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Abstract A digital ionosonde was designed and built by Society for Applied Microwave Electronics
Engineering and Research (SAMEER), Mumbai in collaboration with Dibrugarh University to suit the
needs of equatorial‐ and low‐latitude regions of India. The design objectives were to obtain good signal‐to‐
noise ratio to mitigate the heavy noise due to interference, obtain short duration ionograms, estimate vertical
drifts, reconstruct vertical electron density proﬁle, and make antenna size smaller. Transmission of
maximum 1 kW power using modiﬁed delta antenna is used with dual channel magnetic loop receiver
antenna. Pulse compression by 8‐ and 16‐bit biphase codes are employed to increase noise immunity and the
height resolution. The preliminary results of the ionogram mode only are presented in this work. The basic
ionogram recorded by this system called SAMEER‐Dibrugarh University Ionospheric Radar is compared
with colocated Canadian Advanced Digital Ionosonde ionogram which is in operation in Dibrugarh since
2010. A reasonably clear trace of E and F layers is obtained even without coherent pulse integration and pulse
coding. The performance of the coding schemes is investigated with and without coherent integration. Some
sample ionospheric experiments conducted with SAMEER‐Dibrugarh University Ionospheric Radar, and
interesting results like the detection of travelling ionospheric disturbances, Es layer substructures,
ionospheric irregularities, and the generation of bottom‐side vertical electron density proﬁle are presented to
highlight the potential and capabilities of the system.
Plain Language Summary A new high‐frequency sweeping radar or digital ionosonde was
designed and developed by SAMEER, Mumbai in collaboration with Dibrugarh University. This type of
radar is used for monitoring ionospheric conditions for high‐frequency band and trans‐ionospheric
communications like Global Positioning System signals. Additionally, it has been one of the oldest but still
relevant tool for research in the ﬁeld of ionosphere.
1. Introduction
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The ionosonde is sweep high‐frequency (HF) band radar used for sounding of the ionosphere and is still the
basic tool for monitoring and research of the ionosphere. The low‐cost and low‐maintenance ionosonde provides the best temporal coverage and signiﬁcant amount of details about the ionospheric structure and
dynamics. In recent times, the digital ionosondes have replaced the old analog systems and in turn achieved
signiﬁcant performance improvement by using advanced digital electronics techniques and components.
Progress in semiconductor technology like higher density chips, high‐power solid state transmitter, and large
storage capacity have translated into lower cost and size of the modern ionosondes without compromising on
quality of received signal. The manifold increase in computing power of personal computers (PCs)has been
used to provide (MacDougall et al., 1995) enhanced features as well as data handling capability. New digital
ionosondes like Canadian Advanced Digital Ionosonde (CADI; Gao & MacDougall, 1992), Digisonde (Bibl &
Reinisch, 1978; Reinisch, 1986; Reinisch et al., 1992), VIPIR‐Dynasonde (Wright & Pitteway, 1979), AIS‐
INGV (Zuccheretti et al., 2003), IPS (KEL Aerospace Corporation), WIOBSS/WMI (Chen et al., 2009;
Huang et al., 2013), and CASI‐DIS (Shun et al., 2013) provide much more than the basic ionogram. Most
of these systems use low‐power transmitter but still achieve good signal‐to‐noise ratio (SNR) by utilizing
advanced signal processing techniques like pulse compression by pulse coding (Coll & Storey, 1964; Coll
et al., 1965), coherent integration, fast Fourier transform (FFT), and so forth. Therefore, the scope of application of the digital ionosonde has broadened, and in addition to HF propagation/communication applications,

