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Introduction
• The Jicamarca Radio Observatory is a 

research facility of the Geophysical 
Institute of Peru dedicated to the study 
of the equatorial ionosphere and upper 
atmosphere.


• It is located near the city of Lima, Peru.

• Its main instrument is one of the largest 

Incoherent Scatter radars in the World.

• Antenna 300x300 m2.

• Power: 4 TXs (1 Megawatt each)

• In this presentation…


• Jicamarca radar status

• News about AMISR14 and SIMONe

• Radar upgrade progress JRO is supported by the National Science Foundation 

through an agreement with Cornell University.



Jicamarca radar and associated 
instruments status



Jicamarca Radar Operations

• High-power radar operations restarted in Sep 2020.


• Sep-Nov 2020 were mainly dedicated to maintenance.


• JRO closed again in Feb 2021 due to COVID situation 
in Peru. We returned in March 2021.


• Despite difficulties, we have operated more than 
4000h in JULIA mode and about 1000h in ISR modes.

Data available in Madrigal

http://jro.igp.gob.pe/madrigal/



New web-based applications
• Madrigal database updated to v3


• http://jro.igp.gob.pe/madrigal

• New plotting interface included.

• New web module to upload data.


• Real-time web application

• https://jro-realtime.igp.gob.pe

• Monitors current operation JRO radar.

• Interactive graphics (based on javascript).


• New JRO data repository

• http://jro-realtime.igp.gob.pe:5000

• Prototype based on CKAN framework (open source).

• Includes multiple data levels (raw and process data).

• User friendly interface, API user client, data previews.

http://jro.igp.gob.pe/madrigal
https://jro-realtime.igp.gob.pe
http://jro-realtime.igp.gob.pe:5000


Radar acquisition system improvements
• JARS 1.2


• Support Digital RF HDF5 data format (developed by Haystack).

• Digital filters redesigned to minimize interferences.


• JARS 2.0 is running.

• Linux OS-based & FPGA-based acquisition radar acquisition system.

• Firmware running at 180 MHz.

• Ethernet interface @ 1Gbps (get rid off NIDAQ board).

• 8 channels - transfer rate per channel 1.5 MHz.



AMISR14 is back to life
• AEUs modules were upgraded and repaired (SRI support).

• Two panels still have some power-supply issues.

• AMISR14 is operational - 80% of nominal power (224kW)

• Operations in parallel with JULIA restarted in June.

In collaboration with UT Dallas (USA), UAGM (Puerto Rico).



SIMONe at Jicamarca and Piura
• SIMONe at Jicamarca


• Continuous operation since Sep 2019.

• 1 TX station at JRO, 4 RX stations (Ancón, Azpitia, 

Huancayo, Sta. Rosa)

• Study of MLT wind climatology is in progress (see 

poster by J. Suclupe).
Mean MLT winds, 24-hour and 12-hour tides above central coast of Peru.

• SIMONe at Piura


• Radar equipment arrived to 
Peru in late April.


• 1 TX station and 1 RX station 
were deployed in early June


• Installation of additional RX 
stations is in progress.

In collaboration with IAP (Germany), UdeP (Peru)



LISN network status
• Ionosondes


• Continuous operation of VIPIR ionosonde at JRO.

• VIPIRs at P. Maldonado, Tucuman, and Tupiza need maintenance.


• GNSS receivers

• Continuous operation at Cuzco, Huancayo, Piura, and Pucallpa.

• A new station in San Bartolomé, Lima was deployed recently.


• Magnetometers

• Arequipa, Huancayo, Jicamarca, Nazca, Piura, Leoncito, Cuiabá.

• Magnetometer database is being processed to remove outliers.

• 3 fluxgate magnetometers were built for Brazil and Mexico.


• TEC, S4, magnetograms, ionograms and other products are available.

http://lisn.igp.gob.pe    (New web version soon)

In collaboration with UT Dallas (USA) and other institutions in SA.

http://lisn.igp.gob.pe


JRO upgrade progress



Jicamarca Radar upgrades
The following upgrades are being implemented.

