
 

 

CHAPTER-1 

  

Radiosonde 

  

IMD has a network of 39 upper air stations taking RS/RW observations twice 

daily. For upper air observations balloons are released twice daily at 0000 UTC & 

1200 UTC with a radiosonde (RS) transmitter system, which transmits 

meteorological data i.e temperature, humidity and pressure at different levels. The 

balloon is tracked for upper air wind data (Wind direction and wind speed) with the 

help of theodolites. The Radiosonde consists of sensors for atmospheric sensing. 

The parameter values indicated by the sensors are suitably converted and 

communicated to the ground station with the help of the transmitter and receiver link. 

The data is analyzed to get the atmospheric parameter values. The accuracy of the 

radio sonde, receiver electronics and the software algorithm all contribute to the 

correct atmospheric sensing. 

For measurement of upper air atmospheric pressure profile, the radiosonde uses 

mechanical pressure sensor called baroswitch. The baroswitch works on   the 

principle of vaccumization. It consists of 37 different mechanical parts. All these parts 

are being manufactured and assembled together in IMD workshop. The baroswitch 

works as pressure sensor as well as switching device for selection of modulating 

entity like temperature, pressure and humidity. In the present circuit the digital 

pressure sensor IC ASDXACX015PAAA5 has been used for measurement of 

pressure profile and for switching a multiplexer IC CD 4051 is used. Hence 

eliminating the vacuum based baroswitch sensor. The compatible electronics has 

been designed for completion of digital radiosonde.    

2. Circuit Design: 

The block diagram of digital radiosonde is given below in fig-1; 
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Fig.-1 

The fig 1 above shows the block diagram of digital radiosonde. A Five Channel 
Signal Conditioning Card (SCC) is the heart of the digital radiosonde. It accepts the 
resistive inputs from two thermisters and one Hygrister and dc voltages of analog 
Pressure transducer along with 22 Voltage DC from water activated battery.  The 
SCC generates 5 Volt TTL Pulse with varying frequency.  Each sensor signal is 
available for the time period of 500 msec. The card also generates 1000 HZ 
reference frequency for normalizing the effects of weather on the hardware. The 
sensors are connected to the card through five channels. Each channel data is ‘on’ 
for 0.5 sec, thus one data set is available every 2.5 seconds. The signal sequence of 
the 5 channels is in the figure below.  
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Fig-2 

3. WORKING 

The block diagram of Signal Conditioning Card (SCC) is shown in fig 3. The card 
takes inputs from Pressure, Temperature and Humidity sensors, converts these 
inputs and generates the  waveforms. This waveform is used for modulating the R. 
F. signal at 400 MHz. The FSK modulated RF signal is subsequently received at 
ground by the receiver and decoded to extract the sensor values.  

  

  

  

  

  

  

  

  

Fig-3 

  

Five DC voltages corresponding to sensors (P T-Air U and T-Box) and Reference 
signal are fed to the LM 324 IC for unity gain amplifier. For adjusting the pressure 
transducer output the potentiometer (P1) has been provided to adjust Amplifier gain. 
The outputs of unity gain amplifier LM 324, four-buffered voltages are fed to the MUX 
(CD-4051) to select one of the four channels, and selected channel is fed to V to F 
converter IC KA-331.  The Reference frequency can be adjusted with the help of 
potentiometer (P2). The detailed circuit diagram is given below in fig-4; 

Fig-4 

The working of different channels may be explained as follows; 

(a)  Thermister Hygrister and Reference Channel Design : 
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The main requirement is to generate the Thermister frequency for Temperature 
range 45o C to –90o C between 925 Hz to 300.93 Hz. Similarly to generate the 
Hygrister frequency for Humidity Range of 10 % to 100% between. 925 Hz to 38 Hz 
and also to generate reference frequency around 1000 Hz. The resistance divider 
network shown in Figure 5 fulfills these requirements. The details are summarized 
below; 

  

  

  

S.No. Parameter Parameter 
variation 

Resistance 
variation 

Voltage 
variation 

Frequency 
variation 

1 Temperatures 45o C to –90o 
C 

10 K to 600  

K 

3.97 V to 
0.30 V 

925 Hz to 
300.93 Hz 

2 Hygristor 10 % to 100 
% 

10 K to 375  

K 

3.97 V to 
0.41 V 

925 Hz to 38 
Hz 

3 Reference   Fix divider 
network of 39 

K & 1.5 K 

4.81 V fixed 925 Hz to 
1100 Hz 

Table-1 

  

(b)    Pressure Channel Design  

The Pressure Transducer outputs the voltage (Min 0.4V And Max 3.5V) which is fed 
to Non-inverting amplifier circuit (LM 324) whose gain is given by gain = 1 + (P1/ 
R9); Where, P1 = 10 K pot, R9 = 6.8 K. Since the pressure transducer output voltage 
varies from piece to piece, the Pot P1 is adjusted to get uniform voltage at 1000.0 
hPa. 