1

Radio Science

10.1029/2019RS006813

Table 1
The System Speciﬁcations

study of plasma motion, waves, turbulence,
irregularities, and density structures are also
1
Frequency range
1–25 MHz
possible using modern digital ionosondes.
Whereas these applications are fascinating, a
2
Peak Transmission power
1 kW
good quality ionogram with strong trace/high
3
Duty cycle
20%
4
Frequency resolution
50 kHz
SNR still remains the core requirement for
5
Transmitted code
8‐/16‐bit biphase
studying dynamic ionospheric features. Most
6
Height resolution
4.5 km
existing ionosonde systems were developed in
7
Interpulse period
2.5/5/7.5/10 ms
mid‐ and high‐latitude regions and are suited
8
Maximum range
>1,000 km
to relevant ionospheric conditions (Grant
10
Receiver antenna
Magnetic loop turn style
11
Transmitter antenna
Dual loop delta antenna
et al., 1995; Parkinson et al., 1997). The
12
Transmitted polarization
Linearly polarized
equatorial‐ and low‐latitude regions present a
13
Signal processing
DDC,CIC ﬁlter decoding coherent integration, and FFT
peculiar challenge due to very dynamic equa14
Observables
Signal power/phase, Doppler shift, AOA, and polarization
torial atmospheric and ionospheric conditions
AOA, angle of arrival; CIC, cascaded integrator‐comb ﬁlter; DDC, digital down conversion; FFT, fast
manifested in equatorial ionization anomaly
Fourier transform.
(Appleton, 1946), equatorial spread F, equatorial electro‐jet, equatorial temperature and wind
anomaly (Raghavarao et al., 1991), midnight temperature maxima (Spencer et al., 1979), longitudinal wave
structure (Sagawa et al., 2005), F3 layer (Balan et al., 1997), QBO/MQBO (Reed et al., 1961; Sridharan et al.,
2007), and so forth. The storm time disturbed electric ﬁeld also affects the equatorial region signiﬁcantly in
the context of postsunset irregularity formation (Abdu et al., 2009; Kalita et al., 2016; Tulasi Ram et al., 2016)
leading to uncertainties in the trans‐ionospheric signal propagation during this period. The thickly populated regions give rise to heavy to very heavy noise and interference effects in HF band. The dusk to dawn
time ionograms in these regions are relatively weak due to high voltage standing wave ratio (VSWR) of
the transmit antenna in the low‐frequency end. The tropical weather causes frequent maintenance issue particularly in the outdoor antenna systems due to lightning, thunderstorm activity, and heavy rain. The ionosonde also requires large space for installation of the antenna system and thereby, makes it inconvenient to
operate from an urban landscape. In recent times, ease of operation of scientiﬁc instruments is also an essential requirement as most systems are operated by nontechnical person of science background.
Therefore, an attempt was made to address some scientiﬁc and practical issues by building a new ionosonde.
A digital ionosonde using the latest electronic techniques but customizable to the peculiarities of user's site
was envisioned by Society for Applied Microwave Electronics Engineering and Research (SAMEER),
Mumbai and was built in collaboration with Dibrugarh University. The main objectives were to build reliable, robust, low noise/latency, and cost effective system with performance comparable to or better than
the existing systems. The design objectives were speciﬁcally to obtain good SNR to mitigate the interference
and environmental noise, to record ionograms in reasonably short time to study the ionospheric dynamics, to
limit the antenna size without compromising on low‐frequency performance, to estimate the ionospheric
vertical/zonal drifts, and to provide user‐friendly graphical user interface. In this paper, we describe the ionosonde system, discuss the design and technology used, present some preliminary results of running
SAMEER‐Dibrugarh University Ionospheric Radar (SDIRADAR) at Dibrugarh (27.5°N, 94.8°E, 43° dip) in
the ionogram mode and validate the system by comparing with a colocated CADI system. The drift measurement algorithm of the system is under development and test.

