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Abstract 

Recently, a lot of effort has gone into responding 

to the increasing demands of a new generation of RF 

avionics, which must not only meet the Size, Weight, 

Power, and Cost (SWaP-C) constraints but also be 

compatible with the current and future standards. 

Among the solutions in studied, the implementation 

of Software Defined Radio (SDR) into avionics has 

been proven as one of the most promising. Previously 

presented as the Multi-Mode Software Defined 

Avionics Radio (MM-SDAR) architecture, the SDR 

avionics prototype of the AVIO-505 project at 

LASSENA has shown its potentials in laboratory 

tests using certified equipment. Results obtained in 

controlled environments experimentation show that 

the MM-SDAR can meet the Minimum Operational 

Performance Standards (MOPS) for the Signal-Of-

Interest (SOI), naming just a few, Automatic 

Dependent Surveillance-Broadcast (ADS-B In/Out), 

Distance Measuring Equipment (DME) and 

Transponder Mode S (TMS). Over the past three 

years, flight tests have been completed in order to 

evaluate the potential and performances of the 

MM-SDAR, with promising results. This article aims 

mainly to examine the details of selected flight tests 

(scenarios, installation, configuration, etc.), and most 

importantly, the associated performance analysis. On 

the one hand, the results described herein confirm the 

operation of the MM-SDAR in flight condition, 

which is crucial for avionics architecture. On the 

other hand, they illustrate the benefits as compared to 

the corresponding avionics system, and the current 

limits of the MM-SDAR, which will become 

valuable data for further future development. 

Introduction 

With the ever-increasing demands of the 

aviation industries, authorities and passengers, 

avionics including CNS (Communication, Navigation 

and Surveillance) systems and data fusions has today 

become one of the most interesting domains for 

research and development. Great efforts have been 

made to reducing Size, Weight, Power and Cost 

(SWaP-C) of avionics while increasing its 

capabilities, performance robustness and security. 

From the available solutions, Software Defined 

Radio based (SDR-based) avionics represents a 

promising approach. First discussed by J. Mitola in 

[1], SDR can be considered as a solution to “reduces 

hardware size, weight and power through fewer 

radio units”, and at the same time “opens up new 

levels of service quality and channel access 

flexibility.” The advantages of the software radio 

approach have been widely recognized, and SDR has 

become the basis for various applications, from 

cellular technologies [2] to cognitive radio and 

wireless communication [3-6]. For years, with the 

migration from the Federated to the Integrated 

Modular Avionics (IMA) architecture, along with the 

shift from conventional avionic components to the 

digital systems, SDR has been studied and 

implemented in the RF avionics, although with 

limited features. Firstly, with the actual avionic 

architecture, the individual modules for each avionics 

have limited the ability to share both hardware and 

software available resources. Secondly, the use of 

software in avionics is still mostly at the level of 

handling the data, which has limited the utilization of 

digital signal processing, and thus, the benefits of the 

digital evolution. Consequently, the current-in-use 

avionic architecture cannot fully benefice the 

advantages given by the SDR, as discussed by J. 

Mitola in [1]. 

Since 2013, LASSENA1 has been studying and 

developing a highly integrated SDR-based avionics 

architecture as part of the project CRIAQ 2 

AVIO-505. Aiming at demonstrating all the benefits 
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of SDR for avionics, the prototype of this project, 

known as the MM-SDAR [7], has brought and 

highlighted several crucial benefits compared to the 

current avionics architecture. Firstly, the high-level 

integration of the SDR shifts a large amount of the 

workload from the analog domain to the digital 

domain, thereby simplifying the RF front-end, and at 

the same time, introducing all advantages of the 

digital signal processing revolution. Secondly, like 

any SDR-based applications, MM-SDAR is 

configurable, which means it is capable of real-time 

resource optimization, depending on the flight 

conditions. Third, but not last, thanks to the software-

based approach, MM-SDAR is almost independent to 

the hardware, which means reduction of the time and 

effort for the development, the installation, the 

software updates, and for general maintenance. 