(c)    Timer & Multiplexer Circuit :  



The IC 4051 is used for selecting the five channels as given below. This is achieved 
by generating the pulse train of 1 second and 2.5-second signal. Multiplexing details 
are given below in table-2; 

Parameter A  B  C  

Reference  0 0 0 

Pressure 1 0 0 

Temperature-1 0 1 0 

Temperature-2 1 1 0 

Humidity 1 0 1 

Table-2 

The 1-Sec and 2-sec pulse trains are generated by IC 4060 (Oscillator).  One of the 
four signals is imposed on the multiplexer for a period of 500 msec. The reference 
clock 5 KHz (0.2 msec) is generated by IC 4060, which is used for generating square 
pulses of 1-sec and 2- sec. 

(d)  V to F Converter: 

The P T U and Reference voltages are available at input pin of V to F Converter IC 
LM331.The output signal of LM331 is rectangular pulse train whose OFF time is 

fixed to 85 sec and ON time varies with the input voltages. 

The Frequency of the output Signal is given by  

Fout = (Vin*Rs) / (2.09 * RL* Rt* CT) 

Rs =  (R17 | | R18) + P2 = 18.2 K;  RL (R16) = 820 K  CT (C8) = 10 nf;  

The Rs , RL and CL (C6) decide the ON time and  off Time of the pulse is decided by  
Rt (R19) and  CT. 

Toff = 1.1* Rt*  CT = 74.8  sec 

The Voltage Comparator compares a positive input voltage, V1 to voltage Vx. If V1 is 
greater, the comparator will trigger the one shot timer the output of timer will turn on 

both the frequency output transistor and switched current source for a period 74.8  
sec. 

During this period, the current ‘i’ will flow out of switched current source and provide 
a fixed amount of charge, Q a fixed amount of charge, Q = i * t, into the capacitor CL. 

This will normally charge Vx up to a higher level than V1. At the end of timing period, 
the current ‘i’ will turn off, and timer will reset itself. 

Now there is no current and capacitor CL will be gradually discharged by RL until Vx 
fails to the level of V1. Then the comparator will trigger the timer and start another 
cycle. 



  

The output of signal condition card is fed to a high frequency transmitter. The 
specifications of transmitter are given below; 

Parameter Specification 

Frequency range      400 MHz  – 406 MHz 

Frequency Step 1 MHz 

Carrier  frequency settings By DIP switch settable  

Output Power +20 dBm at antenna input 

Antenna Gain           0 dBi 

Supply Voltage +5V  

Current                              

  

<  170mA 

Operating Temperature      - 40oC to  +60o C (with enclosure) 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

CHAPTER-2 



  

  

Radiotheodolites / Sounding systems 

  

1.     SAMEER Radiotheodolite 

  

SAMEER Radiotheodolite is manufactured by M/s SAMEER (Society for Applied 

Microwave Electronics Engineering and Research) Mumbai. It is a semi automatic 

system which is used for tracking of radiosondes flowon with hydrogen filled balloons 

for getting upper air data profiles. The system description is given below; 

Antenna: The antenna system consist of 32 centre fed dipole antennae distributed 

in 4 bays. 

Phasing Switch:- It is signal combiner which electronically combines the 4 signals 

from each bay of antenna. It is situated at antenna itself. 

Front End Amplifier:- Pre-amplifier situated at the antenna to amplify the received 

signal.  

  

  

  

  

  

  

  

  

  

  



  

 

 

Receiver:- System is equipped with superhetrodyne type of receiver. The signal 

from front end amplifier comes to the receiver through along cable. AM part of the 

signal is used for tracking information of the radiotheodolite and FM signal, carrying 

Met information is demodulated and processed by receiver and fed to DAS. 

  

Data Acquisition System (DAS):- DAS is an interface between receiver and 

computer. 

  

Personal Computer:- Simple personal computer, analyses and process the raw 

data, and final out produced in WMO defined formats like TEMPCODE, T-phi gram 

etc.  

  

Track Unit:- Using AM signal from receiver, track unit produces pictorial information 

of antenna position with respect to the transmitter carrying balloon, in turn gives the 

position of radiosonde in the air every minute which lead to the calculation of the 

wind direction and speed. Track unit also controls the movement of antenna, which 

is through two motors situated at the antenna itself, one for azimuthal rotation and 

other for elevation rotation. It also provide switching pulses to phasing switch to 

combine the 4 signal from 4 sections of the antenna.    

  

Oscilloscope:- The pictorial output of track unit of antenna position in terms of 4 

rectangular bars (pips) is displayed on the oscilloscope. 