2. System Description
Table 1 shows the technical speciﬁcation of the system. The transmitted power of about 1 kW is higher than
that of most of the modern low‐power ionosondes (CADI, Digisonde). This is in line with the strategy to
obtain good quality ionograms in very short duration (without much sample integration), counter the interference and other spurious noise in the ionograms, and to improve the low‐frequency response of the system
limited by the higher VSWR. The phase coding improves the SNR by a factor of 10 log (number of bits) and
height resolution to 4.5 km (16‐bit coding). The selectable interpulse period (IPP; 2.5/5/7.5/10 ms) allows
user the ﬂexibility to receive echo from different selected altitudes. For example, IPP of 2.5 ms limit the
received echo to maximum altitude of about 300 km whereas the 10‐ms IPP allows echo from 80 km to about
1,000 km. Signal processing is done in digital domain using digital down conversion, the cascaded integrator‐
KALITA ET AL.
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Figure 1. The ionosonde system functional block diagram showing the logical parts.

comb ﬁlter, and FFT. The basic output of the system is signal power, phase, and Doppler. In addition, the
Doppler shift of the echo provides a mean of studying ionospheric plasma movement and turbulent
structures using spaced receivers in drift mode. The phase shift between spaced receiver antennas can be
related to the direction of the received echo or the angle of arrival with respect to the known direction of
the receiver antenna array. The transmitted pulse (linearly polarized) gets split into the ordinary and
extraordinary polarized signal due to the geomagnetic ﬁeld and can be separated on reception using the
orthogonal magnetic loop structure. The ordinary wave trace in the ionogram is generally used for scaling
and estimating the ionospheric parameters. Block diagram of the system is shown in Figure 1 and consists
of sections (1), transmitter antenna (delta) and four receiver antenna (crossed magnetic loop); (2), high‐
power ampliﬁer (HPA); (3), frequency synthesizer and code generators; (4), frontend (receiver),
comprising blanking and single‐pole double‐throw (SPDT) switch and low‐noise block, ﬁlter box with
ﬁlter banks, Video Graphics Array, and so forth; (5), digital signal processing block; (6), power supply and
signal splitter; and (7), control PC with graphical user interface.

2.1. The Transmitter Antenna
A double loop delta is designed for transmission antenna, which is attached to a mast of 21 m, and the base is
kept 2 m above ground. Figure 2 shows the design speciﬁcation of the antenna. The total antenna length is
185 m out of which the ﬂare is 38 m which helps to erect the antenna in an area of about 40/40 m. The
antenna is terminated with balanced load of 450 Ω/100 W resistor at apex of tower. Spacers are used to keep
constant distance between two loops. Spacers of 1.5 m are used on slider wires of delta antenna at height of
17 m from antenna baseline. The loop‐spacer design helps improve the bandwidth with smaller physical
dimensions. Figure 3 top and bottom panel shows the simulated/measured VSWR and simulated beam‐
width of the antenna, respectively. The VSWR at the low‐frequency end is well below two and allows reasonably high power transmission. As compared to the CADI system which also uses a similar inverted delta
antenna (60‐m ﬂare) for transmission, the double loop with spacer has smaller size, but its low‐frequency

KALITA ET AL.
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performance is unaffected. This provides an advantage for installation in
urban areas where space constraints limit the installation and operation
of large antenna systems.
2.2. Receiver Antenna

Figure 2. The transmit antenna design.

The receiving section includes four magnetic loop turnstile antennas
although only one antenna is required for the ionogram mode. These
antennas have two magnetic loops placed in the direction perpendicular
to each other. The receiver loop antennas are sensitive to the horizontal
magnetic ﬁeld component of the received signal and can be phased to
favor either the right hand circular or left hand circular polarization.
The two loop antennas are oriented at a 90° angle to each other with
one loop aligned along the magnetically north‐south direction. Two
separate channels are used to sample the two orthogonal antennas independently. The detected incident waves in the two loops are then separated by exactly a quarter of an radio‐frequency cycle although

Figure 3. The simulated (top left) and measured voltage standing wave ratio (top right) and the beam width of the transmit antenna.
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Figure 4. The receiver functional block diagram.