Over the years, different aspects of this 

SDR-based avionics have been presented, with 

positive feedbacks. In 2013, as one of the pioneering 

studies, J. Ngounou, J. Zambrano, O. A. Yeste-Ojeda, 

and R. Jr. Landry discussed the applications of the 

SDR in avionics, with TMS and ADS-B as first SOI 

[8, 9]. From these preliminary targets, the study of 

SDR-based avionics has been expanded to other 

crucial CNS systems, from the DME [10, 11] to 

wideband communication radio (WBR) systems [12, 

13]. In 2017, the complete MM-SDAR architecture 

was presented for the first time [7]. As discussed by 

the authors, this prototype offers a configurable and 

highly integrated approach (thus simplified and 

optimized), which could be comparable and 

compatible with the current IMA architecture. On the 

other hand, as it can be seen from the laboratory 

measurements with certified equipment, the MM-

SDAR can meet the MOPS for the integrated 

avionics, namely ADS-B In/Out, TMS, DME, and 

Wideband Radio (WBR). The main components of 

this proposed avionic architecture are summarized in 

Figure 1 below (Adapted from [7]). 

 

Figure 1. MM-SDAR Architecture Overview 

High Power RF front-end 

The High Power RF front-end consists of analog 

components that complement the SDR platform, and 

includes RF filters, control switches, Power 

Amplifiers (HPA), a duplexer and an Antenna Matrix 

Switch. In a general view, the configurability and the 

performance of the MM-SDAR depend strongly on 

the capacity and operation of this stage. For a 

bidirectional application such as DME, this stage not 

only needs to handle the high power after the HPA 

but also requires high RF isolation to avoid degrading 

the sensitivity of the signal reception. Since the 

design of this High Power RF front-end stage is not 

the primary focus of this article, only an overview 

will be presented in a generalized fashion throughout 

the paper. 

SDR Platform with FPGA 

The SDR platform is the component in charge of 

converting the RF signal to the digital domain and 

vice-versa. The main components of this SDR are the 

embedded RF stages (LO Mixer, baseband filters, 

etc.), the Analog to Digital Converter (ADC), the 

Digital to Analog Converter (DAC), the Field 

Programmable Gate Array (FPGA) linked with a 

powerful DSP (computer). In this study, the SDR 

platform is a Nutaq 3  PicoSDR, with the main 

parameters summarized in Table 1 below. 

Table 1. Embedded PicoSDR Main Parameters 

Parameter Specifications 

RF chipset 

specifications 

- Lime Microsystems LMS6002D 

- 12-bit ADC/ 16-bit DAC (x2) 

- Zero-IF architecture 

- Frequency range: 0.3 to 3.8 GHz 

- Max sampling rate: 40 MHz 

- Up to 28 MHz modulation 

bandwidth 

FPGA Virtex-6 SX475T 

Max 

input/output  
15/23 dBm, 1 dB resolution 

Integrated 

filter stages 

- In RX: Configurable bandpass and 

baseband filters   

- In TX: Configurable low pass filter 

CPU/DSP 
2nd Gen Quad-core Intel Core i7 CPU 

(Can be IMA-compatible designed)  

                                                      

3 Homepage: https://www.nutaq.com/  

https://www.nutaq.com/


General Purpose Processor (GPP) 

The final component of the MM-SDAR is the 

General Purpose Processor (GPP), which is the core 

of the signal processing and is also used to control 

the other two components (RF and FPGA). This GPP 

could either be embedded in the SDAR or connected 

to a remote GPP computer (which could be 

developed with IMA-compatible fashion). In this 

study, the digital signal processing in the GPP is 

developed based on GNU Radio, a popular 

open-source program for rapid real-time SDR 

prototyping. At the start of the project, the GPP was a 

SAM-C embedded CPU in the PicoSDR, which is a 

light-weight and convenient approach for the flight 

test phase, as presented in [7]. However, with the 

increased demand for performance, the 2nd 

Generation Core i7 in the SAM-C has shown some 

limitations. Since no other embedded CPU was 

available, the embedded GPP has been replaced by a 

remote GPP/CPU, equipped with a 4th Generation 

Core i7-4790 and 8 GB of RAM. This CPU is also 

installed as a component of the Equipment Under 

Test (EUT) for the flight tests, which will be 

discussed in the next section. 

Aside from the change in the hardware, the 

basics of the GPP remain the same as presented in [7], 

one sub-modules for each application, as shown in 

Figure 2 below. More information about the 

MM-SDAR architecture, including the Low-IF 

approach and the information of the SOI, can be 

found in the previous publication [7]. 