2.          MS-1500 Radiotheodolite:-  

The IMS – 1500 is a lightweight, portable radiotheodolite system designed for 
automatic, real – time tracking and data processing of radiosonde data from 
launch until termination of the flight as the radiosonde is carried into the upper 
atmosphere by an aerological sounding balloon. The antenna receives 
meteorological data transmitted over the 1680 MHz band from the radiosonde, at 
a rate determined by the particular radiosonde, and sends the received data  to 
the Signal Processing System (SPS) as a baseband signal. 



  

  

  

The SPS performs the required decoding of the received signal in order to recover 
the meteorological (and, depending on the radiosonde being used, the GPS data) 
measured by the sensors in the radiosonde. Note that radiosondes from different 
manufactures, including different models from the same manufacturer, may require a 
different SPS. The SPS uses this data to compute atmospheric pressure, 
temperature, humidity and wind at the radiosonde approximately once every second 
as it is carried up through the atmosphere. The SPS sends the computed results to 
the system computer, which produces standardized weather data products. The IMS 
– 1500 system is capable of operating with several  radiosondes and SPSs. 

The antenna is an integrated electromechanical system that uses microprocessors 
and software to the greatest extent possible to manage the system’s operations. It 
works on the principle of an automatic radiotheodolite. A parabolic dish reflector and 
the antenna are mounted on a movable frame to allow for both azimuth and 
elevation movements. By measuring and adjusting for azimuth and elevation errors 
between the line -  of - sight to the radiosonde and the antenna boresight, the 
antenna is able to track a moving radiosonde to a great distance. Servomotors under 
the control of the Motion Control Unit (MCU) control these movements.  All electronic 
and mechanical elements required for acquiring the transmitted signal and 
maintaining the orientation of the antenna are contained in the antenna assembly.  
Antenna functions can be controlled by the system computer or by the CDU included 
with the antenna. 

  

  

  

2.   RSGE Radiotheodolite:- 

  

Antenna: The system uses helical type of antenna with a wide bandwidth of 1200. 

  

Pre Amplifier:- Pre-amplifier situated at the antenna to amplify the received signal.  

  

  



Receiver:- System is equipped with superhetrodyne type of receiver. The signal 

from front end amplifier comes to the receiver through along cable. FM signal, 

carrying Met information is demodulated and processed by receiver and fed to DAS. 

  

Data Acquisition System (DAS):- DAS is an interface between receiver and 

computer. 

  

Personal Computer:- Simple personal computer, analyses and process the raw 

data, and final out produced in WMO defined formats like TEMPCODE, T-phi gram 

etc.  

The system has no tracking facility, instead uses optical thedolite for tracking of 

balloon and calaculation of wind data. 

Comparison of various radiotheodolites:- 

  

CHAPTER-3 

  

1.     GPS based Radiosounding system 

  

A. The GPS 

•The Global Positioning System (GPS) is a space-based global navigation satellite system 

(GNSS) that provides location and time information in all weather, anywhere on or near the 

Earth, where there is an unobstructed line of sight to four or more GPS satellites. 

• It is maintained by the United States government and is freely accessible by anyone with a 

GPS receiver with some technical limitations.  

•Originally intended for military applications but in the 1980s the government made the 

system available for civilian use. It consist of 24 satellites placed into the orbit. 



•Using messages received from a minimum of four visible satellites, a GPS receiver is able 

to determine the times sent and then the satellite positions corresponding to these times sent.  

•While in upper air wind observations the latitude and longitude values obtained at each 

second is used for computing the drift of balloon by converting geographic co-ordinates to 

units electronic map (UTM) co-ordinates viz. North and East components (Northings and 

Eastings).  

•Thus the wind components in zonal and meridional directions are then computed from these 

Northings and Eastings. The data is filtered to remove the noise before final winds are 

calculated. 

  

  

The GPS receiver compare the time a signal was transmitted by the GPS satellite with the 

time it was received. The time difference tells the GPS receiver how far away the satellite is. 

Now, with distance measurement from a few more satellites, the receiver can determine the 

user’s position by triangulation. Precise location of interest to geophysists required correction 

of position errors due to atmospheric delay.  

  

  

  

  

  

  

B.    Radiosounding system 

  

System Reception (SR2K2) 2002 is a ground instrument for reception of data from Sonde. It 

consists of following: 

  



  

•Decoder Board  

•400 MHz Receiver Board 

•GPS Board (14 channel) 

•Power Supply Board 12V 

•Barometer Board 

  

  

  

  

  

  

  

  

Antennae 

  

There are three antennas for signal reception. They are: 

  

GPS ANTENNA:  

TRIMBLE BULLET GPS antenna is providing GPS signals from GPS Satellite to the SR2K2 

which will be used as a reference GPS ground station for differential processing (DGPS). 

