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1. Scope of This Document  
 

This document contains information about:  

Å Theory of operation, scientific background of profiling and IWV / LWP radiometers  

Å Complete software description   

  

The methods and software features treated in this document apply to single-polarization 

radiometers of HATPRO types (profiling radiometers RPG-XXXPRO series), LWP 

multichannel radiometers (RPG-LWP-XXX series) and Tau/Tipping radiometers (RPG-

Tau-XXX).  

 

2. Theory of Operation  

2.1 General Remarks  
Atmospheric profiles of temperature, humidity, wind direction and speed are typically 

measured by radiosondes launched from facilities maintained by the national weather 

services. Their operation is expensive and requires extended logistics, and hence 

results in a poor spatial (several hundred kilometers at best) and temporal (about twice 

a day) coverage. Remote sensing of temperature and humidity profiles from satellites 

yields better spatial coverage especially over oceans and sparsely populated land areas, 

however, the obtained horizontal and temporal resolution is coarse. Due to their viewing 

geometry, the vertical resolution is good in the upper troposphere but deteriorates 

towards the surface. Because clouds strongly absorb in the infrared spectral region 

several satellite instruments (e.g. the Advanced Microwave Sounding Unit AMSU and 

the Special Sensor Microwave/Temperature SSM/T sounder) operate in the microwave 

region where clouds are semi-transparent. Profiling is achieved by measuring the 

atmospheric emission along the wings of pressure broadened rotational lines. The 60 

GHz oxygen absorption complex is typically used for temperature profiling while the 183 

GHz water vapor line is used for the humidity profile. Because the atmospheric opacity 

is high for both bands, the problem of the unknown surface emission is eliminated.  

The usefulness of ground-based microwave radiometry for the retrieval of temperature 

and humidity profiles has been proven for quite some time [e.g. Westwater et al, 1965; 

Askne et al, 1986]. Due to the low maintenance requirements of microwave radiometers, 

continuous atmospheric profiles can be measured which have the highest vertical 

resolution close to the ground in the planetary boundary layer. This feature is extremely 

important for the evaluation of (and incorporation into) high resolution numerical weather 

forecast models of the future. Due to technical improvements and the intensifying search 

for alternatives to radiosondes, multi-channel microwave radiometers for the operational 

profiling of tropospheric temperature and humidity have been developed in the last few 

years [Del Frate et al, 1998; Solheim et al, 1998].   

An additional advantage of ground-based microwave radiometers is their sensitivity to 

cloud liquid water. Over the land, passive microwave remote sensing is by far the most 

accurate method to measure the vertically integrated liquid water content (liquid water 

path, LWP)  other than sporadic and expensive in-situ measurements from research 

aircraft. More than two decades ago [Westwater, 1978] two channel radiometers were 

shown to achieve high accuracy in the retrieved LWP and the integrated water vapour 

content (IWV).  
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In the last few years, further improvements to the LWP retrieval have been made by the 

inclusion of additional microwave channels [Bosisio and Mallet, 1998] and the combination 

of microwave radiometer measurements with other ground-based instrumentation [Han and 

Westwater, 1995]. The potential of deriving cloud liquid water profiles, rather than just the 

column amount, using multi-channel measurements has been suggested by Solheim et al. 

[1998].  

Satellite based remote sensing of LWP over the oceans is a well established method [Grody, 

1993], however, the inhomogeneous distribution of clouds within the satellites field of view 

(typical several kilometers), can lead to substantial errors (von Bremen, private 

communications). This effect has mostly been neglected for ground-based radiometers 

whose viewing geometry is often assumed to behave as a pencil beam although the spatial 

and temporal variability of clouds is high even on scales below the resolution of most 

radiometers [Rogers and Yau, 1989]. With a typical wavelength of about 1 cm, practical 

considerations about the antenna aperture size (about 20 cm) lead to half-power beam widths 

from 2° to 4° for conventional radiometers. These beam widths correspond to footprints of up 
to several 100 m at cloud base heights.    

 
  

Fig.2.1: Atmospheric emission of liquid water, water vapour and oxygen. The frequency 

bands marked in blue are utilized by RPGôs radiometers to derive LWP, IWV, Humidity 

and Temperature Profiles (full troposphere and boundary layer).   
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Atmospheric water vapor profile information is derived from frequency channels covering 6  

GHz of the high frequency wing of the pressure broadened, relatively weak water vapor line 

(22-28 GHz). With a pressure broadening coefficient of about 3 MHz/hPa information 

between approx. 300 and 1000 hPa can be resolved with the spectral measurements. In the 

center of the oxygen absorption complex the atmosphere is optically thick and the measured 

radiation originates from regions close to the radiometer. For frequencies further away from 

the line center the atmosphere gets more transparent and the channels receive radiation 

which originates from regions more distant to the radiometer (see Fig.2.1). Due to the known 

mixing ratio and the temperature dependence of the absorption coefficient of oxygen, 

information about the vertical temperature distribution is contained in the channels spanning 
the 8 GHz of the low frequency side.   

For a ground based radiometer pointing to zenith, well defined weighting function peaks for 

each frequency are observed (see Fig.2.2b). If the elevation angle is lowered, (and hence 

the atmospheric path is increased), the peaks shift to lower altitudes. This demonstrates the 

radiometerôs superiority in the retrieval of the planetary boundary layer temperature.  

The cloud liquid water contribution to the microwave signal increases roughly with the 

frequency squared. It depends on temperature and is proportional to the third power of the 

particle radius. Therefore measurements at two channels, one influenced mainly by the water 

vapor line and one in the 30 GHz window region lead to good estimates of LWP and IWV 

[for example Westwater, 1978].   

  

  

Fig.2.2: Weighting functions for the oxygen line complex channels.  

  

2.2 Retrieval of Atmospheric Variables  
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Artificial neural networks (ANN) are increasingly used for the retrieval of geophysical 

parameters from measured brightness temperatures (for example Del Frate et al, 1999; 

Solheim et al, 1999; Churnside et al; 1994). They can easily adapt to nonlinear problems 

such as the radiative transfer in the cloudy atmosphere. Additionally, input parameters 
of a diverse nature can be easily incorporated into neural networks.  

We use a standard feed forward neural network [Jung et al., 1998] where the cost 

function is minimized employing the Davidon-Fletcher-Powell algorithm. The 

architecture of the ANN used for the retrieval includes an input layer consisting of 

simulated brightness temperatures for the PRG-HATPRO frequencies, a hidden layer 

with a certain number of neurons (nodes) and an output layer with the atmospheric 

variable of interest (LWP, IWV, temperature, or humidity profile). To derive the weights 

between the nodes of the different layers we generated a data set comprising about 

15,000 possible realizations of the atmospheric state, which was divided into three sub 

sets; the first for training, the second for generalization (finding the optimum number of 

iterations to avoid over fitting), and the third for evaluating the retrieval RMS. For each 

output parameter the optimal network configuration ï number of nodes in the hidden 

layer, number of iterations and initial weight ï was derived and the retrieval performance 

was evaluated using the third data subset. Generally, it can be stated that all algorithms 

developed show no systematic errors.  

The data set is based on atmospheric profiles of temperature, pressure and humidity 

measured by radiosondes. In order to analyze profiles of cloud liquid water content 

(LWC) from the radio soundings, we chose a relative humidity threshold of 95 % as a 

threshold for the presence of clouds and calculated a modified adiabatic LWC-profile as 

proposed by Karstens et al. [1994]. Radiation transfer calculations were performed for 

each radio sounding using MWMOD [Simmer, 1994, Fuhrhop]. A random noise of 1 K 

was added to the resulting brightness temperatures to simulate radiometric noise. 

Realistic noise was also added to the other potential input parameters like the standard 

meteorological measurements (ground level temperature (Tgr), pressure (pgr), relative 

humidity (qgr)) and the cloud base temperature (Tcl) as derived by an infrared 

radiometer (if provided).   

It should be noted that a limitation to ANN algorithm, as to all statistical algorithms, is 

that they can only be applied to the range of atmospheric conditions, which is included 

in this data set. When extrapolations beyond the states included in the algorithm 

development are made, ANNs can behave in an uncontrolled way, while simple linear 

regressions will still give a reasonable, although erroneous, result. Quadratic 

regressions offer the robustness of a linear regression retrieval with the advantage to 

model nonlinearities much better than linear regressions. In many cases where unusual 

atmospheric conditions are likely the quadratic regression is the best choice.  

 

2.3 TEMPRO / HATPRO / LHATPRO Operating Modes  
  

The RPG-HATPRO (and related radiometers) supports two temperature profiling 

modes: Full troposphere profiling (frequency scan across the oxygen line) and boundary 

layer scanning (elevation scan @ 54.9 and 58 GHz). 22.4 GHz WVL humidity profiling 

is only available for the full troposphere mode (HATPRO) due to the lack of opaque 

channels on the water vapour line at 22.4 GHz. The much more intense water vapour 
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line at 183.31 GHz, observed by the RPG-LHATPRO, allows for a humidity profiling BL 
scanning mode.   

  

            
  

Fig.2.3: Elevation scanning technique used for boundary layer temperature profiling.  

  

For boundary layer temperature profiling the radiometer beam is scanned in elevation 

between 5° and zenith (Fig.2.3). At the frequencies in use (54.9 GHz and 58 GHz) the 

atmosphere is optically thick. The frequencies weighting functions peak at 500 m (58 

GHz) and 1000 m (54.9 GHz), see Fig.2.2. The receiver stability and accuracy has to be 

optimized due to the small brightness temperature variations that must be resolved in 

the elevation scanning method. In the RPG-HATPRO models the receiverôs physical 

temperature is stabilized to better than 30 mK over the whole operating temperature 

range (-45°C to 50°C) to guarantee a high gain stability during measurements (>200 

sec). The receiver noise temperature is minimized to be better than 700 K which 
optimizes the overall noise level.  

  

2.4 Vertical Resolution  
  

From the weighting functions corresponding to the various water vapour line and oxygen line 
profiling frequencies, the vertical resolution of the retrieval outputs can be derived:   

  

Å Tropospheric temperature profiles (0-10000 m):  200 m (<5000 m altitude), 400 m 
above, profile accuracy: +/- 0.6 K RMS (0-2000 m), +/- 1.0 K RMS (>2000 m)   

Å Boundary layer temperature profiles (0-1200 m), 30 m vertical resolution on the 
ground 50 m between 300-1200 m, profile accuracy: +/- 0.7 K RMS  

Å Tropospheric humidity profiles (0-5000 m), 200 m vertical resolution (0-2000 m), 400 
m (2000 m ï 5000 m), profile accuracy: +/- 0.4 g/m3 RMS  
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3 Calibrations  
  

Calibration errors are the major source of inaccuracies in radiometric measurements. The 

standard calibration procedure is to terminate the radiometer inputs with two absolute 

calibration targets which are assumed to be ideal targets, meaning their radiometric 

temperatures are equal to their physical temperature. This assumption is valid with reasonable 

accuracy as long as proper absorber materials are chosen for the frequency bands in use and 

barometric pressure corrections are applied to liquid coolants in the determination of their 
boiling temperature.  

  

3.1 Absolute Calibration  
  

A calibration target is considered to be an absolute standard when it is not calibrated by 
another standard. RPGôs radiometers are shipped with two calibration targets of this category.  

  

3.1.1 The Internal Ambient Temperature Calibration Target  
  

RPGôs profiling, LWP and tipping radiometers are equipped with an internal absolute ambient 

temperature calibration standard as shown in Fig.3.1. Other radiometer models, like the RPG-

15-90, RPG-HALO-KV, RPG-HALO-119-90 and RPG-HALO-183 are using external ambient 
temperature targets.   

The built-in ambient temperature load is one of the instrumentôs key components. The 

pyramidal absorber material is made from carbon loaded foam with low thermal capacity. The 

target is hermetically isolated by low and high density styrofoam with no exchange of air 
between the interior and environment (see Fig.3.1).   

 

  
Fig.3.1: Ambient temperature target cross section (only profiling, LWP and tipping radiometers).  
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The air within the styrofoam box is dried with silica desiccant to avoid condensation of water 

on the inner styrofoam surfaces. Most important for the cancellation of thermal gradients 

across the load is the closed cycle venting of the enclosed air as indicated in Fig.4.1. The 

foam absorber is perforated between the pyramids so that air from the bottom of the absorber 

can flow into the volume above the pyramids. The air flow is driven by four miniature fans 

which maintain a steady exchange of air and thus thermal equalisation of the absorber 
material.   

For measuring the precise temperature of the internal calibration load the radiometer is 

equipped with gauged thermo-sensors offering a guaranteed absolute accuracy of ±0.1 K. 

This accuracy is only realistic if the sensor is actively cooled to the air temperature inside the 

load which is achieved by placing the sensor into the stream of air close to one of the fans. 

This reduces the internal thermal gradient caused by the sensorôs bias current. The top 

isolation plate is made from low density styrofoam with negligible microwave absorption at 
frequencies up to 100 GHz.  

The major advantage of the ambient load is the fact that no active thermal stabilization by 

heaters or coolers is necessary. For a calibration load it is not essential to keep its temperature 

constant for all external thermal conditions but to know its precise physical temperature and 

to keep thermal gradients as small as possible (which is not achieved by heating or cooling 

the load from the bottom!). According to these requirements the described load is almost ideal. 

Furthermore the load has a minimized weight since it is mainly made of styrofoam and foam 
absorber.  

  

For the radiometer models RPG-15-90, RPG-HALO-KV, RPG-HALO-119-90 and RPGHALO-

183 an external ambient temperature target is used. Its physical temperature is measured by 
a certified thermometer, pushed into the foam pyramidal absorber.  

  

3.1.2 External Liquid Nitrogen Cooled Calibration Target  
  

Another absolute calibration standard is the liquid nitrogen cooled target that is attached 

externally to the radiometer box (see Fig.3.2). This standard - together with the internal 

ambient load - is used for the absolute calibration procedure. The cooled load is stored within 
a polystyrene container. 60 litres of liquid nitrogen is needed for one filling.  

The boiling temperature of the liquid nitrogen and therefore the physical temperature of the 

cold load depends on the barometric pressure p. The radiometerôs pressure sensor is read 

during absolute calibration to determine the corrected boiling temperature TC according to the 

equation:  

 

 

 

 

 

T0 = 77.36 K is the boiling temperature at 1013.25 hPa, æH is the latent heat of liquid nitrogen 
and R is the universal gas constant.   

 

The described cold target is used for all profiling, LWP and Tipping radiometers.  
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Fig.3.2: External cold load attached to the radiometer box.  

  

 

3.1.3 General Remarks on Absolute Calibrations  
  

After the system has been turned on, at least 30 minutes are required for warming up and 

stabilization of all receiver components. To ensure accurate measurements, an absolute 

calibration should be performed only after completed warm-up. It is recommended to repeat 

this calibration every 5 to 6 months of operation or after transportation of the system. This will 
recalibrate the built-in noise standards needed for the automatic regular calibration cycles.  

  

3.1.3.1 System Nonlinearity Correction  

  

A common simplification in the design of calibration systems for total power receivers is the 

assumption of a linear radiometer response. In this case a simple two point calibration 

(hot/cold) is sufficient to determine the system noise equivalent temperature (Tsys, offset noise) 

and system gain (G, slope of the linear response). Accurate noise injection measurements [2], 

[3] have shown that the assumption of linear system response is not valid in general. 