 

 

Figure 2 Overview of the software defined avionic architecture in GPP (GNU Radio) 
 

Laboratory Test Performance 

To verify the operation and capacity of the 

integrated modules in the MM-SDAR, numerous 

experiments have been done in laboratory, using the 

certified avionic test equipment such as Aeroflex’s 

IFR-6000. Table 2 

Table 2 below summarizes the current 

performance of the MM-SDAR for the target SOI. It 

is important to note that these measurements were 

taken without considering the effect of the High 

Power RF to most closely approximate the capacity 

of the current system in a perfect environment. 

Table 2. MM-SDAR latest Performance 

SDAM Parameter 
Standard 

[14-16] 

MM-

SDAR 

TMS 
Sensitivity −73 dBm −75 dBm 

Dynamic range 53 dB 67 dB 

DME 

 

Range 
0 to 200 

NM 

0 to 200 

NM 

Sensitivity −83 dBm −91 dBm 

Dynamic range 73 dB 84 dB 

Accuracy ±0.17 NM ±0.1 NM 

ADS-B 

In 

Sensitivity −72 dBm −75 dBm 

Dynamic range 72 dB 67 dB 

SADS-

B Out 

Message format and signal verified by 

IFR-6000 



From the Table, it can be seen that all of the 

Software Defined Avionics Modules (SDAM) 

developed and integrated in the MM-SDAR can meet 

the requirements for the corresponding avionics, at 

least in the controlled environment. In other words, 

the MM-SDAR was ready for the tests in the real 

world. 

Flight Test Methodology 

Context and general information 

Although the results described in Table 2 are 

promising, it cannot be used to conclude about the 

full capacity of the system. Flight testing was at this 

stage the only possibility to pursue the analysis of the 

SDAR performance. In fact, the effects of the High 

Power RF front-end and the complex conditions in 

flight tests could not be evaluated with laboratory 

experimentations. Therefore, fight-testing is a must 

for any related type of avionic projects. 

During the 5-year life of the project (2013 to 

2017), two different sets of flight have been done to 

evaluate the operation of the system in different flight 

conditions. Before 2017, the first three flights were 

performed using the private airplane, Piaggio P180 

Avanti, with the goals of (1) carrying out a 

preliminary evaluation of the compatibility between 

SDR-based avionics and current avionics systems; 

(2) carrying out a preliminary evaluation of the 

components that had been integrated up to that point, 

including ADS-B In/Out and DME; and (3) 

developing a standardized and accurate procedure to 

conduct flight tests, ranging from EUT development 

and installation, securing licenses, applied to 

establish communications between the flight 

members, and analyzing the results. Table 3 below 

presents the general details of these flights.     

Table 3. Flight Tests with the Piaggio P180 Avanti (Marinvent Corporation) 

Date (Name) Duration Objectives Main Results 

23-Sep-2015 

(FT#1P) 
~2 hours 

 - Develop the procedure to 

perform a flight test. 

- Verify the operation of the 

High Power RF ver. 1 

- Verify the operation of the 

ADS-B IN/Out and DME 

- Obtained the licenses for flight-testing the 

prototype. 

- Found a solution to install the EUT into the 

Workstation on Piaggio P180 Avanti. (Figure 3) 

- Got promising results for both ADS-B and DME 

28-Jul-2016 

(FT#2P) 
~1.8 hours 

- Develop a tool for fast 

performance analysis of the MM-

SDAR. 

- Verify the High Power RF ver. 

2 

- Verify the operation of the 

ADS-B In/Out and TMS 

- Created the first version of the Flight Analysis 

Studio (FAST) Software. 

- Established a solution to flight-testing the 

Transponder. 

- Got the comparable ADS-B Out results regarding 

the reference of the Piaggio Avanti 180. 

- Got the data to update the TMS. 

23-Oct-2016 

(FT#3P) 
~2 hours 

-Verify the operation of ADS-B 

In/Out, and DME. 

- Obtained the licenses for flight-testing the WBR. 

- Create a solution to test the WBR in flight, along 

with other SDAM 

- Got the data to update the High Power RF module 

- Got the information to improve WBR 

 

Although these results showed good operation of 

the MM-SDAR in-flight conditions, they were still 

not enough. The 6-hour flight test data was still very 

limited, and there were other parameters required to 

be measured, such as the TMS, WBR, and the new 

Secure ADS-B (SADS-B) [17, 18]. The urgent need 

to increase the frequency of flight tests for further test 

of the MM-SDAR was the motivation for the second 

set of flights in 2017. This time a normal Cessna 172 

was chosen. Although this option contains certain 

limitations compared to the Piaggio P180 Avanti, it 

also offers two crucial advantages: (1) The simplicity 

in planning and its availability, which lead the team 

to a frequency of around 2 flights per week during 

the summer of 2017; and (2) the FAST Software 

feedbacks after each test to gradually develop and 

improve the performance of the avionic software 

modules. Table 3 below summarizes the details of the 

2nd flight series with the Cessna 172. 