amplitudes may be different in the low‐ and mid‐latitude regions as the state of polarization also depends on
the dip angle (Harris & Pederick, 2017). Therefore, if the phase of the signal on one antenna is shifted by 90°,
the sum of the two signals has either double the amplitude or zero amplitude depending on the sense of the
circular polarization. This is a linear process and therefore signals of different polarizations could be received
independently. In the drift estimation mode, the four receiver antennas are arranged in equilateral triangle
geometry where three of them are installed at the corners of equilateral triangle with the fourth one at the
center. The sides of the triangle are 60 m each with separation of 34.64 m between each receiver pair. This
basically forms the interferometer for drift measurements which is the most commonly used conﬁguration
for drift estimation in digital ionosonde systems following the design of Wright and Pitteway (1979). The
ionogram only system with a single receiver antenna can be conﬁgured in very small area.
2.3. HPA Unit
HPA is acquired commercially. Pulse Power Ampliﬁer, Model: RA‐SM‐HFPA‐102WP, was selected, which
can operate over 1 to 25 MHz and has the capability to deliver maximum of 1,000 W Pulse power into
50 Ω load. The output power can be varied from a minimum of 500 W, so that user can select the power level
depending on site noise survey. The unit operates on 230 V, 50 Hz, single phase alternating current mains
supply. Radio‐frequency section and power supply section are separated by a partition plate. Two HPAs
are used to amplify the biphase coded pulses. These two signals are fed to the two loops of the “delta antennas.” These transmit the linearly polarized coded pulse.
2.4. Frequency Synthesizer and Code Generators
The biphase coded pulse with a carrier signal of 1 to 25 MHz is directly generated in the direct digital synthesis card AD9854. Binary, biphase, or bipolar phase shift keying is a means to rapidly select between two preprogrammed 14‐bit output phase offsets that equally affect both I and Q outputs of the AD9854. The pulse
compression technique using phase codes increases the SNR and range resolution for the low‐power transmission (Coll & Storey, 1964; Reinisch, 1986; Yao et al., 2010) as a long duration coded pulse contain the
same energy content as a high power short duration pulse, and the received pulse can be compressed.
Therefore, coherent integration and pulse compression are means of improving the SNR (Bianchi et al.,
2003; Bibl, 1998; Reinisch, 1986; Morris et al., 2004). The 1 V peak‐to‐peak coded signal is provided as input
to the HPA unit for ampliﬁcation and feeding to the transmit antenna.
KALITA ET AL.
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Figure 5. Block diagram of single channel ﬁlter ampliﬁer.