Calibration errors of 1-2 K have been observed at brightness temperatures in between the two 

calibration target temperatures. This system nonlinear behavior is mainly caused by detector 

diodes [1] needed for total power detection. Even in the well-defined square law operating 

regime (input power < -30 dBm) the detector diode is not an ideal element of perfect linearity. 
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The noise injection calibration algorithm implemented in all RPG radiometers corrects for 
these nonlinearity effects.  

The system nonlinearity is modelled by the following formula:   
 

               U GP= a
  ,    19.0 <¢a                (1) 

  

where U is the detector voltage, G is the receiver gain coefficient,  is a nonlinearity factor 

and P is the total noise power that is related to the radiometric brightness temperature TR 
through the Planck radiation law:   

 

 

 

  

(the proportionality factor is incorporated in G). TR is the sum of the system noise temperature 
Tsys and the scene temperature Tsc.  
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Fig.3.3: Detector response as a function of total noise temperature. Tsys  is the system 

noise temperature, Tn  the additionally injected noise, Tc the total noise when the 

radiometer is terminated with a cold load (e.g. liquid nitrogen cooled absorber) and Th  

the corresponding noise temperatures for the ambient temperature load.  

  

The problem is how to determine G, a and Tsys experimentally (three unknowns cannot be 

calculated from a measurement on two standards). A solution is to generate four temperature 

points by additional noise injection of temperature Tn which leads to four independent 

equations with four unknowns (G, a , Tsys and Tn) The procedure is illustrated in Fig.3.3: 

During the calibration cycle the elevation mirror automatically scans the two absolute targets. 

The initial calibration is performed with absolute standards and leads to the voltages U1 and 
U3. By injection of additional noise U2 and U4 are measured. For example U2 is given by 
 

    U G P T P T P Tsys cold n2 = + +( ( ) ( ) ( ))a                  (2) 

 

Tcold is the radiometric temperature of the cold target. The evaluation of the corresponding 

equations for U1, U3 and U4 results in the determination of Tsys, G, a and Tn. It is important to 

notice that the knowledge of the equivalent noise injection temperature Tn is not needed for 
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the calibration algorithm. It is only assumed that Tn is constant during the measurement of U1 
to U4. 

After finishing the procedure the radiometer is calibrated. With the four point calibration method 

also the noise diode equivalent temperature Tn is determined. Assuming a high radiometric 

stability of the noise injection temperature, following calibrations can use this secondary 

standard (together with the built-in ambient temperature target) to recalibrate Tsys and G 

(considering a to be constant) without the need for liquid nitrogen.  
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3.1.3.2 Avoiding Errors from Variable System Noise Temperature  

  

All losses in the receiver system contribute to the system noise temperature. A significant 

system noise contribution is related to the receiver optics. A corrugated feedhorn operated at 

90 GHz has a typical loss of L=0.5 dB. At a physical temperature of 300 K such a feedhorn 
contributes with 30 K to system noise according to the formula  

   

 

 

  

T0 is the physical temperature of the horn. A change of the feedhornôs physical temperature 

from 0°C to 30°C leads to a system noise increase of 3 K which corresponds to an error in the 

absolute brightness temperature. For this reason the antenna has to be thermally stabilized 
together with the receivers.   

The brightness temperature errors introduced by optics that are not thermally stabilized 

cannot be corrected by the implemented noise standard calibration because the noise source 

power enters the signal path behind the feedhorn and thus is not changed by a variable 

antenna temperature.  

  

3.2 Noise Injection Calibration  
  

G5 radiometers are equipped with a totally reworked data acquisition system. Its key feature 
is a 20 times faster channel sampling rate (4000 samples / sec / channel) which enables the 
receivers to efficiently take advantage of the noise injection system (noise adding 
radiometer). The G5 radiometerôs calibration noise switching is fast enough to completely 
cancel 1/f receiver instabilities (non-white noise contributions). This implies that the 
radiometerôs brightness temperature noise performance can be characterized by the ideal 
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radiometer formula, meaning that the observed signal noise is reduced by the maximum rate 
when integrating on the sky or on calibration targets. 
The new data acquisition system raises G5 radiometers to the category of precision 
instruments with brightness temperature accuracies of better than 0.1 K RMS. Allan variance 
measurements performed on the PT-V1 precision target have demonstrated a receiver 
stability of at least a few thousand seconds when operated in noise adding mode.  
 
 

3.3 Gain Calibration (Relative Calibration)  
  

Another calibration is the gain calibration method. It only corrects for gain drifts (G) but not for 

changes in system noise temperature Tsys. The receiver gain is most sensitive to even small 

changes in the physical temperature of the receiver components. During calibration the 

elevation mirror scans the built-in ambient temperature target (one calibration point only). With 

the assumption of constant Tsys the system gain can be recalibrated. The duration of the gain 
calibration is about 10 seconds. It is recommended to repeat it every 60 minutes.   

 

 

3.4 Sky Tipping (Tip Curve)  
  

Sky tipping (often referred to as tip curve calibration) is a calibration procedure suitable for 

those frequencies where the earthôs atmosphere opacity is low (i.e. high transparency) which 

means that the observed sky brightness temperature is influenced by the cosmic background 

radiation temperature of 2.7 K. The humidity profiler channels are candidates for this 

calibration mode. High opacity channels like all temperature profiler channels >53 GHz are 
saturated in the atmosphere and must be calibrated by other methods.  

Sky tipping assumes a homogeneous, stratified atmosphere without clouds or variations in the 
water vapo r distribution. If these requirements are fulfilled the following method is applicable:  

The radiometer scans the atmosphere from zenith to around 14° in elevation and stores the 

corresponding detector readings for each frequency and angle. The path length for a given 

elevation angle  is 1/sin( ) times the zenith path length (defined as one ñair massò), thus the 

corresponding optical thickness should also be multiplied by this factor (if the atmosphere is 
stratified!).  

When radiation of intensity Iɜ (ɜ denotes a certain frequency) passes through an infinitely thin 
slice of gas, Iɜ is reduced by dIɜ given as 

 

dsIdI nnn k-=  

 

where əɜ is the absorption coefficient and includes all processes implying a loss of photons on 
the way down to the radiometer. Integration over a finite sheet of gas leads to: 
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I0ɜ is the intensity before entering the sheet. The optical thickness is defined as: 
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Spontaneous emission in the sheet increases the intensity. Atmospheric molecules perform 
rotational or vibrational transitions in the radiation field: 

 

dsdI nn e=  

 

where Ůɜ is the emission coefficient at frequency ɜ. The emission coefficient depends on 

pressure, temperature and chemical composition of the gas and has to be calculated quantum 
mechanically. 

The total change of intensity for the infinitely thin gas sheet is then: 
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We define the ratio Ů / ə as the source function S. Then we get: 
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Integration leads to: 
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This is identical to the more common version of the radiative transfer equation: 
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A sheet of optical thickness Űɜ absorbs a part of incident radiation Iɜ0 and emits radiation at 

each position, which is partly absorbed by (Űɜ-Űɜô). In order to obtain the intensity on the ground, 

we have to compute the integral along the whole line of sight through the gas, Űɜ is the total 
optical thickness of the gas layer.  

  

With the definition of the mean radiation temperature Tmr :  

 

 

 

 
 

the optical thickness is related to the brightness temperature by the equation:  
  

 

 

  
 

Tmr is a mean atmospheric temperature in the direction , TB0 is the 2.7 K background radiation 

temperature and TB  is the brightness temperature of the frequency channel.  The attenuation 

A in dB is related to  by the following formula:  
  

  

 

  

Tmr is a function of frequency and is usually derived from radiosonde data. A sufficiently 

accurate method is to relate Tmr with a quadratic equation of the surface temperature 
measured directly by the radiometer.  
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Fig.3.5: Extrapolation of tipping response to 2.7 K free space temperature.  

  

The optical thickness as a function of air mass is a straight line (see Fig.3.5) which can be 

extrapolated to zero air mass. The detector reading Usys at this point corresponds to a 

radiometric temperature which equals to the system noise temperature plus 2.7 K: Usys = 

G*(Tsys + 2.7 K). The proportionality factor (gain factor) G can be calculated when a second 

detector voltage is measured with the radiometer pointing to the ambient target with known 

radiometric temperature Ta. The sky tipping calibrates the system noise temperature and the 
gain factor for each frequency without using a liquid nitrogen cooled target.   

The disadvantage of this method is that the assumption of a stratified atmosphere is often 

questionable even with clear sky conditions due to invisible inhomogeneous water vapour 

distributions (e.g. often observed close to coast lines). The built-in sky tipping algorithm 

investigates certain user selectable quality criteria to detect those atmospheric conditions that 
do not fulfil the calibration requirements. The most important criteria are:  

  

Å Linear correlation factor. This measures the correlation of the optical thickness samples (as 

a function of air mass) with a straight line. Typical linear correlation factor thresholds are 

>0.9995. The linear correlation factor is not sensitive for the noise of the optical thickness 
samples caused by clouds etc.   

Å 2̝-test. This measures the variance of the optical thickness samples relative to the straight 

line in Fig.3.5. Typical threshold values are <0.4 for a good quality calibration.  

  

The tip curve calibration is considered to be the most accurate calibration method. The 

brightness temperatures acquired in the elevation scan are close to the scene temperatures 
measured during zenith observations.  

  

 

air mass 
)] /sin(Alpha [1 

otical  
thickness 

     1 
zenith ( ) 

     0 
space ) ( 

Wsys 



  Code: RPG-MWR-STD-SW Issue: 01/17 
Date: 07.07.2021 Pages: 197 

Principle of Operation & Software 

(standard radiometers) 
 

 

24      

COMPANY RESTRICTED 

3.5 Calibration Equations  
  

Relation between detector voltages Ud  and scene temperatures Tsc :  

  

Ud = G ( Tsys + Tsc )Alpha , for radiometers without Full Dicke Switching Mode (Type 1)  

Ud = G ( Tsys + Tsc ), for radiometers with Full Dicke Switching Mode (Type 2)  

  

System Noise Temperature Tsys , Noise Diode Temp. TN  and Gain G:  

  

Absolute Calibrations (Hot / Cold): detector voltages on black body target (temperature TH = 
Tamb): UH , cold target (LN or Skydip, temperature TC): UC :  

  

Y = ( UH / UC )1/Alpha ,  Tsys = (TH ïY * TC)/(Y - 1) ,  0.95 < Alpha <= 1  (sec. 4.1.3.1), Type 1  

Y = ( UH / UC ),  Tsys = (TH ïY * TC)/(Y - 1) ,   Type 2  

G = UH / (Tsys + TH)Alpha ,   Type 1  

G = UH / (Tsys + TH) ,   Type 2  

On black body target (Tamb), noise diode turned off: U-N , noise diode turned on: U+N   

TN = (U+N / G)1/Alpha - Tsys - Tamb  ,  Type 1  

TN = (U+N - U-N) / G  ,  Type 2  

Type 2 only: Dicke Switch (DS) ON, radiometer pointing to amb. temp. target:   

DelT = UDS / G ï Tsys  - TDSp ,   

Dicke Switch (DS) leakage (Type 2 only): DS ON, radiometer pointing to cold target: Alpha 
= (TDSp + DelT ï (UDS / G ï Tsys)) / (TDSp + DelT - TC)   

  

If a liquid nitrogen cooled target is used, the following correction has to be applied:  

  

TC [K]= 77.36 -8.2507e-3*(1013.25- P) + 1.9 , P in mbar, 1.9 K is correction for surface 
reflection on LN (n = 1.2)  

  

Continuous full calibration on scene (Type 2 only): Noise Diode turned off: U-N , noise diode 

turned on: U+N , radiometers looking on scene temperature Tsc, Dicke switch turned ON 

(blocking scene), physical Dicke switch temperature TDSp:  

  

G = (U+N - U-N) / TN ,  Tsys = U-N / G ï (TDSp + DelT ï Alpha * (TDSp - Tsc)),  Alpha= DS leakage 
(determined in absolute calibration)  

  

Continuous noise switching on scene (Type 1 only): noise diode turned off: U-N , noise diode 

turned on: U+N (10 Hz), radiometers pointing to scene (temperature Tsc):  
  

D = (U+N / U-N)1/Alpha ï 1 ,  Tsc =  (TN ï D * Tsys) / D  ,  G = U-N / (Tsys + Tsc) Alpha  
Calibration on ambient temp. black body target (Tamb):  Tsys = (Ud / G)1/Alpha  - Tamb  
Type 1, no noise switching:  

  

gain calibration on ambient temp. target (Tamb):  G = Ud / (Tsys + Tamb)Alpha noise 

calibration on ambient temp. target (Tamb):    

D = (U+N / U-N)1/Alpha ï 1 ,  Tsys = (TN ï D *  Tamb) / D ,  G = U-N / (Tsys + Tamb) Alpha  
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4 Software Description  
  

The following conventions are used in this software description:  

Å Messages generated by the program that have to be acknowledged are printed in red. 

Example:  Master Radiometer does not respond  

Å Button labels are printed in green: Cancel  

Å Messages that have to be answered by Yes or No are printed in light blue: Overwrite 
the existing file?  

Å Labels produced by the software are printed in grey: UTC  

Å Names of group boxes are printed in blue. Example: Radiometer Status on the main 
screen.  

Å Names of tabs are printed in purple: Sky Tipping  

Å Names of menus are printed in black: File Transfer  

Å Labels of Entry-Boxes are printed in light blue: Const. Elev. Angle  

Å When a speed button shall be pressed, this is indicated by its symbol:   

Å Hints to speed buttons are printed in brown: Define Serial Interface  

Å Selections from list boxes are printed in magenta: Celsius  

Å Selections from radio buttons or check boxes are printed in dark green: COM1  

Å File names are printed in orange: MyFileName  

Å Directory names are printed in dark blue: C:\Programs\RPG-HATPRO\  

  

4.1 Installation of Host Software  
  

4.1.1 Hardware Requirements for Host PC  
  

The hardware requirements for running the host PC (H-PC) software are:  

Å Pentium based PC, 1.0 GHz clock speed minimum  

Å 600 MB free RAM for software execution  

Å Ethernet interface for G4 models and higher (no need for serial interface)  

  

4.1.2 Directory Tree  
  

To operate the H-PC software without problems, a proper installation of the retrieval files 

(required to perform online calculations of atmospheric parameters like profiles, LWP, IWV 
etc.) is required.  

By clicking on the desktop icon  the executable H-PC program R2CH.EXE is started 

(runs on Windows NT4.0®, Windows 2000®, Windows XP®, Windows Vista®, Windows 7®). 

On pre-installed PCs this file is located in C:\ RPG-XXX\, where óXXXô stands for the 

radiometer model (e.g. HATPRO, TEMPRO, HUMPRO, LWP-U90, etc.). This directory 

path can be changed to any other path (in the following referred to as 

MY_DIRECTORY\RPGXXX\). Of course the corresponding desktop link has to be modified 
accordingly.  
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In the case that the user wants (or has) to install the software himself the following steps 
should be performed:  

Å Start your Windows® operating system  

Å Start the Windows Explorer®  

Å Insert the Radiometer memory stick  

Å In Windows Explorer® click on the flash drive   

Å Click on the RPG-XXX-folder and drag the whole folder to MY_DIRECTORY\ (user 
selectable).   