                                                                                                                  

400 MHz  ANTENNA(VERTICAL):  



  

Omnidirectionnal active antenna with built-in 

low noise preamplifier. Its small size makes 

installation easy either on horizontal or 

vertical support. This antenna is used to 

receive the signal from 0° - 45° and 135° - 

180°.  

  

 

  

  

TURNSTILE ANTENNA:  

It is a hemispherical antenna used to avoid silent zone, when the sonde attains elevation 

between 45° -135°.  The tracking of sonde which is being a major difficulty in the existing 

systems has thus been overcome.   The antenna is capable to receive signals from within the 

range of 500 kms.  All the antennas may be disconnected when not in use to prevent damage 

from lightening.  

  

  

2.     The system 

  

Radiosonde 

  

M2K2 GPSonde includes the following subsets: 

·         Temperature and humidity sensor boom 

·         3D GPS Module 

·         Transmitter  

·         Microprocessor board 

·         Battery pack 



GPS antenna for satellite reception and 400Mhz antenna for ground transmission.    

  

4.               Data Acquisition 

  

TEMPERATURE:  

  

          Temperature sensor consists in a thermistor chip wrapped into a glass ball. Its tiny size 

(0.9 x 2 mm) allows response time around 1 to 1.3 second. Temperature sensor is led on a 

layer processed against humidity and solar radiations.  

          Boom end is painted with a special white coating to reduce solar radiation effects. 

  

 HUMIDITY: 

  

      Humidity sensor consists in a capacitor of which value is directly proportional to relative 

humidity. It is composed of three components:   

a)       Basic layer as an electrode 

b)       A dielectric of which characteristics vary along with Relative Humidity. 

c)       A short response porous electrode as the second electrode of the capacitor. 

A cap is provided for protecting the sensor from rain and mechanical damage. 

  

  

PRESSURE: 

  

          Pressure is calculated from GPS altitude, temperature and humidity according to the 

barometric equation (Laplace Law). 



  

GPS WIND FINDING: 

  

3D GPS module provides the position of the sonde (latitude, longitude and altitude) as well as 

speed components (North-South, East-West and Z). These data are correlated to time. 

Position is calculated every second by triangulation method between 4 or more satellites. 

Velocity is not calculated from the difference between two positions but directly issued from 

Doppler.   Differential GPS is used to compare the data in order to clear satellite disturbances 

and eventual interferences and thus most accurate data are obtained. 

  

  

  

  

  

  

  

  

  

  

  

CHAPTER-4 

1. Doppler LIDAR System  

  

  

 LIDAR (Light Detection And Ranging, also LADAR) is an optical remote sensing 

technology that can measure the distance to, or other properties of a target by 



illuminating the target with light, often using pulses from a laser. LIDAR technology 

has application in geomatics, archaeology, geography, geology, geomorphology, 

seismology, forestry, remote sensing and atmospheric physics,
[1]

 as well as in airborne 

laser swath mapping (ALSM), laser altimetry and LIDAR contour mapping. 

 The acronym LADAR (Laser Detection and Ranging) is often used in military 

contexts. The term "laser radar" is sometimes used, even though LIDAR does not 

employ microwaves or radio waves and therefore is not radar in the strict sense of the 

word.  

The first LIDAR systems areused for studies of atmospheric composition, 

structure, clouds, and aerosols. Initially based on ruby lasers, LIDAR for 

meteorological applications was constructed shortly after the invention of the laser 

and represent one of the first applications of laser technology. 

Differential Absorption LIDAR (DIAL) is used for range-resolved measurements 

of a particular gas in the atmosphere, such as ozone, carbon dioxide, or water vapor.  

The LIDAR transmits two wavelengths: an "on-line" wavelength that is absorbed 

by the gas of interest and an off-line wavelength that is not absorbed. The differential 

absorption between the two wavelengths is a measure of the concentration of the 

gas as a function of range.  

DIAL LIDARs are essentially dual-wavelength backscatter LIDARS. 

Doppler LIDAR and Rayleigh Doppler LIDAR are used to measure temperature 

and/or wind speed along the beam by measuring the frequency of the backscattered 

light. 

The Doppler broadening of gases in motion allows the determination of 

properties via the resulting frequency shift. 

Scanning LIDARs, such as NASA's HARLIE LIDAR, have been used to 

measure atmospheric wind velocity in a large three dimensional cone. 

A doppler LIDAR system was used in the 2008 Summer Olympics to 

measure wind fields during the yacht competition. 

http://en.wikipedia.org/wiki/Doppler_broadening
http://en.wikipedia.org/wiki/2008_Summer_Olympics


 

 


