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Abstract

There is a need to design of RF Up/Down- converter for (from C/Ku to/from
L band) signals required for several applications. The proposed work presents
a design of an RF Up/Down Converter that makes use of GNU Radio
and Software-Defined Radios (SDRs). The converter helps in frequency
translation between the C/Ku and L bands, leading to a cost-effective and
versatile solution for RF signal processing. By using open-source GNU Radio
software, the proposed system enhances accessibility, enabling its deploy-
ment in diverse applications, from satellite communication to radar systems.
The converter’s unique features include real-time processing capabilities,
customization through an intuitive graphical interface, and Python scripting.
This idea presents the design considerations, signal processing techniques,
and performance evaluation of the RF Up/Down Converter. The advantages
of an open-source solution over other available alternatives are in terms
of cost, flexibility, and rapid prototyping. Simulation and hardware results
demonstrate the efficacy of the proposed work.
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1 Introduction

The demand for efficient satellite communication systems has driven the need
for versatile RF Up/Down converters capable of translating signals between
high-frequency bands, such as C and Ku, to an Intermediate Frequency
(IF), notably the L band. Software-Defined Radio (SDR) is a revolutionary
approach to radio system design, replacing traditional hardware components
with software-based processing. It enables the creation of flexible and adapt-
able radio communication systems by implementing signal processing tasks
in software rather than relying on dedicated hardware components. SDRs
enable the implementation of RF signal processing in software, offering
dynamic control over parameters such as modulation, frequency, and band-
width. In the context of RF Up/Down Conversion, SDRs play a pivotal role
in realizing versatile and adaptable solutions for frequency translation.

The RF Up/Down Conversion process is crucial in scenarios where
signals need to be shifted between frequency bands, such as converting high-
frequency C or Ku bands to a more manageable Intermediate Frequency
(IF) like L band. This conversion is essential for compatibility between
different communication systems and devices. This work presents a study
on the design and implementation of an RF Up/Down Converter using GNU
Radio and Software-Defined Radios (SDRs) [1]. It aims to facilitate seamless
signal translation, ensuring compatibility and uniformity in the transmis-
sion process. Leveraging open-source signals for its design, our approach
emphasizes innovation and flexibility in addressing the challenges of RF
signal conversion. The success of the tool will be evaluated based on its
efficacy in Up/Down converting signals, showcasing its practical utility in
satellite communication and related applications [2]. SDR platforms, such
as the HackRF One and Ettus Research USRP series, provide the necessary
hardware infrastructure to capture, process, and transmit radio signals [3].

By integrating SDR technology, the proposed work seeks to harness the
flexibility and programmability of SDRs to achieve efficient RF Up/Down
Conversion. The synergy between SDR and RF conversion aligns with
the contemporary trend of software-centric approaches in communication
systems, providing a powerful tool for addressing diverse communication
challenges.

1.1 Basics of RF Up-Down Conversion

Figure 1 depicts a basic RF up-down converter, a system used to shift a
radio frequency (RF) signal to either a higher or lower frequency range [4].
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Figure 1 RF up down converter.

It achieves this using a mixer and a local oscillator (LO). The signal voy-
age begins with the low-noise amplifier (LNA) enhancing the incoming
signal while minimizing noise build-up. Following this, a band-pass filter
(BPF) eliminates unwanted frequencies outside the desired band. The central
heart of the process lies in the mixer, where the amplified and filtered
signal encounters the LO signal, resulting in multiplication and a change
in frequency. For up-conversion, the LO frequency surpasses the original
RF signal, producing a sum frequency at the output. Conversely, down-
conversion involves an LO frequency lower than the RF signal, generating
a difference frequency [5].

The final stage involves another BPF, meticulously removing unwanted
by-products and noise, leaving solely the intended output signal. This dual-
mixer setup allows for application in both transmission and reception, show-
casing its versatility across a wide array of fields, including communication
systems, radars, and electronic warfare.