  

Example: If óMY_DIRECTORY\ô is the directory D:\Programs\ the complete tree should 
look lik this:  

  

D:  

 |---Programs  

|---RPG-XXX  

|       |---AGENTS   

|       |---AUTO_MDF 

|       |---AutoViewer  

|       |---AUTO_RS 

|       |---CONFIG    

|       |---Data  

|       |---Help  

|       |---LICENSE  

|       |---LOG   

|       |---MDF_MBF  

|       |---Radiometer PC  

|       |---Retrievals  

|                    |---Attenuation  

|                    |---BINARY  

|                    |---HProfile  

|                    |---IWV  

|                    |---LWP 

|                    |---Miscellaneous  

|                    |---SPC 

|                    |---TMR  

|                    |---TProfile_BL 

|                    |---TProfile_TROP  

|       |---TEMP  

|       |---TRACKING 

|       |---Translation  

  

  

The RPG-XXX -directory contains (at least) the following files:  

  

Å  VCL50.BPL   : System library extension file (can be different in future   

          releases)  
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Å  VCLX50.BPL   : System library extension file (can be different in future   

          releases)  

Å  BORLNDMM.DLL  : Dynamic link library, Memory Management  functions (can be   

different in future releases)  

Å  CC3250MT.DLL  : Dynamic link library, Core functions (can be different in future   

          releases)  

Å  NETCDF.DLL   : Dynamic link library, netCDF file format routines  

Å  NETCDF.LIB   : netCDF library file  

Å  R2CH.EXE    : Radiometer software  

Å  R2CH.CFG    : Radiometer software configuration file (in é\CONFIG\) 

Å RS.FMT : Radiosonde file format archive (in é\CONFIG\) 

      

The AUTO_MDF subdirectory (this directory may be renamed) is used for Automatic MDF 

control. If this mode is activated, the software will inspect this directory for MDF or MBF 

files to be executed. The execution of MDFs by the radiometer can be controlled via simple 
file transfers this way.  

The AutoViewer subdirectory (this directory may be renamed) is used to store the level 1 

data files for measurement simulations. When running the Auto Viewer, these data files act 

as a data source that simulates a connected radiometer. While executing, the H-PC 

displays are looking as if a real measurement is running. This feature is useful for checking 

new program featured and retrievals or to illustrate the systems functionality without having 
a radiometer connected to the H-PC.  

The radiometer configuration file and archive for radiosonde data formats is stored in 
CONFIG. 

Data is reserved for measurement data files including user defined sub-directories or 

archiving sub-directories. Of course the user can create any other directory for his data file 

storage.  

Help (must not be renamed) contains all RichText (*RTF) files for the help system. 

In LICENSE you find the license ID for your radiometer. This is needed to get the unlimited 
license after all payment is done. 

MDF_MBF directory is empty after installation and is intended for the Measurement Batch 

Files and Measurement Definition Files needed to initiate a measurement.  

TRACKING is reserved for RINEX navigation files needed for the satellite tracking mode 
(see section 4.9.4.1).  

Retrievals and its subdirectories should never be changed (renamed or deleted) since the 

software assumes to find all retrieval files here. The retrievals for humidity profiles are 

stored in HProfile, tropospheric retrievals for temperature profiling are stored in 

TProfile_TROP etc. When the user develops his own retrieval files he must store the 
retrieval in one of the 6 category directories.  

The Translation subdirectory (must not be renamed!) stores the translation files needed 

for the multi-lingual system. The user may select one of the following languages: English, 
Chinese, German, Korean, French, Spanish or Italian.  

Click into MY_DIRECTORY\RPG-XXX\ and locate R2CH.EXE. When clicking on this file 

with the right mouse button a list of actions is displayed. Select the óDesktop (Create 
Shortcut)ô option to generate an icon on the desktop.  

The RS.FMT is an archive for radiosonde data formats. The user can extend this archive 
as described in 4.16.2.  
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4.2 Getting Started  
  

When clicking on the desktop icon  to start the H-PC software R2CH.EXE, the following 

introduction window appears:  

  
 

It displays the current version number, a few examples of instrument deployments, a list of 

supported RPG radiometer models and (in red) a hint to press <ESC> if you want to change 

some of the starting configuration settings (black arrow). By pressing <ESC> during 

software start, the user enters a menu where he can overwrite some settings of the 

automatically loaded configuration file R2CH.CFG. This can be very useful, e.g. when the 
H-PC software is configured for óAuto Connectô in auto start mode but the user wants to 

change the IP address of host and/or radiometer PC.  

 

4.2.1 Interfacing via Ethernet 
  

If a data cable is installed between the H-PC and the radiometer (see Installation Manual), 
the user should select an Ethernet connection with IP and Gateway port definitions.  
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This is done by clicking  (Define Serial / TCP-IP Interfaces) which opens the menu 
below.  

 

 
  

The R-PC is delivered with a certain fixed IP address (default: 192.168.0.1, port no.:7777) 

which can be altered later. For a fist connection the user needs to enter this IP to the edit 

fields right to óRadiometer IP:ô (see encircled line above).  The radiometer Gateway is set 

to the same address as the radiometer IP, which is needed for a peer-to-peer connection 

between the radiometer and the H-PC. A peer-to-peer connection is an Ethernet connection 
between two PCs without using a network in between.  

In order to set up a peer-to-peer connection, the H-PC must have a fixed IP address 
as well and its gateway set to the same IP address.  

For changing the radiometer IP and gateway, e.g. when the radiometer shall be connected 

to a network, click Change Radiometer Settings (a new menu pops up) and edit the fields 
to the desired numbers:  

  

                                        
  

The red IP / gateway settings are sent to the radiometer by clicking Send to Radiometer. 

After new IPs have been successfully sent to the R-PC, it will be no longer reachable 

through the old IP / gateway addresses. In the case of a successful transfer of the new IP 
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/ gateway to the radiometer, the new IP is copied to the current IP fields automatically so 
that the H-PC can continue its connection to the radiometer. Then click Connect.  

You may test the connection with Test LAN Connections. The H-PC will then try to get 

access to the R-PC via the specified IP address. If the connection is successful, the blue 
field will show óSTANDBYô, otherwise óFailed to connect!ô.   

 

  

Example:  

Consider a newly delivered radiometer with initial IP of 192.168.0.1, gateway of 192.168.0.1 

and with port address 7777. In order to connect to this radiometer directly in a peer-to-peer 

connection, the radiometer communication cable must be connected DIRECTLY (not via a 

network) to the Ethernet connector of the H-PC. Without limitation of generality, letôs 

assume the H-PC IP to be 172.23.156.66. In order to tell the H-PC to directly listen to the 

LAN interface (NOT via a network gateway), its gateway should also be set to 

172.23.156.66 to enable a peer-to-peer connection. If the H-PC is configured this way, the 
user should modify the TCP-IP interface menu like this:  

 
  

The black ellipse marks the R-PCôs default IP and the green ellipse marks the H-PC IP 
setting.  

In order to modify the H-PC settings, click on the Change button and the following menu 
shows up (with possibly different settings):   
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For establishing a peer-to-peer connection, click the Peer-to-Peer Connection button. The 

gateway address will be copied from the H-PC IP. Then click Apply and the H-PC will be 

ready to connect to the radiometer. By clicking on Test LAN Connections, the connection 

between H-PC and R-PC can be checked. If a connection can be established, the message 
óSTANDBYô will be shown in the blue field.  

Let us now assume, the userôs administrator wants to connect the radiometer to a network 
with the following network settings:  

  

IP: 160.144.13.104  

Standard Gateway: 160.144.11.1  

Port Address: 6565  

  

The way to send this new configuration to the R-PC is the following:  

1. Click on Change Radiometer Settings. The fields for the new radiometer IP and 
radiometer gateway are displayed in red. Edit these fields to the following settings:  

  

                                       
  

  

2. Then click on Send to Radiometer. The settings in red are now transferred to the R-

PC. If the radiometer has successfully changed its IP / gateway / port settings, a 
confirmation message is displayed.  
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3. After the IP / gateway / port numbers have been altered on the radiometer, it is not 

possible to connect to it anymore through a peer-to-peer connection. Therefore, connect 
the radiometerôs communication line to the network.  

4. Let us assume, the userôs administrator has reserved the following network settings for 
the H-PC:  

  

IP: 160.144.13.201  

Standard Gateway: 160.144.11.1  

  

Modify the H-PC TCP/IP settings by clicking Change and enter the new settings. Confirm 
your changes with Apply. The H-PC then needs to be connected to the network as well.  

Now both, the R-PC and the H-PC, are properly connected to the network with specific 

unique addresses and a connection between the two can be established over the network 

(e.g. click on Connect to verify this). Click Apply in the Define Serial / TCP-IP Interfaces 

menu to save the new settings.  

If Auto Connect is checked, the H-PC software automatically attempts to connect to the 

radiometer during the starting phase (if a data cable is detected). This feature enables an 

auto-startup function after a power failure of the H-PC. The radiometer embedded PC will 

automatically continue a measurement after a power failure when the power returns. To 

start the H-PC software automatically after reboot of the operating system, the R2CH.EXE 

should be entered into the OS Auto Start directory or an appropriate task should be defined 
in the schedule.  

The radiometer status display can be disabled ( ) or enabled (  ) at any time. In 
general the display should be enabled because certain automatic tasks (like logging of all 
calibration activities) are only performed when the status display is enabled.  

  

 

4.2.2 VPN Connections  
  

If the H-PC is located far from the local network to which the radiometer is connected, the 

H-PC is typically using a VPN (Virtual Private Network) connection to the local network. 

This VPN connection is acting as a virtual adapter on the H-PC and can be inspected in 

the Host Adapter Settings menu. If you are not familiar of how to set up a VPN connection 
to a local network on your H-PC, please contact your network administrator.  

  



  Code: RPG-MWR-STD-SW Issue: 01/17 
Date: 07.07.2021 Pages: 197 

Principle of Operation & Software 

(standard radiometers) 
 

 

34      

COMPANY RESTRICTED 

                  
  

The VPN service must be started on the Host-PC before it can be detected by the Host 

SW. By checking the Use VPN if available box, you can ensure that the H-PC will always 

prefer the VPN connection over other active adapters on the system. For a long term 

installation the VPN connection should be configured with re-dial option for the case that 

the VPN connection is interrupted. The Host-PC will then automatically reconnect to the 
radiometer as soon as the VPN becomes operational again.  

  

4.2.3 Ethernet Passwords  
 

When the radiometer becomes part of a network (not in a peer-to-peer connection), it acts 

as a server that will only allow one client (H-PC) to connect to it. In principle, any client, 

who uses a valid network address and knows the radiometerôs IP address, can connect to 

the radiometer. Therefore, the radiometer is using a password control system in order to 

identify the access right of a particular client. This password is called a User Access 

Password (UAPW) and it is defined by a person with administrator rights, who should be 

a single IT person responsible for the network. Also the network administrator has a 

password called the Administrator Password (AMPW).  
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When clicking Network Passwords from the Define Serial / TCP-IP Iinterfaces menu, a 
menu opens for defining such passwords:  

  

 
  

The menu appears in the way shown above (left), if the AMPW is already defined. In this 

case the fields to enter new passwords are disabled, until a valid AMPW is entered, which 

switches the menu to the status on the right. At radiometer delivery, the default AMPW is 

defined to be óAdministratorô. The responsible network administrator should overwrite the 

AMPW as soon as possible when the radiometer has been assigned a valid IP address in 

a network. The network administrator is the only person who is authorized to set the UAPW 
and the password checking enable / disable.  

A user who tries to connect to the radiometer with a valid UAPW (Lock In button) will be 

accepted if no other client is currently present. Otherwise he will be rejected and informed 

about the radiometer connection being occupied. Only the Administrator has the right to 

interfere in an established communication between the radiometer and a H-PC by clicking 

the Lock Out Current Client button. In this case the Administrator client becomes the new 
H-PC.    

When an administrator has entered a valid AMPW, he can define a new UAPW or enable / 

disable password checking by the radiometer. Once a UAPW check is enabled and the 
UAPW has been defined by the administrator, a client must enter the UAPW when he  
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connects to the radiometer. Otherwise the access will be denied. If a client has entered the 

correct UAPW, the connection to the radiometer can be established (assuming the client is 

the first client) and the UAPW is stored on the clientôs disk so that a new entry of the UAPW 

is not required if the client tries to connect to the radiometer multiple times. The UAPW can 

be deleted from disk by Clear User Password on this Host PC to enforce the entry of the 

UAPW next time a user wants to access the radiometer again.  

  

The UAPW entry cannot be over-ruled by an entry of the AMPW. When the UAPW entry is 

requested, only the correct UAPW is accepted. An administrator, who has forgotten the 

UAPW, can enter the correct AMPW and define a new UAPW or disable the password 
checking to get access to the R-PC.  

  

For radiometers of generation 1-5 the Network Passwords menu is also needed to define 

access passwords for the data server (see chapter 4.26). The instrument responds to 

certain client requests in a network in order to allow for immediate data access and / or 

direct radiometer control. Also the termination and start of MDFs / MBFs can be automated 
by the data server control commands.   

While the G4 and G5 radiometers are using the network passwords for both, the connection 

to the radiometer itself and the data server, G1 to G3 radiometers only need these 
passwords to access data via the data server.  

  

4.3 Radiometer Status Information  
  

The various status displays in the Radiometer Status group box are:  

  

Å Software Version: Indicates the version number of the R-PC software RadPC.EXE for 
reference (the H-PC software version is printed in the main window caption).  

Å Instrument ID: The radiometer identifies itself by sending the instrument ID to the HPC 
when a connection is established (e.g. RPG-HATPRO, RPG-LWP, RPG-LWP-U, etc.).  

Å Controllers: Lists the status of the two instrument controllers:  

o The main controller handles all communication activities between the R-PC and 
the radiometer hardware.   

o The elevation stepper controller generates the driving signals for the elevation 

scanning parabola mirror. It also provides the initialization procedure for moving 
the mirror to its index position at system power up.  

o The cal stepper controller is only implemented in certain radiometer models (e.g. 

RPG-DP150-90) with an internal calibration mirror but external elevation 

scanning.  

o The IRR stepper controller generates the driving signals for the elevation 
scanning IR radiometer (only with optional IR radiometer) 

o The azimuth positioner controller can be controlled directly from the 

radiometer. If the controller is connected to the radiometerôs azimuth interface, 
the entry is órespondingô.  

o The radiometer uses an external weather station (Vaisala WXT536) which is 

equipped with temperature, humidity, barometric pressure, wind speed and wind 
direction sensors.  
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o Receivers: Indicates the status of the installed receiver modules. From the 

radiometer model type, the H-PC determines the number of receiver modules 
and displays, which of them are responding or not.  

Å GPS: Indicates if a GPS clock is installed or not and the global position of the 

radiometer location (at least 5 GPS satellites have to be visible to provide this 

information). The radiometer time and date is directly derived from the GPS clock (if 
installed).  

  

 
  

Å Infrared Radiometers: If the optional infrared radiometer is installed, the infrared 

temperature is displayed here. This data can also be used as input for retrievals. In 

combination with the temperature profiles, the cloud base height is determined. The IR 
temperature provides a cloud flag.  

Å Temperatures: Four temperature sensors are implemented:  

o The environmental temperature sensor is located in the weather station.  

o The ambient temperature target sensor precisely measures the built-in 

calibration target temperature. The precision of that sensor is essential for ALL 

calibration procedures. Usually, two of these sensors are implemented to be able 
to generate an alarm in the case one of the sensors fails.  

o Receiver1 / Receiver 2: These temperature sensors reflect the physical 

temperatures of the receiver modules which are stabilized to an accuracy of < 

0.03 K. Typical sensor readings are around 45°C. The thermal receiver 

stabilization is continuously monitored. If the receiver temperature is kept 

constant to within +/- 0.03 K, the status indicator on the right of the temperature 

display is green. If it turns to red the stability is worse than this threshold. In 
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addition the actual stabilization values are listed. The color of the stability status 

indicator turns to yellow if not enough temperature samples have been collected 
to determine the stability.  

