and 

control system in LabVIEW development environment: It defines the 

functionality of the hardware including all the analogue and digital 

in/output channels, digitalizing and lock-in evaluating the signals of 

the microphones even using 2(n)f technique. The implemented lock-

in amplifier is based on PLL (phase locked loop) signal generation and 

demodulation. I implemented two signal generators (laser control 

signals) and the data evaluation of two input channels (microphone 

amplifiers): Any of the signal generators can be assigned to any of the 

input channels in parallel using 1f or 2f lock-in data processing. 

Without significant modification of the software the system can be 

extended for more signal generators and input channels as well even 

at higher harmonics. The usage of the system resources is low (60%) 

therefore new functions measuring routines can be implemented 

upon need. 
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