To enhance the performance of GNU Radio and SDRs for the up-down
conversion, several studies have been reported in the literature. In the work
presented in [6], HackRFOne (Software defined Radio SDR) is tuned to the
required radio frequency by employing GNU Radio Companion and Gqrx
(spectrum viewer), where both GNU Radio and Gqrx are open-ended soft-
ware. A brief overview of SDR is presented in [7]. SDR-Based Transceiver
of Digital Communication System Using USRP and GNU Radio is presented
in [8]. In a master’s thesis by Marappa, Nagarjuna, the design of a Digital
Down Converter Chain is discussed based on FPGA [9]. As the area has yet
not been explored much, studies that exactly match to design of an up-down
converter using GNU radio are only referred.
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2 Proposed Work

The proposed work presents a design of a dynamic RF Up/Down Converter
using the powerful combination of GNU Radio and Software-Defined Radios
(SDRs). This converter serves as a pivotal tool in the RF signal processing
domain, facilitating the seamless translation of signals between the widely
used C/Ku and L frequency bands [9]. The proposed idea conceives of
transformation in RF signal processing through the implementation of an
innovative RF Up/Down Converter. By integrating the robust capabilities of
GNU Radio and SDRs, we aim to provide users with a cost-effective and
adaptable solution for seamless frequency translation. The design revolves
around fostering accessibility, allowing both seasoned professionals and
aspiring enthusiasts to engage in RF signal manipulation effortlessly [10].
The convergence of affordability, versatility, and real-time processing sets the
stage for various applications in satellite communication, radar systems [11].

2.1 GNU Radio

GNU Radio is an open-source toolkit widely utilized for the development
of software-defined radios (SDRs) and signal processing systems. At the
core of GNU Radio is the GNU Radio Companion (GRC), a graphical user

Process for the RF UP DOWN Conversion of C, Kuand L
bands

‘ Configure GNU Radio Environment ‘
Signal Source Configuration H Frequency Xlating FIR Filter F—4>| Low-pass Filtering H Testing and Ananlysis |

Analyzing the RF UP DOWN conversion threugh simulation

Figure 2 Proposed work.
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interface that simplifies the creation of signal-processing flowgraphs. Users
can employ GRC to visually design intricate signal processing chains by
dragging and dropping predefined signal processing blocks onto a canvas and
connecting them. These blocks, which cover functions like signal generation,
modulation, filtering, and frequency translation, collectively construct the RF
signal processing pipeline [12]. Its explained in details as follows.

* GNU Radio Configuration: The project harnesses the capabilities of
GNU Radio, an open-source toolkit, for building Software-Defined
Radio systems. This entails configuring the environment and installing
essential software packages.

* Signal Source and Frequency Xlating FIR Filter: Signal sources are
configured to generate RF signals in the C/Ku band, and the Frequency
Xlating FIR Filter is employed for precise frequency translation.

* Decimation/Interpolation: Depending on the operation (up-conversion
or down-conversion), decreasing, and increasing the sampling rate
stages are incorporated to adjust the sampling rate.

* Low-Pass Filtering: A low-pass filter is applied to the converted signal to
eliminate unwanted high-frequency components, ensuring compatibility
with the new frequency band.

* Real-Time Operation: The system is configured for real-time processing,
critical for applications like satellite communication and radar.

* User Interface (Optional): For user convenience, a graphical user inter-
face (GUI) can be created using GNU Radio Companion or other tools
for parameter control and signal visualization.

3 Design Methodology

In this section, we derive a systematic methodology for the development
of an RF Up/Down Converter utilizing the GNU Radio framework and
Software-Defined Radios (SDRs). The initiation involves a clear definition
of objectives, specifying target frequency bands, with a focus on C/Ku and L
bands. Selection of suitable SDR hardware follows, considering factors such
as frequency range, cost, and availability, with notable options being the [5]
HackRF One or Ettus Research USRP series. Subsequently, the GNU Radio
software is set up on the designated Linux platform, ensuring compatibility
and resolving any software dependencies [13]. The complete flow of work is
depicted in Figure 2. The signal source generation is implemented using the
Signal Source block, configuring parameters such as frequency, amplitude,
and modulation to generate C/Ku band RF signals [7]. The Frequency Xlating