Å Other Surface Sensors: Five additional sensors are monitored:  

o Barometric Pressure: The pressure sensor measures the barometric pressure 

in mbar (accuracy ±1.0 mbar). The data is used in the determination of the 

precise boiling temperature of the liquid nitrogen coolant used in the external 
calibration target during absolute calibration.  

o Relative Humidity: The sensor is located in the weather station. The data is 

used to control the dew blower fan speed when reaching a software predefined 

threshold. Its accuracy is ±5%.  

o Rain Flag: Status of the rain sensor. The flag is used to switch the dew blower 
speed and is stored with all measurement samples.  

o Wind speed and wind direction.  

Å Calibrations: Here the status of automatic calibrations (gain calibration, noise 

calibration and sky tipping, see section 3) is monitored during measurements. All 

calibration data is automatically logged in the CAL.LOG file located in  

MY_DIRECTORY\RPG-HATPRO\. The contents of that file can be inspected with 

the  command (described later).  

Å Position: The data displayed here is the current position of the elevation and azimuth 
scanners. Also displayed is the status of the boundary layer scan (see section 2.3).   

Å Measurement: During measurements, this group box displays details like the file 

name of the current measurement, when the measurement was started and when it 

will end, the time reference (UTC or local time), if file backup is enabled on the R-
PC and the batch repetition factor.  

Å Maintenance: Displays how long the instrument has been in operation and when the 
last factory inspection was performed. 

Å Liquid Nitrogen (LN2) Calibrations: Displays a counter of the absolute calibrations. 

When the number of recommended target fillings is exceeded, an action item will 
appear accordingly. 

Å Heater / Blower operation: Displays information on the heater/blower operation. 

  

4.4 Data Storage Host Configuration  
  

There are two different ways of data storage during measurements:  

  

Å Data files are stored on the R-PC by enabling the file backup option in the 

measurement definition file (MDF, explained later). The data transferred to the H-PC 

for online display are not stored by the H-PC. If the data files need to be inspected or 

further processed then they have to be transferred from the radiometer to the H-PC 

PC. The advantage of this storage mode is that once the measurement has started, 

the H-PC can be disconnected from the radiometer while the radiometer continues its 

operation. In this mode it is important to transfer the data to the H-PC now and 

then because the memory on the R-PC has a limited capacity (how long you can 
store data in this mode depends on how many products you store). 
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Å If file backup on the R-PC is disabled and the data transferred to the H-PC this is stored 

by the H-PC in a predefined data directory. This is the most common operation mode 

for long term measurements because data files are transferred online from the 

radiometer to the H-PC. Of course the H-PC has to be permanently connected to the 

R-PC. When the H-PC is connected to a network it can regularly send the data files to 

an FTP server located far away from the measurement site. The file backup on the 

radiometer is only used as a safety option for the case that the H-PC has a power 
failure or hard disk problem.    

 

  
Directories and Data Formats Menu including data archiving.  

  

The Host Configuration group box on the main screen displays the data storage details. 

It is possible to change the settings by clicking  (Define Directories). The data storage 

directory is selected from the directory tree shown in Data Directory. In the same menu 

one can specify if an ASCII, netCDF or BUFR version of the data files (which are in binary 

format by default) shall be generated. ASCII and / or netCDF / BUFR files will then (if this 
option is selected) be stored to the same data directory as the binary files.  

In addition, a RAOB file can be created, if the radiometer is capable of producing humidity 

and temperature profiles (RPG-HATPRO and RPG-LHATPRO). RAOB files are CSV 

format ASCII files that are compatible with the famous sounding software package RAOB® 

by Environmental Research Services (ERS), http://www.raob.com/, which is widely used 

by meteorologists. The RAOB file normally contains multiple soundings including liquid 
water profiles (LWC profiles).   

The RAOB file provided by RPGôs host software avoids the necessity of an additional 
conversion software as required by other vendors. Also, RPGôs  RAOB file creation 
comes free of charge and is always included in the software package.   
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RPG-HATPRO profiles displayed by RAOB® (ERS), using automatically created RAOB data files.  

  

Data archiving is a useful feature to prevent the data directory to be filled with ten 

thousands of files which may overload the operating system. MS operating systems 

cannot handle many (in the order of ten thousands) files in a single directory. If Enable 

is checked in the Data File Archiving group box, the software automatically creates sub-

directories in the data directory and stores the data files according to the year, month and 

day they are generated. E.g. a file 08111623.LWP would be stored in a directory é\RPG-

HATPRO\Data\Y2008\M11\D16\ if daily is checked or in é\RPG-

HATPRO\Data\Y2008\M11\ if monthly is checked. Automatic file concatenation to daily 
files can also be enabled (same feature as in section 4.13).  

Quick-look files can be automatically created and stored to a separate directory. The file 

formats BMP and JPG are available. When clicking the QL Diagram List button, a list of 

graphics windows is displayed. Each of these windows can be enabled / disabled for 

quicklook file generation. When enabled, a certain graphics display is periodically 

(defined by QL Period) converted to a JPG or Bitmap file and stored to the quick-look 

directory.  
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QL diagram list which shows a list of graphics windows which can be selected for the quick-looks. 

  

 

4.5 Exchanging Data Files  

To get access to the radiometer directories, click  (Exchange Data and System Files 
with the Radiometer). The menu in Fig.4.2 will be displayed.  

File transfer is necessary when backup data files need to be copied from the radiometer 

hard disk to the H-PC. If file backup is enabled for a measurement, the instrument stores 

all data files in its Data directory. It is possible to transfer complete directories (including 

sub-directories). This feature becomes beneficial when a lot of data has to be transferred 
from the radiometerôs file backup to the H-PC.  

 

   



  Code: RPG-MWR-STD-SW Issue: 01/17 
Date: 07.07.2021 Pages: 197 

Principle of Operation & Software 

(standard radiometers) 
 

 

42      

COMPANY RESTRICTED 

  
Fig.4.2: File transfer menu.  

  

Files or directories can be deleted by marking them and clicking the right mouse button:  

From the displayed drop-down list the user may select óDelete Selected Radiometer PC 

Filesô or óRename Radiometer PC Fileô. These functions are also available for directories. 

Those buttons with green arrows pointing from left to right will move files / directories from 

the H-PC to the R-PC and those with a green arrow pointing from right to left will move files 

/ directories from the radiometer to the host. If the user tries to send files to the óRPG-
Radiometerô directory (the system directory), a password check is initiated: 

 

 
 

The H-PC is asking for the entry of the Administrator password (AMPW) to complete the 

desired action. This will prevent unauthorized users to overwrite important files for the 
functionality of the R-PC.  

Reading from the RPG-Radiometer directory is e.g. required when the absolute calibration 

history file shall be inspected. The file ABSCAL.HIS stores all absolute calibrations 

(including successful tip curve calibrations). Once copied to any directory on the H-PC hard 

disk its contents can be browsed by the  (Absolute Calibration History) command 
(see section 4.6).   
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4.6 Inspecting Absolute Calibration History  
  

As mentioned in section 4.4, the ABSCAL.HIS file located in the RPG-Radiometer 

directory on the R-PC stores all absolute calibration results. This also includes the 

successful tip curve calibrations. In order to inspect this calibration history, first copy 
ABSCAL.HIS from the  

radiometer to the H-PC. Then press  (Open Data Files) and select  to open the 

Absolute Calibration History menu. Load the previously copied ABSCAL.HIS file with 
Load History File and the list of calibrations is displayed (see Fig.4.3).  

The listed entries are incrementally numbered (preceded by #). The entry syntax is:  

  

#calibration number: Receiver 1 cal. type / Receiver 2 cal. type, (date and time of 
Rec.1 calibration || date and time of Rec.2 calibration)    
  

When an entry in the list is marked, Delete Last Entries removes all entries after the 

marked entry. This feature is useful to remove óbadô calibrations from the list (typically the 

last calibration). With Generate a new calibration file ABSCAL.CLB is generated using the 

calibration numbers specified for receiver 1 and 2. If the modified ABSCAL.CLB file is 

copied to the system files directory (password protected) the radiometer will load the new 

calibration parameters from ABSCAL.CLB when RadPC.EXE boots up the next time. 

Show Current Calibration loads the newest calibration parameters from the radiometer (if 
connected).  

                         
Fig.4.3: Loading the calibration log file ABSCAL.HIS into the calibration history list.  

  

A double click on one of the entries opens the Calibration Results menu in Fig.4.4. For 

each receiver channel the four parameters G, Tsys, Tn and  (see section 3.1.3) are listed. 
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In addition the calibration type, calibration time and physical temperature of calibration 
targets and the environmental temperature are displayed.  

  

                    
Fig.4.4: Display of absolute calibration parameters.  

   

4.7 Inspecting Automatic Calibration Results  
  

Automatic calibrations are those described in section 3.3, 3.4 and 3.5 (Gain, Noise, Tip 

Curve). These calibrations are performed automatically by the radiometer following the 

calibration settings in the MDF (see section 4.9). The Radiometer Status window on the 

main screen (if enabled) monitors automatic calibrations. The corresponding log file is 
CAL.LOG, located in MY_DIRECTORY\RPG-HATPRO\.  

For inspecting this log file, click  (Display Automatic Calibration History). The menu 

in Fig.4.5a appears. In the Gain Calibrations group box only gain parameters are 

displayed (the only parameter that is adjusted by this calibration type, see section 3.3) while 

also Tsys (Tsys) and Tn (Tnoise) are selectable in Noise Calibrations and Sky Tipping 

Calibrations. The user may zoom into the data by clicking on the graphics display (holding 

the left mouse button pressed) and dragging the mouse cursor to a second position. When 

the mouse button is released the new data window appears. Zoom Out reverts to the 

previous zoom. The time stamp of each calibration is marked by a dot. With  and , this 

feature is toggled. All diagrams are synchronized (keeping the same time axis), if 

Synchronize Diagrams is active. Then zooming and zooming out is performed on all 

displays so that a common time axis is maintained. Independent Diagrams switches back 
to the non-synchronized display mode.  

Below the Sky Tipping Calibrations data display, the successful calibrations are marked 
by a green bar while failed calibrations are marked in red (separately for receiver 1 and 
receiver 2). By clicking on one of these bars the tip curve calibration details are listed and 
a graphical display of the sky dip is shown (see Fig.4.5b).   
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  Fig.4.5a: Display of automatic calibration parameters.  
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Fig.4.5b: Display of sky tipping fit and detailed result list.  

4.8 Absolute Calibration  
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Fig.4.6: Absolute calibration menu (profiling, LWP and tipping radiometers). 

After setting up the external cold target as described in the Installation Manual, an absolute 

calibration is initiated by clicking  (Perform Absolute Calibration). The menu in Fig.4.6 
is shown, if the connected instrument is a profiling, LWP or tipping radiometer.  

When the absolute calibration menu is entered, the instruments frequency list is displayed 

in Calibrated Frequencies. The list contains the frequencies of both receivers that will be 

calibrated, if the related receivers are enabled for calibration (e.g. with Humid. Profiler, 

Temp. Profiler check boxes in Receiver Selection). The integration time Ti is selectable 

between 5 Seconds and 300 Seconds (Integration Time group box) and defines the 

integration time period for each calibrated channel. The total integration time is given by 

Ttotal = 4 * Ti + 10 because four integration cycles have to be passed according to section 
3.1.3.1 (four point method) and calibration mirror movements take about 10 seconds.   

For G5 radiometers select the PT-V1 precision target and an integration time of 100 
seconds. 

Start Calibration starts the absolute calibration procedure. During calibration, the current 

activity is displayed in the message line. When the integration on ambient target and K-

band side of the target is completed the calibration will stop and the display will advise you 

to turn the PT-V1 precision target to V-band side. When clicking Continue, the display will 

advise you to wait some time for the target to dry before continuing the calibration. When 

the integration on both sides of the target is completed, the message Calibration 

successful! Save? and a display of the calibration parameters are shown. The user is 

prompted to confirm to save the calibration with Continue or to abort the calibration with 

Cancel Calibration. In the case of confirmation, the absolute calibration parameters are 
then stored to the R-PCôs hard disk. Leave the calibration menu by clicking Quit.  
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Fig.4.6b: Absolute calibration menu (RPG-15-90, RPG-HALO-KV, RPG-HALO-119-90 and RPG-

HALO-183 models).  
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If the error message No response to cold load. Calibration terminated! appears, the 
cold target was probably not filled with liquid nitrogen or was not installed at all.  

No noise diode response. Calibration terminated! indicates a malfunction of one of the 
noise sources. Contact RPG for help in this case.  

  

For the radiometer models RPG-15-90, RPG-HALO-KV, RPG-HALO-119-90 and RPG- 

HALO-183 the absolute calibration menu looks slightly different:  

It contains the additional box Ambient Target as marked in Fig.4.6b. As discussed in 
section  

3.1, an external calibration target is used for models RPG-15-90, RPG-HALO-KV, 

RPGHALO-119-90 and RPG-HALO-183. The target temperature is measured manually by 

a precision thermometer and its value is entered in the edit box labelled T[°C]. It is important 

to uncheck Automatic, otherwise the radiometer will use its built-in environmental 

temperature sensor reading. During the calibration, messages in the message box are 
displayed that prompt the user to change the targets from ambient to cold target.  

  

4.9 Defining Measurements  
  

Before a measurement can be started, it has to be defined. The various measurement 

parameters are then stored in a MDF (Measurement Definition File, extension .MDF). The 

radiometer is capable of processing multiple MDFs automatically which are combined in a 

MBF (Measurement Batch File, extension .MBF). The MBF is a batch file similar to DOS 

batch files but only intended to group MDFs. MBFs as well as single MDFs can be sent to 
the  

radiometer ( , section 4.10). The software automatically detects, which file type (MDF or 
MBF) was selected.    

To enter the Definition of Measurement and Calibration Parameters menu, click  

(Define Measurement Parameter Files (MDF and MBF)).  

The measurement definition menu has several tab sheets (Sky Tipping, Standard 

Calibrations, Products + Integration, Elevation Scanning, Timing + é, MDF + MBF 
Storage) which should be processed from left to right (see Fig.4.7).  

  

4.9.1 Sky Tipping  
  

The sky tipping (or tip curve) calibration is described in detail in section 3.4. Fig.4.7 shows 
the corresponding definition tab sheet.   

The scanning angles listed in the Scan Angles [DEG] group box are predefined to give 

equidistant air mass samples in the sky tipping scan (the air mass is proportional to 1 / 

sin(Ŭ), see section 3.4). They can be modified by using Add and Delete, but it is 

recommended to only define angles >14Á. If the radiometerôs horizontal view is blocked by 

obstacles, the lowest elevation angle should be adjusted appropriately but should not be 

>30° to maintain the calibration accuracy. In addition, the azimuth angle for the sky tipping 

direction is selected independently from other observation positions, if an azimuth 

positioner option is installed. The calibration reliability may be improved by checking 
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Bilateral Tipping (Timing group box). With bilateral tipping, the radiometer scans the 

elevation angles in both quadrants (main quadrant (marked by red arrow) and) to detect 

possible inhomogeneous water vapour distributions which might violate the requirements 

for a stratified atmosphere. Bilateral tipping assumes a free view to both observation sides 

between 20° and 90° elevation.   

  
Fig.4.7: Measurement definition file menu, sky tipping tab sheet.  

  

Sky Tipping is enabled by checking Enable Sky Tipping. The user can define how often a 

calibration shall be performed by selecting a period between 5 Minutes and 24 Hours. 