2.5. Receiver Front End Unit
This block ampliﬁes the weak return signal. Each receiver channel contains 1 blanking switch, SPDT switch
and low‐noise block as shown by Figure 4 in the functional block diagram. The HF receiver front end box
also contains two 1:2 digital signal splitters for splitting blanking control signals and SPDT control signals.
2.6. Filter Ampliﬁer Unit
Each ﬁlter–ampliﬁer unit has two channels, one each for each polarization state. The single ﬁlter–ampliﬁer
chain (Figure 5) contains one transient absorber (transorb), ﬁxed gain ampliﬁer, low‐pass ﬁlter, 1:8 demultiplexer (demux), analog ﬁlter bank of band pass ﬁlters and 8:1 multiplexer (mux), and the power supply to
drive the circuits. The mux and demux controls and Video Graphics Array gain selection transistor‐transistor
logic signals are generated by digital signal processing system.
2.7. Signal Processing System for Ionosonde
This block performs the critical task of processing the return signal through (1) digitization, (2) down conversion, and (3) coherent integration. Four receiver boards are used for the four receivers. Each board consists of
Spartan‐3 ﬁeld programmable gate array (FPGA), two analog to digital converters, and
parallel interconnects.
Figure 6 gives the block diagram for the ionosonde signal processing system. Ionosonde signal processing
system consist of four dual channel FPGAs based data acquisition (DAQ) cards which digitize the received
signal from orthogonal loop antenna per card, down converts the received signal via digital down conversion,
and coherently adds the received signal to improve the SNR. The coherently added signals from each DAQ
cards are sent to the motherboard consisting of the FPGA. The motherboard assimilates the coherently
added data from each DAQ card, packs the data, and sends it to PC for further processing.
The timing signal required to synchronize the ionosonde system is generated by motherboard FPGA. A direct
digital synthesis card is used for the generation of the biphase coded transmit signal. The PC control and data
processing software performs the 8/16 decoding, FFT (8/16/32/64/128), windowing (hamming window),
noise level estimation, and peak ﬁnding. The user can control the parameters by selecting from the graphical
user interface provided for conﬁguring and running the system.
2.8. The Control Computer
The ionosonde operation is controlled fully from a PC. In addition to debugging and testing help, a graphical
user interface is provided for the nontechnical user to conﬁgure the system, set up different experiments, run
the ionosonde, and monitor the recorded ionogram in real time. For running the system with different operational parameters like frequency range, IPP, frequency step, number of sample integration, coding schemes,
noise margin, FFT points, and so forth, user has to only select from predeﬁned drop‐down boxes as shown in
Figure 7. The same PC software can operate in both test and scheduler modes in which user can set up one
experiment or schedule a program sequence with different experiments for unattended operation. The scheduler provides submodules for conﬁguring different experiments for different hours like higher sample integration and FFT for dawn/dusk mode ionograms which can be bundled into different programs. The system
KALITA ET AL.
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Figure 6. The block diagram of the signal processing system.

Figure 7. The graphical user interface for ionosonde control and operation.

KALITA ET AL.
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Figure 8. The comparison of Society for Applied Microwave Electronics Engineering and Research‐Dibrugarh University
Ionospheric Radar ionograms with Canadian Advanced Digital Ionosonde ionograms during early morning (top) and
afternoon (bottom). Universal Time is indicated.

can seamlessly operate between different experiments/programs like 2.5‐ms IPP at night to 10‐ms IPP at day
without user intervention.
A graphical data analysis software based on MatLab platform is developed for post processing of the ionogram data. The software displays the ionogram with auto‐scaled parameters but also provides options for
manually scaling the ionogram using cursors. Options for real height analysis using polynomial analysis
(POLAN), range‐time‐intensity plots, and summary plots are provided. The auto‐scaled module can be operated in scheduler mode allowing scaling of 1 day or 1 month data in a single operation. User can also investigate different aspects of the scaled parameters in the same software.

3. Preliminary Results
3.1. Comparison with CADI Ionogram
The SDIRADAR was fully functional from July 2017. The results of SDIRADAR ﬁeld trials were validated by
the ionograms recorded by the colocated CADI. The CADI can run with 20/40 pulses per second whereas the
SDIRADAR works can work with 2.5‐/5‐/7.5‐/10‐ms IPP. The CADI uses 8‐bit complementary code or 13‐bit
Barker code for pulse compression whereas the SDIRADAR can use 8‐/16‐bit biphase codes. The SDIRADAR
can also run with uncoded pulses. In our experiment, the CADI and the SDIRADAR were conﬁgured with 8‐
bit coded transmission (complementary/biphase), the same number of coherent integration (4) and FFT (16).
The two systems were run in an interval of 5 min to keep the changes in the sounded ionosphere to a minimum. The comparison of the CADI and SDIRADAR recorded ionograms during morning and afternoon is
shown in Figure 8. Heavy interference lines can be observed in the CADI ionogram in contrast to weaker
interference in the SDIRADAR ionogram. The SDIRADAR ionogram also shows an F1 layer that is not captured in CADI. Therefore, the quality ionogram in the dawn period is improved with SDIRADAR. The CADI
system at Dibrugarh is about 8 years old and consequently results in relatively the weak trace. The CADI
ionogram can be improved with 13‐bit Barker code in place of 8‐bit complementary codes. The comparison
of CADI ionogram using 13‐bit Barker code with 16‐bit complementary coded SDIRADAR ionogram is
shown in bottom panel of Figure 8. One of the primary objectives of using 1 kW power was to obtain clear
KALITA ET AL.
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Figure 9. Night time ionograms recorded by Society for Applied Microwave Electronics Engineering and Research‐
Dibrugarh University Ionospheric Radar.