• Electronic antenna beam switching system for all antenna quarters.

• Replacement of the old 100kW “drivers” with solid-state technology.

• Replacement of the antenna ground plane. Goal:	A	new	JULIA	mode	to	

measure	F-region	drifts	and	
densities	in	a	routine	basis.
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Automatic Beam Switching

• 64 new control modules (16 for each 
antenna quarter) were built.


• Network elements (fiber optics switches 
and housing) have been replaced.


• Two antenna quarters (North and South) 
fully operational.


• The implementation of the remaining 
quarters (West and East) is underway.


• Limited access to the observatory has 
delayed the implementation.


• Expectation: System fully operational by 
the end of 2021. 

New version of RF and 
control modules



New solid-state “drivers” have arrived

• Two 96-kW solid-state TXs 
arrived last week.


• Implementation of a new TX 
room is going to start in the next 
weeks.


• TXs should start operations in 
Sep-Oct 2021.

Specifications:

Power:	96	kW


Frequency:	49.92	MHz

Duty	cycle:	10%


Max	pulse	width:	2	msec



Conclusions

• The Jicamarca radar restarted operations in high power mode in September 
2020 and is currently fully operational.


• Some new web-based applications are available for the radar users.

• AMISR14 is back to life and is going to operate in parallel with JULIA.

• SIMONe Piura is being implemented.

• LISN network is operational. Trips for maintenance should be scheduled in 

the next months.

• Radar upgrades are under implementation.


• ABS modules should be deployed by the end of the year.

• Solid-state TXs have arrived and should start operations in Sep-Oct 2021.



Posters this week
• J. Aricohé et al., Neural networks for ionogram forecasting.

• D. Yupanqui et al., Comparison of Radar imaging algorithms.

• R. Rojas & O. Véliz, Development of JROMAG-M103 Magnetometer for 

geomagnetism studies in Peru.

• J. Verástegui et al., JRO digital receiver modernization using ADCs with high.speed 

JESD204B data interface and FPGAs.

• J. Suclupe et al., Diurnal and semidiurnal tides in the mesosphere and Lower 

Thermosphere over the central coast of Peru.

• J. Barbarán et al., Reprocessing of data from Fabry-Perot interferometers (FPI) 

belonging to the IGP network of optical instruments.

• L. Gonzales et al., Upgrade of Automatic Beam Switching (ABS) at Jicamarca 

Radio Observatory.

• R. Flores et al., Spectral analysis in Faraday / Double pulse experiment at 

Jicamarca Radio Observatory.

• G. Fajardo & E. Pacheco. Exploration of machine learning tools developed for the 

study of space weather and its impact on position approximation in GNSS systems.

• and more…

R. Flores ¹, M. Milla ¹, K. Kuyeng ¹
¹ Radio Observatorio de Jicamarca

2021 CEDAR Virtual Meeting, June 20-25 email: rflores@igp.gob.pe

Spectra Analysis in Faraday/Double Pulse Experiment at Jicamarca Radio Observatory (JRO)

Abstract
At the Geophysical Institute of Peru, specifically on its Jicamarca Radio Observatory (JRO) facility, there are different operation modes to obtain the main parameters of the equatorial ionosphere. One of
these modes is the Faraday/Double Pulse which estimates plasma densities and electron/ion temperatures at the F region by pointing the antenna beam off perpendicular to the magnetic field. The data
processing for this mode is currently done by using voltage analysis, but in order to obtain better results, spectra analysis has been implemented by using the radar data processing library developed at JRO
called Signal Chain. This tool can analyze samples with the same lag and it is also possible to remove the DC clutter from them. Another advantage is that before making the incoherent integration over the
spectra, these data can be stored and the outliers from samples with the same frequency can be removed. Comparisons between the different processing programs are shown on this work.

1. Old methodology

Figure 1. Electron density RTI using cross products (voltages) in the processing.