906 Aniket Thavai et al.

FIR Filter is then employed for up-conversion or down-conversion, with
essential parameters like center frequency carefully configured. Decimation
or interpolation stages are integrated as needed to adjust the sampling rate,
aligning it with the target frequency band requirements. A Low-Pass Filter
is applied to eliminate undesired high-frequency components, with specified
characteristics including cut-off frequency and transition width [5]. Opti-
mization for real-time processing is an important step, considering system
resources and ensuring minimal latency for efficient processing. Throttle
blocks are introduced for sample flow control, and Python scripting is lever-
aged for customization, allowing the implementation of custom algorithms
if needed. This systematic methodology ensures a comprehensive approach
to the development of the RF Up/Down Converter, facilitating its successful
implementation and future enhancements. The configuration of each block
in the GNU Radio block diagram involves setting specific parameters based
on the desired functionality and system requirements [13] as described as
follows:

1. Signal Source Block

* Frequency Setting: Set the center frequency to the desired value,
representing the center frequency of the generated RF signal.
» Sample Rate: Define the sample rate of the generated signal.

2. Frequency Xlating FIR Filter Block

* Type: Choose the filter type, such as low-pass or band-pass, based
on the application.
* Taps: Configure the filter taps based on the desired filter character-
istics.
* Center Frequency: Define the center frequency for the translation.
3. Decimation/Interpolation Block

* Decimation Factor (for Down-Conversion): Set the factor by which
the sample rate is reduced.

* Interpolation Factor (for Up-Conversion): Set the factor by which
the sample rate is increased.

4. Low-Pass Filter Block

* Filter Type: Choose between low-pass, band-pass, or other filter
types

* Cut-off Frequency: Specify the frequency at which the filter begins
attenuating.
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* Transition Width: Define the width of the transition region between
the passband and stopband.

* Filter Design Method: Select the filter design method, such as
Kaiser or Parks-McClellan.

5. Throttle Block:

* Sample Rate: Adjust the sample rate to control the flow of data
through the flowgraph.

3.1 Down Conversion C (4GHz) to L (2GHz) Band using HackRF
One SDR

Down conversion refers to converting a high frequency into a low frequency
without changing its characteristics. In the proposed design, we have used a
4 GHz cosine signal as a message signal and a carrier frequency to carry the
message signal. Both the frequencies are fed as input to the multiplier that
subtracts the carrier frequency from the message signal and passes further to
the Frequency Xlating FIR filter. This filter is used to boost the signal the
signal that is fed as input from the multiplier. The boosted signal is passed
through a Band Pass filter that allows only a particular frequency band to
pass through it [14]. The throttle block is used to run the QT GUI Frequency
Sink that displays the generated signals to the system user. The soapy HackRF
Sink block is used to transmit the obtained signal [15]. Figures 3 and 4 present
the proposed work block diagram for down conversion and up conversion
respectively.

3.2 Up Conversion L (2GHz) to C (4GHz) Band using HackRF
One SDR

Up conversion is the process in which the signal source generates the fre-
quencies for the carrier signal we have used VCO(complex) that generate the

Figure 3 Proposed work: down-conversion to 2 GHz.
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Figure 4 Proposed work: Up-conversion to 4 GHz.

frequency after that we have used a Multiply block that performs two opera-
tions addition and subtraction of two frequencies for the up conversion signal
source generates 2 GHZ and VCO(complex) generates 2 GHZ then Multiply
block adds the Frequencies so we get 4 GHZ Up converted frequency after
that we have used frequency Xlating block for the translation of frequency
and finally we have used band-pass filter that passes 4 GHZ up converted
frequency [16]. The applications of the proposed work include:

* Satellite Communication: Enabling interfacing with satellite communi-
cation systems for signal reception and transmission in the L band.

* Radar Systems: Finding applications in remote sensing and radar
systems where signals may need down-conversion for analysis [17].