Practical periods are 2 to 24 hours because the radiometer gain is normally calibrated every 

30 minutes by a gain calibration and continuously stabilized by rapid noise switching and a 

full parameter recalibration (including Tsys and Tn) is not required so frequently. A tip curve 

interrupts the measurement for more than three minutes, therefore the number of 
calibrations should be minimized.  

Furthermore, it is possible to define the time of the first tip curve calibration in the 

measurement. By checking period  absol. (0:0:0), the calibration will start relative to 

midnight time, e.g. with a period of 6 hours and a measurement start at 3:00 pm the first 

calibration will take place at 6:00 pm, assuming that first cal. @ mea. start is not checked. 

If rel. to measure. start is checked, the calibration timing is relative to measurement start 
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time. As explained in section 3.4, tip curve calibrations are only applicable for transparent 
channels. Receivers with opaque channels are automatically disabled for sky tipping.  

 

Three quality checks (thresholds) are implemented:   

  

Å Zenith threshold. In the presence of clouds (which violate the assumption of a stratified 

atmosphere) the observed zenith brightness temperatures (BTs) are significantly 

higher than under clear sky conditions. The user can define a maximum BT level as a 
threshold for each receiver.   

Å Linear correlation factor. This measures the correlation of the optical thickness 

samples (as a function of air mass) with a straight line. Typical linear correlation factor 

thresholds are >0.9995. The linear correlation factor is not sensitive to the sampling 
noise caused by clouds etc.   

Å ɢ2-test. This measures the variance of the optical thickness samples relative to the 
straight line. Typical threshold values are <0.3 for a good quality calibration.  

  

With the Define Zenith Thresh., Define CHI^2 Thresh. and Correlation Thresh. 

commands, the corresponding thresholds can be entered in the Threshold Definition 
group box.  

The main purpose of a sky tipping calibration is to recalibrate the noise diode secondary 

standards (see section 3.2). The R-PC is capable of averaging successful sky tipping 

calibrations in order to avoid sudden calibration jumps in the calculated brightness 

temperatures (TBs). If calibration averaging is desired, the checkbox Enable in the 

óAveragingô sub-menu should be checked. If enabled, the averager uses the number Av. 

Depth of successive calibrations in the averaging process. Reasonable values are in the 
range 40-100.  

Default Settings resets all sky tip parameters to reasonable standard values, optimized for 
the specific instrument in use.  

  

4.9.2 Standard Calibrations   
  

On this tab sheet the user defines if and how often automatic gain calibrations and noise 
calibrations shall be performed.   

Relative Calibrations (Gain Drifts): During gain calibrations, only the ambient target is 

scanned (one point calibration), which is the fastest calibration. Reasonable repetition 

periods are 30 minutes with 60 seconds integration time. The gain calibration does not 

correct for system noise temperature variations which are subject to long term drifts only.   

Since G5 radiometers run with permanent rapid noise switching the right panel Calibration 

with secondary standards (noise diode) can be ignored. 

Default Settings resets all standard calibration parameters to reasonable values, 
optimized for the specific instrument in use.  
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Fig. 4.8.: MDF standard calibration settings. 

  

  

4.9.3 Products + Integration  
  

On the Products + Integration sheet (see Fig.4.8) a selection of data products to be 

acquired and retrieved by the system during the execution of the MDF is defined. Only 

those products are enabled in the product list, which are compatible with the actual 

radiometer configuration, e.g. for a RPG-HUMPRO radiometer, all temperature profiling 

products are disabled.  The product list is grouped into level 1 (brightness temperature 

data), level 2 (atmospheric data associated with a retrieval file) and others (Met-Station and 
housekeeping data).  

For those products with associated retrieval files (level 2 products), one of the retrievals 

listed in the related list box needs to be selected. The entries of these boxes reflect the 

data base that is currently installed in the H-PCôs retrieval directories, filtered to those 
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retrievals that are compatible with the instrument hardware (e.g. the available frequency 

channels, etc.).  

Example: When the MDF for a RPG-LWP radiometer (two channels, 23.8 / 31.4 GHz) is 

defined, the only retrievals that will be listed in the LWP retrieval list box are two channel 

retrievals designed for 23.8 and 31.4 GHz input. If the radiometer is the upgraded 

RPGLWP-U90, three channel retrievals are also listed, if they have been developed for 

23.8 / 31.4 / 90 GHz channel sets.   

When a retrieval file is marked in one of the list boxes, pressing the <RETURN> button 

opens a text window to display the retrieval file contents. A description of retrieval files and 

how to create them will be given in section 5. Modifications of these files should be 

restricted to qualified personal only. Otherwise the modified retrieval algorithm may 
not work properly.   

  

Fig.4.9: MDF product and retrieval selection menu.  

For each enabled product a separate integration time can be selected. Only the setting for 

Brightness Temp. (boundary layer) and Temperature Profile (boundary layer) 

products has to be identical, because these products are closely related to each other. In  
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fact the temperature profile is just a further processed product derived from the brightness 

temperatures of the boundary layer scan.   

The user may define a customized Tmr (see section 3.4) retrieval and overwrite the default 

radiometer Tmr retrieval. If specified and checked, the new retrieval is used for sky tipping 
calibrations. For explanations on Tmr see section 3.4.   

Boundary layer scans can be combined with full troposphere temperature profiling in a 

single measurement. If only boundary layer scans are required, the CONTINUOUS entry 

in the TPBL Repetition list box should be selected; only boundary layer profiling data, 

meteorological sensor data and infrared radiometer data (if an IRR is installed) will then be 

produced. All other selections in the TP-BL Repetition list box define a repetition period for 

boundary scans. After a BL scan has finished, the other products like LWP, full troposphere 

profiles etc. are generated and continued until the next BL period is initiated. Example: 

Define a TPBL repetition period of 1200 seconds and an integration time of 200 seconds 

for the Temperature Profile (boundary layer) product. At measurement start, a BL scan 

is carried out which takes about 200 seconds. The next scan will start 1000 seconds later. 
In the meantime the other selected products are processed.  

The boundary layer scan is available in four different modes, selectable from the Boundary 

Layer Scan Mode box. The radiometer is usually scanning in the main quadrant (marked 

by a red arrow on the radiometerôs housing underneath the microwave window) but it is 

possible to switch to the opposite quadrant (called 2nd quadrant). Two scans in both 

quadrants can be averaged and combined into a single BLB scan (Bilateral average). The 

two scans in the two quadrants can also be stored independently (Bilateral, two scans).  

The Housekeeping Data product represents a summary of different parameters 

characterizing the instrumental state. These parameters are grouped into 6 categories. The 

monitoring of each category is selected by clicking the Specify button. The following menu 

pops up:  

                                           

The detailed description of each category is given in appendix A18.  

4.9.4 Scanning  
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Sometimes it is desirable to scan the radiometerôs microwave beam in elevation and 

azimuth while taking measurement samples. The details for scanning are defined in the 
Scanning tab sheet.   

  

4.9.4.1 Observation at Constant Elevation and Azimuth Angles  

  

When Constant Angles is selected as the Scan Type, a constant elevation and azimuth 

angle is used for observations, specified in Const. Elev. Angle and Const. Azi. Angle.  If 

a IR radiometer is installed, also the entry in Const. IRR Angle is used.  

 

4.9.4.2 General Scans  

  

If General Scan is selected, arbitrary elevation and azimuth scan patters may be defined. 

When the optional azimuth scanner is not available, the radiometer ignores all azimuth 
angle definitions.   

In the case that level 2 data products are selected in the product list (section 4.9.2), a 

retrieval conflict may occur with the defined scan pattern. E.g. humidity profiling retrievals 

are usually restricted to zenith observation elevation angles (90°) and therefore the retrieval 

output is not defined for other elevation directions. In General Scan MDFs, only those level 

2 data products should be enabled, which are associated with multi-angle retrievals. A 

multiangle retrieval is identified by its file name. For example, in the retrieval file name 

IWV_QR_MA_FZK.V1.RET the sub-string ó_MAô indicates that this retrieval is capable of 

handling different elevation observation angles. The default retrieval set for some profiling 

(RPG-HATPRO, RPG-HUMPRO, RPG-LHATPRO) and LWP radiometers (RPG-LWP, 

RPGLWP-U90, RPG-LWP-U72-82) contain multi-angle IWV- and LWP-retrievals. Multi-
angle retrievals for temperature and humidity profiling are currently under development.  

Thus only IWV, LWP, brightness temperature data (BRT, IRT) and MET products may be 
used in general scans.   

It is recommended to set all integration times of the products acquired during 

general scans to 1 second. Otherwise, the scan will linger on each position for the 

maximum integration time selected in the products list!  

The elevation mirror moves are subdivided into elementary scans from a start angle to a 

stop angle with a certain incremental angle and a given number of samples measured at 
each position. These scans are numbered as Scan#1, Scan#2, ....  

The radiometer does not execute single scans but only frames of scans. Each frame has a 

start scan and a stop scan (these can be identical) which form a óloopô of scans that may 

be repeated arbitrarily. The concept of having two levels of movement definitions allows for 
the definition of complex scan procedures.   

A frame is defined by selecting one of the scans in the start scan list and then clicking on 

one in the stop scan list. After entering the repetition number, the frame is added (or 

inserted) to the frame list (Add or Insert). It is possible to edit a frame definition using the 

Overwrite command or to delete it with Delete. In addition, the frame start can be triggered 

to a certain time increment (if Triggered is checked). Three examples illustrate how a frame 
is executed:  
  

1) Start: Scan#4, stop: Scan#6, repetitions: 3 ʛ   
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Scan#4,Scan#5,Scan#6,Scan#4,Scan#5,Scan#6,Scan#4,Scan#5,Scan#6  

2) Start: Scan#4, stop: Scan#2, repetitions: 2 ʛ  

Scan#4,Scan#3,Scan#2,Scan#4,Scan#3,Scan#2  

3) Start: Scan#2, stop: Scan#2, repetitions: 1 ʛ  

Scan#2  
  

When an optional azimuth scanner is installed, a full 2D sky scan can be programmed by 

checking the 2D Scan check box. In this case, the radiometer software interprets the given 

start- and stop-angles for elevation and azimuth as edge angles and performs a 2D scan 

within these limits. E.g. a full sky scan is defined by setting the elevation start angle to 9.0°, 

the elevation stop angle to 90.0° (a 9° increment angle produces 10 elevation steps at 

const. azimuth angle), the azimuth start angle to 0.0° and the azimuth stop angle to 350.0° 

(step increment 10°). This generates a measurement of 378 scan points with an angular 

resolution of 10° in azimuth and 9° in elevation. The radiometer sets the integration time to 

0.4 seconds / sample to reduce the time needed for a full scan. The óSamples / Pos.:ô entry 

is ignored in this mode. The full scan in this example takes only about 7 minutes! High 
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speed scanning is feasible due to the parallel architecture of the RPG radiometerôs direct 

detection filter bank receivers described in the Technical Manual.    

In the example above, the 90° elevation angle would be scanned 36 times if the Multiple 

90° Samples check box is checked. This leads to redundant zenith samples that can be 

used to derive a time series of other products during full sky scanning (e.g. an LWP zenith 

time series). But it increases the time for a full scan due to redundant samples. If the 

scanning time shall be optimized, Multiple 90° Samples check box is unchecked (default 

setting). In this case the zenith scanning angle is only encountered once during a full sky 

scan.   When products with different integration times are selected for scanning, the 
radiometer adjusts all integration times to the maximum integration time in the products list.   

Example:  

A RPG-HATPRO radiometer is setup for scanning with the brightness temperature product 

(BRT, integration time: 10 sec.) and the IR temperature product (integration time: 5 sec.). 

Then the integration time during the scan will be 10 seconds (also for the IR temperature 

samples). After the definition of the start angle, stop angle and increment angle, the settings 

Fig.4.10.: MDF general scan settings. 
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are stored as a scan with Add. Every scan in the scan list can be marked and overwritten 

with the current settings by using the Overwrite command. By clicking on a scan number 
in the scan list, the actual settings of that scan are displayed.  

If the IRR motor driver option is installed, the infrared radiometer is moved synchronously 

together with the internal microwave elevation mirror, when Enable IRR Elevation 

Coupling is checked.  

  

4.9.4.3 Satellite Tracking  

  

Assuming the radiometer system is equipped with an azimuth scanner, the instrument can 
be run in satellite tracking mode by selecting Satellite Tracking.   

In satellite tracking mode, the radiometer periodically scans a number of visible GPS or 

Galileo satellites and measures the wet delay component, LWP and attenuation in the line 

of sight to each of the satellites. The user should activate the products IWV, LWP, and 

Attenuation (ATN) in the MDF product list with identical integration time (typically one 

second).  The system determines the satellite positions from a RINEX navigation file stored 

in the TRACKING subdirectory (see section 4.1.2) and its own GPS position. The azimuth 

scannerôs 0.0Á azimuth angle has to point to North direction (90Á = East, 180° = South, 270° 

= West) to guarantee correct scanning positions. In Define Details the user can specify 
the tracking details.  

The Period determines, in which time intervals the scan is repeated. In Scan Objects one 

specifies, if all visible satellites or just a single satellite shall be scanned. In the case of a 

single satellite, the satelliteôs number is given in Satellite Number. The angular scan range 
should be limited (e.g. in elevation) if not all sky directions are available due to obstacles.  

RINEX navigation files are loaded from the European IGS FTP data server 

ftp://igs.ensg.ign.fr/pub/igs/data/ and usually have the extension ó.YYnô where YY stands 

for the year, e.g. ó.08nô is a navigation file from 2008. For instance, the file 

ftp://igs.ensg.ign.fr/pub/igs/data/2008/225/dlft2250.08n is from Delft (dlft), day of the year 

225 (August 12th). The RINEX navigation files are ASCII formatted files and contain the 

orbit information for all satellites of a certain navigation system like GPS or Galileo. The H-

PC software periodically (every hour) checks if there is an updated RINEX file in the 

TRACKING subdirectory and automatically loads it if available. The software calculates the 

current positions from the information given in the RINEX files and the actual UTC time and 
the radiometer GPS position on earth.   
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Tracking data files are stored in binary format with extension ó*.TRKô.   

  

4.9.4.4 Astro Tracking  

  

Assuming the radiometer system is equipped with an azimuth scanner, the instrument can 

be run in astro-tracking mode by selecting Astro Tracking. In this mode, the radiometer, 

assuming its azimuth zero position is well adjusted to north (see section 4.23), is capable 

of tracking any astronomical object, including sun, moon, planets and fixed stars or objects. 

If a fixed star is selected from the object list, the right ascension and declination of the 

objects has to be entered. Start and stop times of the scan can be triggered by the standard 
trigger options already discussed or by a minimum object elevation angle.  

  

4.9.5 Timing + é  
  

Start time, end time and time reference are important parameters for a measurement setup. 

The time reference is set to UTC or local time which is UTC + time shift [h]. The radiometer 

determines UTC from a GPS clock reading which is synchronized to the radiometerôs real 

time clock (RTC) every 10 minutes.  

There are two ways of triggering a measurement: Immediately after launching the MDF or 

at a certain time and date. Using a start time before the current time is equivalent to an 

immediate start. If the measurement start is triggered to a certain time, the check boxes 

Ignore Date and Ignore Hour allow for a date or hour independent triggering. This is 

particularly useful in a repeated multiple MDF batch measurement, where MDFs are 

repeated multiple times. A triggering to a certain date / time would trigger the MDF only 

once but not repeatedly. E.g. if Ignore Hour is checked (assuming Triggered mode is 

activated) and the óStart Timeô entry is set to 22|36|15, the measurement is triggered to 

00:15:00, 01:15:00, 02:15:00, é, ignoring the current date and hour. If a more frequent 

trigger is required, one can use the Raster feature combined with a raster period. E.g. if a 

start time of 22|36|15 is defined in combination with raster mode and a raster period of 10 

minutes, the trigger sequence is: 22|36|15, 22|46|15, 22|56|15, 23|06|15 etc.  