Table 4. Flight Tests with the Cessna 172 

Date (Name) 
Duration 

per Flight 
Objectives Main Results 

24-Jun-2017 

(FT#1C) 
~1.6 hours 

- Find a solution to install the MM-SDAR into 

the Cessna 172 and to perform the test. 

- Verify the High Power RF ver. 3 

- Verify the operation of ADS-B Out and WBR 

- Found the solution to install the 

components and to perform the test. 

- Normalized the logging in the 

SDAR to develop the current version 

of FAST Software. 

Jun-Oct 

2017 

(FT# 2C to 

FT#20C) 

~1.5 hours 

- Get the data and evaluate the performance of 

the MM-SDAR for the integrated avionics: 

ADS-B In/Out (later become SADS-B), DME, 2 

DME simultaneously, WBR, and TMS 

- Gradually improved the 

performance of the integrated 

SDAM. 

- Gradually develop and add new 

features for FAST. 

Oct-Nov 

2017 

(FT# 21C to 

FT#23C) 

~1.5 hours 

- Verify the operation of SADS-B with 

cryptography. 

- Find a solution to test the TMS around Saint 

Hubert airport (CYHU) 

- Verified the operation of encrypted 

solution for SADS-B. 

- Got the stable results for TMS. 
 

 

Figure 3 Installation of the MM-SDAR in the Workstation of the Piaggio P180 Avanti 

 

High Power RF front-end and the Preparation 

for the flight tests 

1) Licenses for the MM-SDAR flight tests 

As aforementioned, MM-SDAR targets some of 

the most crucial avionics in CNS, for instances, 

ADS-B, TMS and DME. Like any other avionic 

bands, the spectrum frequencies utilization in these 

bands are strictly controlled. Therefore, obtaining the 

permission to proceed the flight tests with uncertified 

avionic modules was one of the crucial challenges in 

the preparation procedure before the flights. In order 

to obtain the permission from the authorities, not only 

the MM-SDAR has to show its proper operation in 

the controlled environment to get the radio licenses, 

but also the flight plan and the procedure for each test 

have to be validated by the flight test pilots and 

government agencies. The following are some 

important points related to the obtained licenses of 

the MM-SDAR: 

1. The maximum output power of the 

MM-SDAR before the antenna cannot exceed 100 W 

(50 dBm) for DME, ADS-B Out, and TMS. In case 

of the WBR, this value is 10 W (~40 dBm). 



2. The test zone for the standard avionics such as 

DME and TMS should be in the vicinity of the 

corresponding ground facilities. More importantly, 

the pilot needs to co-operate with the Air Traffic 

Control (ATC) in the area before and during the tests. 

In case of the non-standard WBR, the test zone 

should be located in the rural area in the North of the 

Pierre Elliott Trudeau International Airport (CYUL). 

3. The installation of the MM-SDAR on the 

airplane must be done in accordance with the 

standards, and in all cases must not affect the safety 

and normal operating condition of the airplane.  

4. The flight plan has to meet all of the other 

standard rules for similar standard flights, applied to 

both the Piaggio P180 Avanti and the Cessna 172. 

2) The current version of the High Power RF 

With the maximum output power mentioned in 

the licenses, as well as the size and weight constraints 

of the Workstation and payload of the Cessna 172, a 

generic High Power RF front-end has to be designed 

with cautious. Figure 4 describes in details the 

discrete components of this Front-End, which is 

separated into two sections in Figure 5 and Figure 6. 

As can be seen from the attached details, this 

configuration offers a solution for two system in 

parallel and configurable for both transmission and 

reception. With a total of four integrated applications, 

multiple combinations can be done, as can be found 

later in the result section. 
 

 

 

Figure 4 Components of the High Power RF front-end 
 

 

Figure 5 High Power RF front-end upper Section 

 

Figure 6 High Power RF front-end lower Section  



For the flights with Cessna 172, both the upper 

and lower sections are attached to a single module, 

and then placed in the baggage section behind the 

SDR platform and the Operator, as shown in Figure 7. 