Faraday/Double Pulse raw data (voltages) are usually processed by
calculating the power and the products between the two channels (cross
products). Cross products are then used to estimate ACFs, the Faraday angle
and finally the plasma density and temperatures. However, sometimes, data is
contaminated due to coherent echoes or other causes. Figure 1 shows this
contamination in the electron density RTI.

2. New methodology

Signal Chain (SCh) is the radar data
processing library developed at JRO based
on python. One of its main goals is to
integrate all processing routines ran at JRO
into this tool. This fact allows users to use
routines developed for a certain experiment
in another experiment.

In order to remove the outliers from the data,
a routine based on the Hildebrand-Sekhon
(HS) algorithm is used. Instead of adding the
data in the incoherent integration, this routine
stores the data and analyzes each set of data
at a certain channel, height and frequency.
Then, it uses the HS algorithm starting from
the 75% percent of the set because it is
expected that most of the data are not
outliers. After this, if an outlier exists, it is
removed and only cleaned data is used to
estimate the physical parameters. From these
data, DC clutter is removed for both channels.

Figure 2. Program flowchart using SCh library.

3. Results

Figure 3. Contaminated self spectra at
channels 0 and 1.

Figure 5. DC clutter removed from cleaned
self spectra.

Figure 4. Cleaned self spectra using
Hildebrand-Sekhon algorithm.

Figure 8. Electron density RTI using spectra analysis.

Figure 6. Electron density
profile using voltage analysis.
It can be seen that there is an
outlier at ≈ 400 km.

4. Conclusions

5. References

● Spectra analysis is useful to remove outliers and DC clutter.
● Hildebrand-Sekhon algorithm can be used to analyze outliers in samples taken from a small time range.

[1] J. E. Pingree, “Incoherent scatter measurements and inferred energy fluxes in the equatorial f-region
ionosphere,” 1 1990.
[2] P. H. Hildebrand and R. Sekhon, “Objective determination of the noise level in doppler spectra,” Journal
of Applied Meteorology, vol. 13, no. 7, pp. 808–811, 1974.

Figure 7. Electron density
profile using spectra analysis.
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J. Aricoché1,2, E. Rojas3, M. Milla1 
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    Abstract

The ionosphere state parameters are of fundamental importance not only for radio communication but also for space weather. As most of the space phenomena, the dynamics are governed by nonlinear processes that make 
forecasts a challenging endeavor. We now have available enormous datasets and ubiquitous experimental sources that can help us finding the intricate regularities in these phenomena. 
In this work, we will focus on the forecasting of some parameters of the steady-state low latitude ionosphere. We used ionograms from Jicamarca Radio Observatory digisonde to train two neural networks. We produced 
forecasts of ionospheric parameters such as virtual heights and foF2 taking into consideration ionogram characteristics. These estimations were compared to the corresponding values obtained from the digisonde, the 
persistence model, and foF2 values obtained from the International reference ionosphere.

    1.Scientific problem and background

    2. Datasets

    4. Samples predictions and comparisons

    5. Conclusions

    7. Acknowledgments

● Neural networks model can capture, geophysical 
parameters and virtual heights variations to show 
foF2 results slightly better than IRI estimations.

● Ionogram estimations that adjust to the ionogram's 
common shape were predicted for eight months.

● By using not only frequencies that are foF2 but also 
frequencies that are not and virtual heights to 
estimate foF2, we can observe that this approach 
looks like a promising application for small datasets 
made with a neural network that is not based on 
memory, which implies it is a less complex approach. 
However, more training with more data must be 
made to make affirmations.

● Initially, this work was developed as part of our main research 
project which aims to estimate electron densities while 
forecasting ionograms. Ionograms are states of representation 
of the ionosphere at a given time and whose defined traces can 
be identified through the use of neural networks[1]. However, we 
noticed that we were applying a novel method to predict 
ionograms and foF2, which results will be shown in this poster.

● There were several approaches to estimate foF2  by using foF2 
time series data, geophysical data, and neural networks as 
presented in [2]. However these methods did not  use 
ionograms to make foF2 predictions.