and strong night time trace. Therefore, sample nighttime ionograms of SDIRADAR is also shown in Figure 9.
The F trace is quite strong, but heavy noise is also present.
3.2. The Performance of the Pulse‐Coding Method
Experiments were carried out to study the efﬁcacy of the two coding schemes used in SDIRADAR. The ionosonde was operated in uncoded, 8‐ and 16‐bit coded transmission mode sequentially while keeping other
parameters like FFT and coherent integration the same, and, the results are shown in Figure 10. Deﬁnite
improvements in noise immunity and height resolution can be noted with 16‐bit coded transmission
although the coded trace appears weaker due to higher height resolution. The improvement in the signal
power is not very clear as the color scale is in dB.
3.3. Ionospheric Experiments
The SDIRADAR is being operated at Dibrugarh from July 2017, and some interesting experiments were conducted to highlight its potential for scientiﬁc research. Initially, the system was operated without pulse coding and pulse integration. The SDIRADAR when operated in such conﬁguration with 5‐ms IPP (~600 km
range), can record ionograms every 2 min as shown in Figure 11. In spite of higher noise and lower range
resolution, these ionograms capture the E and F trace clearly. This type of rapid run of ionosondes can be
used to capture the time evolution of dynamic events like plasma irregularities, disturbance electric ﬁelds,
travelling ionospheric disturbances (TIDs), and so forth. By increasing the pulse integration (4) and FFT
(16) for uncoded transmission, noise can be reduced, and clear E, F1, and F2 trace as shown in Figure 12
can be recorded. These ionograms were taken every 5 min and such run of SDIRADAR during 27
December 2017 captured an interesting TID event as shown in Figure 13. The 11:53 LT ionogram recorded
the development of an additional stratiﬁcation at 150 km, just below the F1 trace. The next ionogram at 11:59
LT captures the weakening of the 150 km trace and the development of stratiﬁcation above the F2 layer at
around 450 km. In the next ionogram at 12:04 LT, the topmost trace moves even further up and then disappears at 12:10. The sequence of short duration ionograms and the height of the top stratiﬁcation suggests that
there were passing TID (Bowman, 1990). The mechanism of density modulation by atmospheric gravity
waves (MacDougall et al., 2009) may have manifested as additional stratiﬁcation ﬁrst at the bottom side of
the F layer and subsequently at the top side. These short period oscillations in plasma density may not be
visible if heavy integration is used.
3.3.1. E Layer Structure and Ionospheric Irregularities Recorded by SDIRADAR
The SDIRADAR also provide a 2.5‐ms IPP mode which allow very rapid sounding up to a maximum altitude
of about 300 km, and this mode is suitable for studying the E region, 150‐km intermediate layer structures,
KALITA ET AL.
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Figure 10. Sample SDIRADAR ionograms for (top) uncoded (mid) 8‐bit coded and (bot) 16‐bit coded transmission. The
improvement in height resolution and noise can be clearly observed.

and the F layer bottom side. The sample ionogram showing the SDIRADAR recorded altitudinal
substructures within an Es layer is shown in Figure 14. Three sublayers at altitudes of 112, 130, and
143 km can be noted. This feature allows setting up of interesting experiments pertaining to the E layer
and E–F valley regions which in recent times have attracted the attention of the scientiﬁc community due

Figure 11. The 2‐min ionogram without sample integration and pulse coding.