Two options are available for measurement termination. In LIMITED mode the user can set 

a duration or termination time. If the stop time is before the start time, the measurement 

duration is adjusted to 100 seconds.  

In the case that the measurement has a well-defined end time (automatic measurement 

termination, LIMITED mode) the radiometer needs a filename for storing backups. The user 

may enter any filename not longer than 8 characters. The H-PC also uses this filename 

when it is operated in automatic storage mode. If measurement timing is set to UNLIMITED 

mode the radiometer automatically generates filenames deduced from the actual time and 

date and ignores the measurement filename entry.  

In UNLIMITED mode the measurement is terminated manually. A new filename is 

generated every X hours where X is selected from the Filename Interval list box. The file 

format is one of 14 possible versions given in the Name Convention list box. In the format 

string HH=hours, DD=days, MM=month and YY=year are taken from the actual time and 
date. During measurement, this filename is also transmitted to the H-PC, which uses it for 
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file storage of monitored data (assuming the H-PC is operated in Enable File Backup 

mode).  

Since the temperature and humidity environmental sensors respond quickly to changes of 

the corresponding parameters (caused by turbulence in the vicinity of the radiometer) it is 

often desirable to smooth the temperature and relative humidity data samples. This is 

important if retrievals are utilizing the meteorological sensors, but the detailed surface 

turbulence at the radiometer location is not of interest and would only lead to noisy retrieval 

results if not filtered. In Data Smoothing a 10 minutes LIFO filter is activated to smooth the 
environmental temperature and humidity readings.  

Another feature is the enabling of a file backup on the embedded PC. When Enable File 

Backup is checked, all product files will be automatically stored in the radiometerôs data 

directory. This is usually done for safety reasons because the standard mode of 
measurements is to enable automatic data storage on the H-PC (online monitored data). 

Without monitoring the data on the H-PC and only storing it on the radiometer as backup, 

the user will sooner or later have to transfer the data from the R-PC to the H-PC using the 

Transfer Data and System Files menu.  

                     

  
Fig.4.11: Timing+é  definition menu.  
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For the RPG-HATPRO, RPG-TEMPRO, RPG-HUMPRO and RPG-LHATPRO, the R-PC 

performs quality checks on the water vapour and oxygen lines measured in zenith mode 

and during boundary layer scans. These tests include the detection of possible external 

interferences or reduced quality level 2 data caused by intensive rain. The program 

generates a quality flag and information for the possible reason of a reduced quality. This 

information is coded into the rain flag of each sample (see Appendix A). More information 

about quality checking can be found in appendix A18. The radiometer can be configured 

to filter low and medium quality samples and is capable of interpolating the brightness 

temperature of channels affected by external interference. In Level 2 Data Quality there 

are three options for filtering level 2 data (retrieved atmospheric data). The Flag Data 

Quality (Level 2) option does not filter the level 2 data according to the quality level but 

flags each data sample in the rain flag byte as described in appendix A. With the option 

Remove Medium / Low Q., medium and low quality samples are not transmitted by the 

radiometer. In this case, the sample sent to the H-PC is the repeated latest high quality 

sample. The filter Remove Low Quality will only remove the worst quality level data and 

transmits high and medium quality data. If the radiometer detects a possible interference 

problem (an external signal interferes with one of the receiving channels), it can auto- 

matically remove the interference signal from the spectral line by interpolating between 

adjacent channels. This function is enabled by checking Remove Interferences.  

Another feature is the blanking or avoiding of the sun position during scanning observations 

and sky tipping. This implies the availability of the azimuth scanner option and a GPS clock 

and that the azimuth table is precisely aligned according to the procedure described in 

section 4.23. If Avoid Sun in Scans is checked, the radiometer will determine the sun 

position on the sky automatically when performing full sky scans, azimuth scans (Hovmöller 

plots) or sky tipping calibrations. If the sun position is encountered, the radiometer 

sidesteps this position by about 6° to avoid unrealistic brightness temperatures in 

transparent channels.  

4.9.6 MDF + MBF Storage  
  

It is possible to send a single MDF directly to the radiometer. Multiple MDFs are packed 

into a MBF (measurement batch file). The concept is similar to the Scan/Frame relationship 
for scanning.  

The MDFs in a batch file are executed sequentially in the order they are listed in the MDF 

list (see Fig.4.10). The batch repetition number has the same meaning as the frame 

repetition factor for scanning: The MDF list forms a loop, which is repeated an arbitrary 

number of times. This offers the user a flexibility of combining different measurement tasks, 

which would otherwise not be compatible in a single MDF, e.g. if one wants to do a scanning 

measurement (not possible with retrieved products) followed by a temperature profiling 

measurement (a retrieved product) and repeat this 100 times, the solution is to define two 

different MDFs, one for scanning and one for temperature profiling and combine them in a 

batch file with a repetition factor of 100. The only restriction for MDF definitions in multi-
MDF batches is that the UNLIMITED mode must be avoided.  

It is a good practice to store all MDFs in one directory (e.g. é\RPG-HATPRO\MDF-MBF). 

All MDFs in the selected directory are listed in the box in the lower right corner. From this 

list, the user may select each MDF he wants to add or insert to the MDF batch list by 

dragging the desired MDFs to the MDF batch list box. MDFs may also be deleted from the 
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MDF batch list by dragging it to the waste bin. Store your measurement batch files (MBFs) 
in a single directory (like é\RPG-HATPRO\MDF-MBF).  

If file backup is enabled in the MDFs and the batch repetition factor is >1, there is only one 

filename for each MDF available. The data of successive executions of a certain MDF in 

the batch loop is stored to a single file. Each time the MDF is repeated in the loop, its 

measurement data is appended to the file.  

          

  
Fig.4.12: Batch file configuration menu.  

4.10 Sending a MDF / MBF to the Radiometer  
  

MDFs and MBFs can be sent to the radiometer (assuming the H-PC is connected to it) from 

the Send Measurement Configuration menu by clicking  .  

When an MDF or MBF is loaded (Load MDF/MBF File), its contents and repetition 

factor are displayed. In addition some pre-checks are performed, e.g. correct 
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radiometer configuration, frequency list consistency, etc. A variety of other checks 
ensure that no erroneous command data is sent.  

When the consistency check of a MDF is finished, the test result is displayed in the 

Check List. The batch can only be sent to the radiometer if all consistency checks have 
finished with the status OK. Then the MBF is transmitted with Send.  

The H-PC óremembersô the directory where MDFs and MBFs are stored from a previous 

Load MDF/MBF File.  This directory is marked in red and its content is listed below the 

directory label. In the list, MDFs are separated from MBFs by a dashed line. Dragging a file 

from the list and dropping it on the radiometer image on the right is equivalent to the Send 

command. If Auto Go and Auto Send are both checked, the MDF or MBF is sent, the Send 

Measurement Configuration menu is closed and the measurement is automatically 
started.  

  

 
Fig.4.13.: Send measurement configuration menu. 

  

  

4.11 Commanding a Measurement Process  
  

When a valid MDF / MBF has been transmitted to the instrument the following functions are 
enabled:  
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 (Start Processing MDF/MBF)  
If Auto Go is disabled in section 4.10, the MDF or MBF is now stored on the radiometerôs  

embedded PC, but the radiometer software remains in STANDBY mode as long as  is 

not executed. The status line entry changes to ñMEASUREMENT RUNNING...ò after 
clicking  

.  

  

 (Halt Running MDF/MBF)  
A running measurement can be halted any time. This might be useful when e.g. the user 
wants to manually change the elevation angle. The status bar display switches to  

ñMEASUREMENT HALTEDò and the manual control button (, discussed later) is 

enabled (among other commands) which offers manual control over elevation stepper and 
other radiometer features.   

  

 (Continue Interrupted MDF/MBF)  
Used to continue a halted measurement. The status bar display changes back to 

ñMEASUREMENT RUNNINGò and the manual control button is disabled.  

  

 (Terminate Running MDF/MBF)  
This command terminates the execution of the currently running measurement. The 

radiometer switches to STANDBY mode and is ready to receive the next MDF/MBF.  

  

4.12  Monitoring Data  
  

The easiest way to perform a measurement is:  

included in a MBF) ( ).  Å Define a MDF (or multiple MDFs 

Å Send the MDF or MBF to the radiometer ().  

Å Start the MDF or MBF on the radiometer ().  

  

The monitoring of the products that were selected in the MDF is automatically activated and 

the measured data is displayed. Since the data is transmitted online from the radiometer to 
the H-PC, no additional file transfer is required.  

The data display is grouped into different tag fields that can be individually selected.   
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4.12.1 Status and Configuration Display  
  

This group includes the status display of the radiometer and measurement information like 

the current processed MDF, current data filename, activation status of file backup, start and 

end time, etc. In a second box, the settings for the automatic calibrations are displayed 

(Automatic Calibration Timing). These settings, like calibration period and integration 

time, can be changed óon the flyô. Each calibration is performed automatically but there is 

the possibility to enforce a calibration by clicking the associated Execute Calibration 

button.  

While a measurement is running, the MDFs of an executed measurement batch (MBF) are 

listed in the MDF list combo-box within the Measurement display-box. In the case that only 

a single MDF is executed, the MDF name is listed there as a single entry.  

 

Each individual MDF is related to its separate set of retrieval files it needs to derive level 2 

data (atmospheric data). The names of the currently executed MDF retrieval files are listed 

in a separate Retrievals combo-box.  

  

 

Fig.4.11a: Radiometer status, measurement configuration and automatic calibration display.  

  

4.12.2 Brightness Temperatures (BTs) Display  
  

  

automatic calibration status,  

timing and control  

measurement  

information   

radiometer status  
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All brightness temperatures, at both microwave and IR frequencies, are displayed in this 

group.  

The display includes the time series of each available microwave and IR channel, the 

boundary layer scan information and the line profiles, if applicable (e.g. water vapour and 

oxygen lines). The three TB Windows 1-3 each show a subset of the microwave channels 
that is defined by entering the Fmin and Fmax of the displayed frequency range.   

Within the Boundary Layer Scans display-box, the displayed BL TB scan frequency can 

be selected from the Frequency combo-box. During a BL-scan, all available radiometer 

channels are monitored and stored into the related BLB file.  

The time axis spread of the radiometer channel time series TBs can be changed by 
selecting a different time axis period from the time axis selection box.  

The Host software stores the last 50.000 samples of data in a ring buffer, so that almost 

a full day of TB data is simultaneously visible when a time axis spread of 100.000 

seconds is selected.  

  

  

Fig.4.11b: Brightness temperature information.  

  

4.12.3  24 Hours History Display  
  

A 24 hours history of IWV, LWP, meteorological sensors and profiles is continuously 

updated in this data group display.   

The IWV, LWP and sensor data displays can be individually changed to a 3, 6, 12 or 24 

hours history (click one of the 3 / 6 / 12 / 24 buttons). With the R button, the user may 
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reset the time series by deleting the data ring buffer. By checking the N check-box, the 

IWV / LWP data is displayed as normalized to zenith angle. This feature only affects 

observations performed under non-zenith elevation angles.  

 

The Met Surface Sensors display may be changed between P / T / H (pressure / temp. / 

humidity) and WS / WD / RR (wind speed  /  wind direction / rain rate) by clicking the W / 

P-T buttons.  

In the profiles boxes (Relative Humidity, Temperature Profiles, Liquid Water Profiles), 

colour scales, vertical axis limits and contour values may be changes for data monitoring.   

  

  

Fig.4.11c: 24 hours data history display.  

The humidity profile window has a selection button for alternatively displaying absolute or 

relative humidity.  

The temperature profile window offers an additional display for boundary layer height, which 

can be toggled on/off with BLH. The stable boundary layer is indicated in white colour, 

while the instable boundary layer is plotted in magenta. For details of how the BL height is 

computed, please refer to chapter 4.16.5.  

As with all 2D colour plots, horizontal cuts (time series) and vertical cuts (profiles) can be 

plotted from the profile history displays. Simply click on  (for profile) or  (for time series) 

to activate the related cursor and move it over the diagram. Then click on a position from 

where you want the profile or time series and it will be displayed in a separate window.  

4.12.4 Time Series Display  
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This group includes time series of liquid water path (LWP), integrated water vapour (IWV), 

cloud base height (CBH) and the surface sensors (temperature, rel. humidity, barometric 

pressure, wind speed, wind direction and rain rate). CBH data is available for all 

temperature profiling radiometer models (RPG-HATPRO, RPG-TEMPRO, RPG-

LHATPRO) if the IRR option is installed. LWP, IWV and CBH are retrieved data products 

and are therefore quality checked. The quality level (High, Medium, Low) and the possible 

reason for reduced data quality is shown below the time series charts. All time series 

include a rain flag display. Each window displays the current reference time, date, sample 

number, sample value, retrieval type (if applicable) and cursor position (when the mouse 

cursor is moved into the display area).    

  

Fig.4.11d: Time series of atmospheric data like IWV, LWP, cloud base height and sensor data 

(wind speed and wind direction in this case).  

  

4.12.5 Profiles Display  
 

The group summarizes all available profiles. There are three temperature profile displays, 

one for the boundary layer scan (TPB) with high vertical resolution (range 0-2000 m), one 

for the zenith observation (TPC, full troposphere profile with coarser resolution in the 

boundary layer) and one for the composite profile (CMP.TPC). The composite temperature 

profile is a combination of the high vertical resolution boundary profile and the full 

troposphere profiles. Both profiles are linked together at the 1200 m altitude level by 

applying a cubic-spline fit. The temperature profiles are in blue colour while the dew point 

temperature profiles are in green. Dew point information is only available (and displayed), 

if the radiometer is equipped with a humidity profiler. Absolute humidity and dew point 

temperature are only different versions of the same information content. Like with all 
temperature displays, the temperature axis can be scaled to Celsius, Fahrenheit or Kelvin.  
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On the bottom of the screen the diagrams for absolute humidity (HPC), relative humidity 

and the liquid water profile (LPR) are shown. The LPR data product is automatically 

generated when the products LWP, IWV and IRT are selected in the MDF product list and 

a retrieval for the maximum LWC is installed in the LWP retrieval directory (must have the 

same retrieval filename as the LWP retrieval but starting with óLWMô instead of óLWPô). X-

axis: LWC-density [g/m3], Y-axis: altitude [m].  

Additionally, the boundary layer height and freezing level is marked on the profile displays.  

 

Fig.4.11e: Atmospheric profiles display.  

  

4.12.6 Thermodynamic Diagrams / Stability Index Display  
  

This group presents a thermodynamic diagram (Skew-T, Tephigram, Stüve diagram or 

Emagram) display which is often used by meteorologists to analyse the atmospheric state. 

The diagram is only active during measurements of RPG-HATPRO or RPG-LHATPRO 

radiometers, which provide the profile data required for this analysis.   
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Fig.5.11f: Thermodynamic Diagram / Wind Info / Stability Index display.  

  

The diagram is organized very similarly and delivers the same data analysis as presented 

in the famous sounding software package RAOB® by Environmental Research Services 
(ERS), http://www.raob.com/, which is widely used by meteorologists.   

The user may select between the most common 4 diagram types Skey-T, Tephigram, 

Stüve or Emagram, by selecting it from one of the radio buttons on the bottom of the 
screen.  