● In this work, not only foF2, geophysical parameters and time are 
used to find this important value for ionogram predictions. But 
also, frequencies that are not foF2 and their virtual heights are 
used to let a multi-layer perceptron neural network classify and 
help us to find foF2.

Figure 1. Project block diagram.

Figure 2. Bar 
chart to show the 
quantity of 20 
years of 
Jicamarca 
digisonde data 
labeled with 
different c-levels 
categories

    8. References

● Digisonde ionograms used to train the model were filtered by 
the c-level flag provided by ARTIST flags-. c-level flag  
indicates and qualifies some of the ARTIST scaled results[3]. 11 
indicates high quality and 55 low quality. Ionograms labeled 
with 11 were taken.

● 3 years and five months (2012 - May 2015) from 10 am to 5:00 
pm LT hours were considered to train the model.

Thanks to Jicamarca Radio Observatory  and Instituto Geofísico del Perú staff.

    3. Model architecture

Modeling ionograms with deep neural networks: Applications to foF2 forecasting

Figure 3. 
Complete 
dataset to train 
the 2 neural 
networks. Day of 
year values  were 
converted into 2 
quadrature 
components to 
avoid 
discontinuities as 
proposed in [4].

Figure 4. Input 
parameters 

time series for 
some dates. 
Geophysical 
parameters 

were obtained 
from 

Omniweb.

Figure 6. Graph of regression NN  architecture to predict and capture ionograms shape. Relu activations functions were 
used.

Figure 7. Graph of binary classification NN architecture to find which frequencies of the given are not foF2 and are 
before foF2. Thereby we  used this information to identify which are foF2. Relu and sigmoid activation functions were 

used.

Figure 8. The diagram describes how the 
two-deep neural network models work to predict 
foF2 and ionograms after been trained.

Figure 9 and 10. Ionogram prediction, its prediction 
interval, digisonde ionogram,  and persistence 

models.

Traces for lower and highest frequencies were 
extrapolated by the neural network. However, 
extrapolated virtual heights for the highest 
frequencies were reduced by the binary 
classification neural network that helps us to 
identify which frequencies are Fof2. To make 
tests we did not consider days of storms(21-23 
June of 2015)

Figure 11. foF2 
predictions of 
the NN, foF2 IRI 

estimations  
and foF2 

digisonde 
values for 104 
ionograms.

Figure 12. foF2 
relative errors 

calculated 
with IRI model 
and the foF2 

NN model 
predictions.

Figure 13. Histogram to show IRI and NN model error distribution and, error 
statistics.

    6. Future works
•There are available 20 years of 
ionogram data at Jicamarca 
Radio Observatory provided by the 
digisonde. Thus, more training will 
be realized and all hours will be 
include.

•To evaluate this performance new 
SAMI2 comparison will be made. 

•After accurate ionogram 
predictions have been made, 
future work will be oriented toward 
electron densities forecasting.

1.De la Jara, César. 2019. Ionospheric Echoes Detection in Digital Ionograms Using Convolutional Neural Networks. Lima : s.n., 2019.
2.Sai Gowtam, V., & Tulasi Ram, S. (2017). An Artificial Neural Network based Ionospheric Model to predict NmF2 and hmF2 using 
long-term data set of FORMOSAT-3/COSMIC radio occultation observations: Preliminary results. Journal of Geophysical Research: 
Space Physics, 122, 11,743– 11,755. https://doi.org/10.1002/2017JA024795
3.http://www.digisonde.com/pdfs/Digisonde4DManual_LDI-web1-2-6.pdf).
4.Poole, A. W. V., & Mckinnell, L. A. (2000). On the predictability of foF2 using neural networks. Radio Science, 35(1), 225–234. 
https://doi.org/10.1029/1999RS900105.

Figure 14. Density plot 
to show Neural network 
prediction errors 
around months from 
some days of May to 
December.

We chose neural networks architecture based on experience and multiple tests.
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Thanks for your attention!