KALITA ET AL.
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Figure 12. The E, F1, and F2 layers echo over Dibrugarh recorded by SDIRADAR with four pulse integration

to its role in transmitting the lower atmospheric variability to the F2 layer and beyond. The atmosphere‐
ionosphere coupling processes which manifest as intermediate layers or descending tidal ion layers
(Mathews, 1998) can be studied if the ionosonde can capture precise heights of structures in this region.
This mode may also be used effectively at nighttime to sound the F layer bottom side at ﬁxed frequency to
obtain nighttime drift and wind estimates (Krishna Murthy et al., 1990; Maruyama et al., 2007) with high
temporal resolution. Dibrugarh is a low midlatitude station, and the spread F or the F region irregularities
peak in local summer. Some samples of midlatitude type post midnight spread F recorded by SDIRADAR
are shown in Figure 15.
3.3.2. Investigation of Altitudinal Electron Density Proﬁle: Real Height Proﬁle by POLAN
The ionogram shows the variation of critical frequency of the ionospheric layers with virtual height h′ which
is always higher than the actual height of the corresponding layer due to group retardation by the underlying

Figure 13. The Society for Applied Microwave Electronics Engineering and Research‐Dibrugarh University Ionospheric
Radar 5‐min ionograms showing the passage of gravity wave induced TID.

KALITA ET AL.
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Figure 14. The altitudinal structure of Es recorded with 3.5‐ms IPP mode in SDIRADAR.

electron density. The real height of the ionospheric electron density is related to the virtual height by the
following relation:
h

h′ðf Þ ¼ ∫0 nðN; f ; BÞdh

(1)

Where n is refractive index, N is electron density, f is frequency, and B is magnetic ﬁeld strength at real height
h. To calculate the real height h, this equation needs to be inverted to ﬁt the virtual height data h′ (f) and the
electron density N(h) obtained from the ionogram as N is related to critical frequency f (MHz) by

Figure 15. The development and evolution of spread F.
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12

Radio Science

10.1029/2019RS006813

Figure 16. The generation of the real height electron density proﬁle (black dots) from ionogram.

N = 1.24 × f2 × 1010/mm3. The most commonly used technique for calculating the real height distribution of
the ionosphere is called POLAN, developed by Titheridge (1985). POLAN is a generalized program which
represents the real height density proﬁle as a polynomial and allows reproduction of many methods like linear lamination, parabolic lamination, and single and higher order polynomials. It is a ﬂexible program with
adjustable resolution and can ﬁt physically desirable conditions into the observed data in a weighted least‐
squares solution. Extraordinary ray data, if available, can be combined with the ordinary data in optimized
procedures to resolve the starting and valley. In our case, it is used as a black box solution with the ionogram
(virtual height density) data recorded by SDIRADAR in addition to magnetic dip angle and gyro frequency as
inputs. The real height proﬁle obtained is shown in Figure 16 superimposed on the input ionogram.

4. Conclusions
A modern digital ionosonde using advanced pulse compression and sample integration techniques is developed. The design details of the system and some preliminary results of ionospheric experiments are presented in this report. A moderate power system with 1 kW transmitted power is designed to provide
strong and clear echo particularly during the night time when higher VSWR in the low‐frequency range of
the transmit antenna results in poor quality ionograms. Filter banks are utilized to reduce interference
bands. 1 kW transmitted power helps is recording rapid ionograms as heavy integration is not required.
Transmit antenna size is reduced using modiﬁcations to the simple delta antenna. Graphical user interface
is provided for non‐technical users and overall ease of operation. User conﬁgurable parameters allow users
the ﬂexibility to set up diverse set of experiments without any hardware change. Data analysis software with
auto‐scaling and real height analysis is provided. A comparison of the ionograms recorded by the new system
with a co‐located CADI is done and improvement in ionogram signal quality as well as reduction in interference bands is shown. Application of the system to capture important ionospheric events like TID passage, Es
altitudinal structure, real height proﬁle generation and ESF development are demonstrated.
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