The radiometerôs temperature profiles are plotted in blue, the dew point profiles in green. 

When radio soundings are automatically loaded (see section 4.12.6.1), the RS temp. is 
plotted in magenta and the RS dewpoint profile in brown (see Fig. 5.11f).  

To the right of the thermodynamic diagram (TDD) the wind information is displayed. The 

user can select between the radio sounding wind profile (RS radio button) or the profile of 

a wind profiler connected to the radiometer (Profiler radio button). If a wind profiler is not 

present, the surface wind measured by the radiometer is plotted. Additional wind plots are 

available by clicking the Hodog. button. A new window is opened, displaying a hodograph 

(horizontal wind vector diagram) and a wind speed profile.  
  

  

Temp. Profile  

Dewpoint  

Profile  

wind  
information  

RS  
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Hodograph and horizontal wind speed profile.  

  

The Legend button presents a window explaining the TDD coloured lines and wind 
symbols:  
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By running the cursor over the TDD, the Parcel Data and Diagram Data are updated on 

the right side of the wind diagram. The parcels (corresponding to the retrievalôs altitude 

layers) are indicated as little dots along the T- and Tp-profiles.  

Six of the most common stability indices (lifted index (LI), K-index (KI), KO-index, Showalter 

index (SI), CAPE index, total totals index (TTI)) are monitored in the upper right corner.   

A definition of a certain index is listed by double-clicking on one of the index panels. A time 

series of each index is available with Time Series:  

                   

The stability indices are stored in files of extension ó.STAô.   

  

Other useful information like the LCL (Lifted Condensation Level) and LFC (Level of Free 

Convection) is marked on the TDD. When the Potential Temp. check-box is checked,  the 

potential temperature, shifted by -60°C to be plotted within the diagram, is added to the 

TDD in red colour. It contains valuable information about the stability of the atmospheric 

layers (see definition of KO-index).  

 

The potential temperature is given by:  
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p0 is the reference pressure (1000 mbar), Ra is the gas constant for dry air (287 J / kg K), 
Cp is the specific heat capacity at constant pressure (1004 J / kg K).  

 

Example of a 10 hours History Profile display.  

  

Below the TDD, the user may select the History Profiles period (between 2h and 10h). If 

this feature is selected, the T- and Tp-profiles of the last few hours are also displayed, 

giving an impression of the variability of the atmospheric state over time. The time pitch 

between the profiles is one hour. Therefore, a 10h period will display the profiles of the last 

10 hours. When clicking on one of the  buttons, a member of these profiles is 

highlighted.  

  

4.12.6.1 Automatic Loading of Radio Soundings  
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The Host software allows the automatic loading and display of radio soundings. In order to 
activate this feature, click the Auto Loading Details button within the Radio Sounding box.  

The Auto RS Loading menu will be shown. When checking Automatic RS Loading, auto 

loading is activated. The directory, from which the radio sounding file is imported, is defined 

in the Auto RS Directory box.  

Because there is no unified format for radio soundings, the format needs to be selected 

from the Current RS Format combo-box. If a new format has to be defined, click Change 

/ Add RS Format. The menu described in section 4.16.2 pops up to extend the RS format 

data base.  

                                           

RS auto loading menu.  

  

The Auto-RS-directory is scanned every 10 seconds for a new radio sounding file. If a file 

is detected, it is automatically loaded and displayed in the TDD and the RS wind profile is 

updated accordingly. The currently loaded RS filename is listed in the Radio Sounding 

box. After loading, the RS file is removed from the Auto-RS-directory to avoid ambiguities 

with new files that are stored to the directory sequentially.  

  

4.12.7 Attenuation Display  
  

This display is similar to the brightness temperature diagram and monitors the time series 

of atmospheric attenuation. The vertical axis unit is dB as the standard unit for attenuation 

parameters. The attenuation is only calculated for the microwave channels. The standard 
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attenuation retrievals are applicable for all elevation angles and can be used in scanning 
mode.   

The displays can be toggled between Tau in Neper and attenuation in dB.  

  

Fig.4.11g: Atmospheric attenuation display.  

  

4.12.8 Satellite Tracking Display  
  

If satellite tracking is enabled in the running MDF, the scanned satellite information, like 

satellite number, navigation file, satellite elevation and azimuth position, wet path delay, 

LWP and atmospheric attenuation along the line of sight are listed for each scan.  

4.12.9 Housekeeping Display  
  

Data like GPS position, receiver stability, system temperatures (ambient target, receiver 

temperatures), flash memory capacity, quality flags and system status flags are 

monitored. By clicking the Legend button, the colour codes for the different flags are 
listed. An ALARM  
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indicator warns the user if a systematic problem with the radiometer has occurred. A 
detailed description of housekeeping flags is given in appendix A18.  

  

  

Fig.4.11h: Housekeeping data display.  

  

4.13 Concatenate Data Files  
  

In UNLIMITED termination mode, the radiometer periodically generates new data filenames 
(e.g. every hour). It is often desirable to concatenate data files of the same type (*.LWP,  

*.TPC etc.) to form bigger files (e.g. 24 hour files). This is possible by clicking  

(Concatenate Data Files) which opens the menu in Fig.4.12. A set of filenames is 

selected from the list and then concatenated to a single file with Generate Concatenated 

File.  All files in a certain directory can be automatically concatenated to daily files by using 

the   Generate Daily Files command. Optionally, the original hourly files can be deleted, 
if the appropriate checkbox is checked.  
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Fig.4.12: Concatenating data files.  

4.14 Cutting Connection  
  

 (Cut Connection to Radiometer)  
If the user wants to disconnect the H-PC from the interface cable or turn off the radiometer 

after having been connected this command should be used first. It ensures that all 

communication activities between H-PC and R-PC are disabled so that the H-PC will not 

crash after disconnection.  

4.15 Data Post Processing  
  

Files of products that are based on retrievals (LWP, IWV, profiles) can be generated by 

combining brightness temperature files, meteorological sensor files and corresponding 

retrieval files. The frequencies specified in a retrieval file (see section 5) must match the 
frequency information in the BT (Brightness Temperature) file.   

Example: An LWP retrieval requires BT information at 23.8 and 31.4 GHz and input 

from a temperature sensor and humidity sensor. A RPG-HATPRO radiometer provides 

this information in a BRT file. The calculation of the LWP data is performed in the 
Transform  

Brightness Temperature Data to Atmospheric Data menu (click ). Fig.4.13 
shows an example. The file 100520.MET (click on the filename in the list) is combined 

with the BRT file 100520.BRT (click on the filename in the list), both recorded at the 

same time and date, by applying the retrieval information of the HPT_QR_FZK_V1.RET 

file. Generate Humidity Profile performs a consistency check (frequency matching, 
additional sensor matching) and generates a new .HPT file.   
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Fig.4.13: Generate level 2 data (atmospheric data like LWP, IWV or profiles) from asso- 

ciated BT and sensor data files.  

When a humidity profile MyFile.HPC is created, the software first looks for a RHP 

retrieval (relative humidity retrieval) file associated with the selected HPT retrieval file 

in order to generate relative humidity profiles in addition to absolute humidity profiles. If 

an RHP retrieval is not found, the H-PC automatically looks for a MyFile.COM.TPC file 

(in the same directory as the BRT file is located) containing a composite temperature 
profile chart (see section 4.16.3).   

If this file is found, relative humidity profiles are calculated by combining the absolute 

humidity profiles (calculated from the MyFile.BRT brightness temperatures) and the 

temperature profiles in MyFile.COM.TPC. The relative humidity profiles are then 

appended to the absolute humidity profile information in MyFile.HPC. If 

MyFile.COM.TPC is not found, the software looks for a MyFile.TPC located in the same 

directory as MyFile.BRT and uses the temperature profiles of this file to create the 

relative humidity information. Only if neither MyFile.COM.TPC nor MyFile.TPC is 

found, the MyFile.HPC exclusively contains absolute humidity profiles. The Rel. Hum. 

Button in the Display Absolute Humidity Profiles menu is then disabled when loading 

the MyFile.HPC.  

A very sophisticated feature is the Auto Transform function of this menu (upper right 

corner). The requested retrievals are all selected from the list (green entries). Then the 
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level 1 data source (brightness temperature data and MET data) is selected from the 

Brightness Temperature Data File box. By clicking the Start Transform Process button, 

the whole data directory is processed to level 2 data (atmospheric data). In Base Name a 

preceding name for the resulting level 2 data files can be defined. When checking the 

Include Subdirectories checkbox, the level 1 directory with all of its subdirectories is 

processed. This feature is very useful when processing archived data that is organized in 

a directory tree.   

4.16 Data Display Menus  
  

For each measurement data product a display window is available. Click on the open button  

 and select a product from the pull down list. Then load a product data file. Fig.4.14a 

is an example of a boundary layer temperature profile chart. All data display menus 

indicate start time, end time, time reference, duration, and retrieval algorithm (for retrieval 

products).  

One may zoom into the data by pressing the left mouse button in the display area and drag 

the mouse to a different position (mouse button still pressed) to define a rectangle 
(indicated by a black frame). For zooming back click Zoom Out.  

For coloured maps as profile charts and brightness temperature charts, by clicking Select  

Profile and moving the mouse into the display area the cursor changes its appearance ( || 

). When clicking on the display area, another window is opened showing the line profile or 

profile at the time point corresponding to the cursor position (see Fig. 4.14b). A right mouse 
button click exits the profile selection mode.  

By clicking on Time Series and moving the mouse into the display area, the cursor changes 

its appearance (     ). When clicking on the display area, another window is opened showing 

the time series related to a certain altitude or frequency. A right mouse button click exits 
the time series selection mode.  

Brightness temperature data files always contain the elevation angle information for each 
sample. The elevation angle display can be toggled (Show Angles, Blank Angle).  

You can enter contour values in the profile charts (with Add and Del) to be plotted as lines 

in the colored display. With Redr (Redraw) the display is updated according to the newest 
contour list. The contour lines are turned on and off with On and Off.   

Most display menus can be stretched in size (resized) by positioning the mouse on the 
menu window edge and drag it to the desired position. The display is then adjusted in size.  

All display menus show the time series of measured data with a rain flag stored for each 

sample in the data file. This flag is indicated underneath the data plot labelled with RF. 
During rain events, the flag is colored in blue, otherwise in gray.  

Profile and line charts display a legend with a color code bar. By clicking on the dark grey 

shaded area of the legend the sub-menu in Fig.4.15 pops up. When Auto Scaling is 

checked the program automatically uses the minimum and maximum numbers for the 

color axis limits. When Auto Scaling is turned off, these limits are taken from the two 

entry lineslabeled with Color-Axis Min and Color-Axis Min. Exiting this menu with OK 

will initiate a new plot with different colour coding  
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Fig.4.14a: Temperature profile chart window.  

  

   
Fig.4.14b: Temperature profile (with radio sonde comparison) and time series plots.  

 

 
Fig.4.15: Colour code bar scaling menu.  
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The profile display windows (like the one in Fig.4.14b) offer a similar feature. By 

doubleclicking on the display area in these windows a similar menu like in Fig.4.15 is 

displayed which allows for automatic or manual scaling of the temperature and humidity 
axisô in these menus.  

Another type of data display is the scalar type time series like LWP, IWV, meteorological 

sensors, infrared radiometer temperature or stability indices (Fig.4.16). No colour code is 

required because the data type is scalar instead of a vector (e.g. a profile). The Display 

Stability Indices menu has a special information feature. By double-clicking on one of the 

index labels a text file is shown with information about the index definition and thresholds 
for severe weather conditions.   

  

 
Fig.4.16: Stability index display. Information about a certain index can be obtained by double-

clicking on the index label.  

  

4.16.1 Data filters  
  

Most data displays offer a filter function sub-menu accessed by clicking Filter. The window 
in Fig.4.17 appears. The filter can be turned on/off by checking/unchecking Enable Filter.   

  

Three filter flags can be selected:  

  

Interpolate Rain Samples: This filter linearly interpolates the data samples taken during 

rain events by using the two óno rainô samples before and after the rain event. E.g. the water 

vapour line channels are very sensitive to droplets on the microwave radome or shutter 

  
index labels  
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blocking. The acquired data will not be useful in this situation and can be overwritten by 
this filter.  
  

                                    
Fig.4.17: Filter functions sub-menu.  

  

Spike Clipping: This filter eliminates sharp spikes in the data caused by blocking the 

microwave window during the measurement (e.g. by human beings, birds etc.). The 

maximum spike length measured in samples can be defined in Maximum Spike Length 

[Samples] and a clipping threshold is entered in Clipping Difference Threshold to 
distinguish the spike from general noise.   

Enable Averaging: Noise on the data may be reduced by this filter. It generates the mean 

value of the number of samples given in Integration Samples for Averaging Filter. These 
samples are centered around the filter sample.  

When pressing Apply the filter with its new settings is executed. The resulting filtered data 
file can be stored with the Save Filtered File command.  

  

4.16.2 Import Radiosonde Files  
  

The temperature and humidity profile display menus offer a feature for loading radiosonde 

data files to directly compare with the radiometer data (Import RS Data). When a 

radiosonde file is loaded and the RS display toggle button shows Display RS Data, the 

radiosonde data is displayed in red as an additional plot when a profile is selected like in 

Fig.4.18:  

By clicking the Import RS Data button in a profile map window, one enters the Radiosonde 

File Format sub-menu in Fig.4.19a. Radiosonde data files (usually available in ASCII 
format) come in a variety of different file formats.   

A typical example is shown in Fig.4.19b. Usually the file starts with a header containing 

information about the station (e.g. station number) and a definition of the data columns and 
their units. The data is listed in columns separated by blanks, commas etc.   

Before loading such a file one has to define in which columns the program can find the 

three important data types Altitude, Temperature and Humidity (wind speed and wind 
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direction are optional). The user may set the right column numbers in the Radiosonde File 

Format submenu. For instance, in the ASCII file in Fig.4.19b the altitude column number 

is 2, the temperature column is 3, the rel. humidity is listed in column 5, wind speed in 

column 8 and wind direction in column 7.  

Fig.4.18: Absolute humidity profile with radiosonde data in red. 
  
Available altitude units are m, km, hPa and Pa. Sometimes the altitude is not stored in m 

or km but as the barometric pressure (e.g. mbar or hPa or Pa).  

Units for the temperature are °C, K, F or °C*10. The last unit is sometimes used to keep 
the column data format as an integer number (e.g. 12.3°C is written as 123).  

Because wind speed and wind direction are optional (not mandatory) data columns, the 

wind information reading may be turned off by setting the wind speed column number to 
zero.  
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Fig.4.19a: Radiosonde file format definition and file loading.  

Units for relative humidity are %, 0-1 or Dpt. The most common unit is % but rel. humidity 

is sometimes expressed by a number between 0 and 1. A less frequent unit is Dpt 

(dewpoint, expressed in the same unit as for the temperature column) and the rel. humidity 
has to be computed from that number and the temperature reading.  

  

  
Fig.4.19b: Typical radiosonde data file format (ASCII). Units are m, °C and %.  

  

Furthermore there are radiosonde file formats with reversed order, meaning that the highest 

altitude sample is listed first. In this case one has to check the Reverse Order checkbox. 

For ground level correction it is useful to define the radiosonde station altitude (Station 

Alt.) and radiometer altitude (Radio. Alt.).  

All settings can be stored in a database (file RS.FMT in the home directory) by clicking Add 

to Database; do not forget to define an entry name first. Each entry is listed in the Current 
Entry list box and can be deleted from the database with Delete from Database.  