* Educational Tool: Serving as an educational tool for students to gain
hands-on experience in RF signal processing and SDR technology.

* In essence, our project strives to democratize RF signal conversion by
offering an affordable, versatile, and user-friendly solution that opens
doors to innovation, learning, and cost-efficient solutions across various
domains

Figure 5 shows the hardware connection performed to obtain the results. The
advantage of the proposed idea of using SDR over FPGA and Raspberry is the
ability to receive and transmit various modulation methods using a common
set of hardware. It is effective in reducing the complexity of programming
and making multiple connections. It also provides the possibility of adap-
tively choosing an operating frequency and a mode best suited for prevailing
conditions [18].

4 Simulation Results

The results obtained in the proposed work demonstrate the successful
implementation of the RF Up/Down Conversion system using GNU Radio.
Through simulation, the system showcased efficient frequency translation
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Figure 5 Hardware implementation using HackRF SDR.
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Figure 7 Up-conversion to 4 GHz.

capabilities, achieving accurate down-conversion to 1 GHz shown in Figure 6,
and up-conversion to 4 GHz shown in Figure 7. The signal processing blocks,
including the Frequency Xlating FIR Filter, Decimation/Interpolation stages,
and Low-Pass Filters, were effectively utilized to ensure precise frequency
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Figure 9 Up-conversion to 4GHz using HackRF One SDR.

shifts and maintain signal quality. Thorough testing and analysis validated
the system’s performance, affirming its suitability for applications in satellite
communication, radar systems, and other RF signal processing domains.
The positive outcomes pave the way for further refinement and real-world
testing, solidifying the project’s contribution to the advancement of RF signal
processing methodologies within the GNU Radio framework [19].

4.1 Hardware Results

The results obtained in the practical work demonstrate the successful imple-
mentation of the RF Up/Down Conversion system using GNU Radio and
HackRF One SDR. The output includes a graphical representation of the
result i.e. 2 GHz output shown in Figure 8 for Down conversion and stable
4GHz output for Up conversion shown in Figure 9.

This output is obtained using various blocks like Signal source to gen-
erate a message signal and VCO (complex) block to generate the carrier
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Figure 10 Comparison of results.

frequency. Multiplier blocks either add or subtract the signals accordingly.
The frequency Xlating filter and the band pass filter perform the necessary
operations and transmit the signal using a soapy HackRF sink [20]. Figure 10
shows a comparison of results with existing works in literature.

Our research depicts a compelling combination of practical implementa-
tion of RF Up Down conversion using GNU radio and SDRs. While works
presented in [21-23] and [25] provide valuable introductions to specific func-
tionalities (up/down conversion, demodulation) using software-defined radio
(SDR), our work delves deeper into a specific application or system design.
Additionally, works in [21] and [25] showcase the potential of hardware-
focused approaches with high-frequency conversion from 2-6 GHZ with a
high complexity level, but our research achieves a similar level of results
while potentially offering greater flexibility and control over the signal pro-
cessing chain with Low Complexity. Moreover, the other works such as [21]
and [25] have used hardware that gives less accurate results compared with
our work. The work presented in [22] also has used HackRF but the proposed
results are more accurate while maintaining less complexity. Also, work in
[23] has only performed the simulation process of frequencies 800 MHZ—-
950 MHZ, as proposed system provides the RF UP Down conversion using
GNU radio and SDRs with more accuracy and Less Complexity with high
frequencies ranges from 2GHZ-4GHZ.

5 Conclusion

The design and implementation of the RF Up/Down Converter using GNU
Radio showcase a versatile and cost-effective solution for RF signal pro-
cessing. The use of open-source GNU Radio software for the design of the
converter allows seamless frequency translation between the C/Ku and L
bands. Using the HackRF SDR, up-conversion from 2 GHZ to 4 GHZ and
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down-conversion from 4 GHZ to 2 GHZ is successfully implemented. The
same is demonstrated using hardware and simulation results. The proposed
design provides the possibility of adaptively choosing an operating frequency
and a mode best suited for prevailing conditions.
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