Once all parameters for the file definition are entered, the radiosonde file can be loaded 
with Load RS File.  

  

4.16.3 Generate Composite Temperature Profiles  
  

A special feature is available in the Display Temperature Profiles (Full Troposphere) 

menu. Usually the menu is used to display *.TPC files which were created in zenith 

observation mode. As discussed in section 2.3, the zenith observation mode leads to much 

coarser vertical profile resolution in the boundary layer compared to the BL (Boundary 

Layer) mode but works best for altitudes >2000 m.  Thus it is desirable to combine the 

observations of both modes into a single data file. When a MyFile.TPC file is loaded to the 

Display Temperature Profiles (Full Troposphere) menu and a MyFile.TPB file is located 

in the same directory as the MyFile.TPC, a MyFile.COM.TPC file is generated when 

clicking the Generate Composite Temperature Profile Chart button. This file contains a 

composite temperature profile combined from the two MyFile.TPC and MyFile.TPB files. 

The temperature values below 1200 m altitude are identical in MyFile.COM.TPC and 
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MyFile.TPB and the same is true for the temperature values above 2000 m which are 

identical in MyFile.COM.TPC and MyFile.TPC. In the altitude range 1200 m to 2000 m the 

MyFile.COM.TPC file temperature values are generated from a cubic spline fit to match 

both profiles in MyFile.TPC and MyFile.TPB smoothly. The cubic spline interpolation 

ensures that the first and second derivative of the fit match precisely the two profiles from 

which it has been generated.   

  

 
   Fig.4.20a: How to create a composite temperature profile chart.  

  

                              
Fig.4.20b: Example of a composite temperature profile.  

  

The file structure of the composite profile chart is identical to the *.TPC files which is 

indicated by the same file extension. Consequently the composite file can also be displayed 

in the Display Temperature Profiles (Full Troposphere) menu or converted to ASCII file 
format with the same tool as all other *.TPC files.  

  

              

Click here to generate a  
composite temperature profile  
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4.16.4 Generate Cloud Base Height Charts  
  

When the infrared radiometer option is installed, the RPG-TEMPRO, RPG-HATPRO and 

RPG-LHATPRO can measure the cloud base height by identifying the infrared radiometer 

temperature with the physical temperature of the cloud base (if any) and deriving the height 

of the cloud by using the temperature profile. The embedded R-PC automatically generates 

the cloud base height charts (*.CBH) when infrared radiometer data is acquired and 

temperature profile data is available. The same holds for the H-PC when it monitors IR data 

and temperature profiles. Even though a post-processing is possible, which means a 
manual generation of a MyName.CBH file from a MyName.IRT + MyName.TPC or  

MyName.CMP.TPC file. The MyName.CMP.TPC file (if available) is always preferred over 

the MyName.TPC file because the composite temperature profiles are more accurate than 
those derived from zenith observations only.  

The manual post-processing of IRT and TPC data is performed in the IR data display 
window as shown below.  

  

 
  

4.16.5 Boundary Layer Height  
  

When the radiometer performs boundary layer scanning during a measurement in order to 
derive temperature profiles with high vertical resolution (*.TPB), the software 
automatically creates a boundary layer height file (*.BLH). The algorithm used to calculate 
the BLH is the following:  

1. Calculation of the potential temperature for each altitude of a temperature profile:  
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Create a CBH file corresponding to  
the loaded IRT file   
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p0 = reference pressure, p = pressure at altitude layer, R = ideal gas constant, cp = 

specific heat capacity at constant pressure.  

2. Checking of Parcel condition Ū(z2) < Ū(z1) for z2 > z1. This region represents 

the mixing layer. The BLH is the altitude where Ū(BLH) = Ū(0) (magenta line in 
figure below, representing instable condition, mixing layer).  

3. If the Parcel condition is not fulfilled, the derivative of Ū(z) is calculated (Ūô(z)). 
If a minimum of Ūô(z) exists, two possibilities may occur:  

a. Ūô(zmin) >= 0: BLH = zmin (white line in figure below, stable layer)  

b. Ūô(zmin) < 0: The BLH is the height above zmin, where Ūô(BLH) = 0 (white line 
in figure below, stable layer, often accompanied by inversions).  

  

In all other cases the BLH is set to zero. The BLH is stored in a separate data file (see 
Appendix A17), corresponding to a *.TPB file.  

  
Stable BL (white) and instable mixing layer (magenta).  

  

4.16.6 Housekeeping Data Display  
  

When housekeeping data is displayed, six different display windows are available, 

corresponding to the six data categories System Temperatures, Receiver Stability, GPS 
Position, Quality Flags, System Status Flags and Flash Memory.   
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For more details on these data types please refer to Appendix A17. After a HKD file has 

been loaded, one can display each of the data types by clicking the related display 

button. A colour legend explains the meaning of the different colour codes in the Quality 
Flags and Status Flags displays.  

  

4.16.7 Full Sky Scanning Displays  

By selecting the ó2D IWV Mapô () command from the Files => Open Files list, the 
following menu pops up:  

  
  

This menu displays normalized IWV data (IWV divided by airmass) that has been measured 

using the 2D scanning feature described in section 4.9.4. The central cell corresponds to 

the zenith observation angle and the data cells located at the edge of the diagram are 

related to horizontal observations. The numbers around the circle identify the azimuth angle 

(technical angle counted counter clockwise) and the sky directions N, E, S, W are marked 
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for clarity. The instrument 0° azimuth angle corresponds to north direction while 90° 
azimuth angle corresponds to the East direction. 

IWV is a level 2 data product which requires a retrieval file that contains the required 

coefficients. In a full sky scan the radiometer changes the observation elevation angle, thus 

a multi-angle IWV retrieval is required for a correct evaluation of the scan data. In the 

display above, the retrieval file name is IWV_QR_MA_FZK_V1.RET. The óMAô term 

indicates that the IWV retrieval is a multi-angle retrieval. If the user is selecting a retrieval 

developed for constant observation angles, a warning message will be issued. In order to 

display IWV data in this menu, one has to load a *.BRT data file by clicking the Load TB 

File button. After loading a data file, the specified retrieval is automatically applied to 
convert the brightness temperature data to IWV data.  

Close to the horizon the radiometer beam is often blocked by obstacles and at 0° elevation 

angle the beam is influenced by ground radiation. Therefore, it is desirable to define an 

óobstacleô pattern to mark those cells that are not relevant due to beam blocking. To do so, 

the Enable Obstacle Mode check box has to be checked and blocking cells can be defined 

by toggling the enter mode with Add Cells or Delete Cells and clicking on the relevant cell 
in the diagram. The result might look like:  

  

                    
  

Once a cell is marked as blocked (white colour), the cellôs data content is no longer be 

taken into account for calculations like the displayed óIWV Variationô. When the cursor is 

located on a blocked cell, the data content displayed on the right of the diagram is showing 
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óNANô which means Not A Number. The obstacle pattern definition can be stored and 
loaded using the Store and Load commands.  

The colour range for the IWV display is adjusted in the Colour Scaling box. For the 
example above the IWV variation over the full sky is about 1 kg/m^2.  

The full sky scanning feature is typically used every 10 or 15 minutes to monitor changes 

of the water vapour distribution. Each scan is automatically stored in a separate data file. 

A ómovieô of the IWV evolution can be displayed by defining the list of *.BRT full sky 

scanning brightness temperature files with Define WVL File List . A separate menu 

opens where the user may select multiple files for auto display. The Start button starts the 

sequence and Stop halts it. With Reverse the file sequence is processed in reversed 

chronological order and Reset jumps to the first data file of the list. When the auto display 

is halted by pressing Start  , a manual file display progression can be performed by 

successively clicking Single. In auto display mode the pausing interval between 

successive data file displays can be adjusted by selecting a different time from the combo 

box.     

  

                  
LWP map indicating cloud coverage.  

  

A similar full sky display diagram is available for LWP data.   

If the IWV display is also activated, the LWP display is synchronized to the IWV display by 

checking the Sync. with IWV checkbox. Then the file list defined in the IWV full sky display 

menu is used for both diagrams and the auto display is controlled by the IWV Auto Display 
commands.      
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4.17 Manual Radiometer Control  
 

When the H-PC is connected to the instrument and the R-PC is in STANDBY- or HALTED- 

mode, the manual control functions are enabled. Click  (Manual Radiometer Control) 

to enter the Diagnostics and manual control menu in Fig.4.21.  The reason of 

implementing these functions is mainly for diagnostic purposes. When a radiometer is 

assembled, every single electronic component must be tested. The receiversô long term 

stability is checked for several weeks by monitoring the detector voltages. However, some 

of the diagnostic functions are also useful for other tasks.   

 4.17.1 Elevation / Azimuth  
  

The Elevation / Azimuth tab sheet is used (for instance) to change the observation angle 

during a measurement in HALTED mode. If Reset Position is checked the stepper is reset 

to its original position after leaving the diagnostics menu. If the user wishes to keep the new 
position he must uncheck Reset Position.   

  

  
Fig.4.21: The stepper / azimuth scanner control tab sheet.  
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Elevation stepping positions can be set relative in stepper units (600 units correspond to a 

full turn) or absolute in DEG. Since the stepper can move to both quadrants of the 

microwave window, the azimuth angle flips from 0° to 180° when the mirror crosses the 
zenith direction. The absolute elevation stepper positions are as follows:  
  

Å Zenith: +90°  

Å Horizontal: 0°  

Å Ambient target: -90°  
  

The angular stepper resolution is 0.6°. The azimuth value of 180° is usually not used 

(only in Sky Tipping Bilateral Mode). The angle range elevation 0-90°, azimuth=0° is 
the active quadrant and is marked on the outside radiometer housing by a red arrow.  

The Azimuth sub-window is only visible if an azimuth controller is connected to the H-PC 

or R- PC. The same holds for the infrared radiometer elevation sub-window which is only 
shown if the motorized IRR option is installed.  

 

4.17.2 Channel Voltages  
  

The Channel Voltages tab sheet is the main diagnostics tool (Fig.4.22).   

Each of the four acquisition channels (not to be mixed up with receiver channels!) can be 
configured to sample one of the following data sources:  

  

Å Receiver 1 detector voltage (1:1)  

Å Receiver 2 detector voltage (1:1)  

Å Receiver 1 board temperature (T=voltage*100 [K])  

Å Receiver 2 board temperature (T=voltage*100 [K])   

Å Ambient target temperature (T=voltage*100 [K])  

Å Environmental temperature (T=voltage*100 [K])  

Å Barometric pressure (P=voltage*1000 [mbar])  

Å Rel. humidity (H=voltage*100 [%])  
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Fig.4.22: Channel voltages tab sheet.  

  

The sample integration time and maximum number of samples are set in General 
Parameters.  

While sampling detector voltages, one can manually turn the noise diodes on and off to 

check for a correct noise source operation (ND1 and ND2). The detector voltage display 

can be switched to each receiver channel by selecting its frequency from the related fixed 
frequency list boxes (Rec 1 and Rec 2).   

The channel readings are displayed graphically and also in the Status frame. Data zooming 

is possible. After the sampling is halted (Stop), a ruler function becomes available to 
measure the precise voltage at a certain time (Ż).  

Reset clears the acquisition display and sets the Y-axis to +5 V (maximum).  

  

4.17.3 Sensor Calibration  
  

This tab sheet is needed to calibrate the thermal sensors, pressure sensor, humidity sensor 

and infrared sensor. It is not intended for user purposes. The sensor calibration must be 
performed by qualified personal only and is done before the radiometer delivery.  
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Fig.4.23: Sensor calibration tab sheet.  
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4.17.4 Radiometer System  
 

The tab sheet in Fig.4.24 comprises a manual toggle for switching the dew blowerôs speed to 

low and maximum (Speed Toggle button bottom left) which is intended for testing the blowerôs 

and heaterôs functionality.   

A useful feature is the Restart Radiometer Software function. When an update of the 

radiometer software has been performed by transferring a new RadPC.EXE file to the 

radiometerôs system file directory, a software reset is required to run the new software version. 
When clicking on the Reset Radiometer PC button a warning message is displayed.  

The Reload Configuration + Shifts function sends a configuration inquiry to the radiometer 

which is then displayed in the Radiometer Configuration box. The information shown 

summarizes all specific hardware settings related to the radiometer model and equipment. A 
modification of these parameters is critical and password protected.    

Power Failure Handling can be disabled (Clear Recovery Mode) or enabled (Set Recovery 

Mode). When enabled, the power failure handling automatically restarts the measurement on 

the radiometer after a power failure. When disabled, the radiometer returns to STANDBY 
mode after the power failure.  

It is possible to manually set the radiometer time and date with the Set Radiometer Time / 

Date function after entering the new time and date to the 6 edit boxes in the Set Time / Date 

group box. The current GPS clock time can be read with Read GPS Time / Date. A list of 

visible GPS satellites, together with their individual elevation and azimuth locations, is shown 
after clicking GPS Satellite Vectors.  
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Fig.4.24: Manual control of radiometer configuration, recovery mode, dew blower speed 

and GPS clock.  
 

 

 

4.17.5 RadPC Screen Monitor  
 

The application running on the radiometer PC is monitoring several hardware details, which 

are usually not available from the Host-PC side. The RadPC Screen Monitor -tag offers the 

possibility of showing a copy of the radiometer application screen. It includes the movement 

status of MWR/ IRR scanner, the TCP-IP channel activities, measurement status, COM 

interface status and a scope display, showing e.g. the noise injection in the case of a noise 

adding radiometer (G5). 
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RadPC Screen Monitor. 

 

4.17.6 LOGs  
 

 

The radiometer application is continuously generating a variety of LOG files that are very useful 

for analyzing the current radiometer status or when problems need to be fixed. These LOG-

files are grouped into different sub-directories according to their relevance. The LOGs-tag 

is listing the available LOG-subdirectories, from which each individual LOG file can be 

accessed. By clicking on a specific file in the LOG file list, its contents is displayed within the 

edit-box on the right. 
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4.17.7 TDCS Diagnostics Functionality  
 

Tropospheric Delay Calibration System (TDCS) radiometers are equipped with an external 

reflector in order to increase the spatial resolution: 

 

 
 

Absolute calibrations using LN2 targets are not taking the losses of the external reflector into 

account. These losses must be determined in a separate step and for each receiver channel 

individually. 

When the Host-PC is connected to a TDCS radiometer, the instrumentôs main reflector loss 

factors are displayed in the Diagnostic and Manual Control window, Radiometer Config. 

tag, see ellipse above. This tag is reserved for manufacturer use, because it contains controls 
for critical radiometer parameters related to hardware and calibration issues. 

 

 
 

The reflector loss values listed within the TDCS Reflector Losses box are all editable. 

Alternatively, the file TDCS_REFL_LOSS.ASC in the CALIB-directory on the radiometer PC 

might be edited manually. The loss factors are also stored in the dedicated history file 
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TDCS_REFL_LOSS_HIS.LOG file, stored in the LOG\TDCS_REFL_LOSS directory on the 
radiometer PC, which can be inspected from the diagnostics LOG-tag: 

 

 
Inspecting the content of the TDCS_REFL_LOSS_HIS.LOG file on the radiometer PC. 

 

The TDCS reflector losses are preferably determined by an automated procedure, that can be 

executed from the Diagnostics and Manual Control menu, Radiometer Control-tag. It 

should be noticed, that the accuracy of the loss measurement strongly depends on the 

atmospheric conditions. The measurement is performed in zenith direction and there should 
be clear sky conditions in this direction. 

 

 
 

In addition, the loss measurement can only be started in STANDBY mode, but not during a 
running MDF. 

 

 

 






























































































































































