Furthermore, in this situation, all High Power front-

end, SDR platform, and the GPP are powered by two 

removable 2000 A – 700 W batteries. A third battery 

is also installed into the plane as a backup. With this 

configuration, the center of gravity is pushed back 

and approaches the maximum after (maximum aft) 

position, yet still in the safe zone, as described in 

Figure 8. 

 

 

Figure 7 Installation of the MM-SDR in the Cessna 172 

 

 

Figure 8 Center of Gravity estimation based on flight plan and the MM-SDAR installation 

 



3) MM-SDAR performance with HP Front-End. 

The integration of the High Power RF front-

end into the MM-SDAR is mandatory since no SDR 

platform could supply an output power up to the 

assigned power in the license. However, it is also a 

challenge because of the limited performance of the 

Commercial-Of-The-Shelf (COTS) components, for 

instance, the RF isolation between the TX/RX and 

also the timing of analog switches. To meet the 

MOPS with the High Power RF, the RF isolation 

between RX and TX in certain cases might require 

to be over 100 dB, for example, the DME requires a 

sensitivity of -83 dBm. In the case of TMS, the 

challenge lies in the short response time of the 

receiver, not only because of the FPGA timing (as 

discussed in [7]), but also the control of the 

switches of the High Power RF front-end. The 

performance of the MM-SDAR in the controlled 

environment with laboratory tests is summarized in 

Table 5. 

Solution to perform the TMS flight test 

Unlike other integrated SDAM, the flight test 

of TMS is more complicated, not only because of 

the requirements to establish full cooperation with 

the ATC, but also because of the complexity to 

record data and to extract properly the results. In 

fact, at the exception of the ATC confirmation, 

there is no other solution to determine whether or 

not the TMS testing module functions as intended 

during the flights. Moreover, because of the 

Canadian national security, the position of the TMS 

ground station (not the ATC) in Canada is unlikely 

to be disclosed to the general public even for the 

research and study purposes such as this project.  

As part of this study, a procedure has been 

developed to perform the tests for TMS, not only to 

validate the performance, but also to make sure that 

it can be conducted regardless of the type of 

airplane and is reproducible. Figure 9 below 

presents the main steps of this procedure 

Table 5. MM-SDAR Performance with the High 

Power RF front-end  

SOI 
Parameters Standard 

[14-16] 

MM-

SDAR 

TMS* 

Sensitivity −73 dBm −75 dBm 

Dynamic range 53 dB 67 dB 

Output power ≥ 49 dBm ~50 dBm 

DME 

 

Range 
0 to 200 

NM 

0 to 200 

NM 

Sensitivity −83 dBm −91 dBm 

Dynamic range 73 dB 84 dB 

Accuracy ±0.17 NM ±0.1 NM 

Output power ≥ 47 dBm ~50 dBm 

ADS-B 

In 

Sensitivity −72 dBm −75 dBm 

Dynamic range 72 dB 67 dB 

ADS-B 

Out 

Output power ≥ 49 dBm ~50 dBm 

Message format and signal verified by IFR-

6000 

* Because of the extremely short response window, 

the switches are by-passed for the TMS module 

. 
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Figure 9 Procedure for the flight testing of the TMS 



Before starting the test, the pilot contacts the 

ATC and asks for the permission and the 

collaboration of the ATC operators. After receiving 

the confirmation, during the flight, the pilot turns 

off the commercial transponder of the airplane and 

the EUT operator on the Cessna activates the TMS 

module of the MM-SDAR. If it works as expected, 

the TMS of the MM-SDAR will respond to the 

interrogation of the Ground Station as the 

commercial transponder above-mentioned. The 

ATC operator periodically checks the ATC monitor 

and announces the results (as well as any abnormal 

behaviors) to the people on the plane via VHF AM 

Radio. This communication is recorded and is 

transcribed after the flight. These transcripts will be 

used alongside the logs of other data (i.e. RSSI, the 

position, etc.) to evaluate the performance of the 

TMS module. More details on the type of the 

system parameters can be found in the next 

sections, as well as in-flight performances of other 

integrated SDAM in the MM-SDAR. 

Flight Test Analysis 

Piaggio P180 Avanti 

Figure 10 presents the trajectory of the Piaggio 

P180 Avanti in the first flight test of the MM-

SDAR. In order to verify the function of the DME 

and the ADS-B (In/Out) together, a mobile ground 

station was established near the VOR/DME YMX. 

At the same time with the ADS-B Out from the 

MM-SDAR, ground station will also receive and 

decode the ADS-B Out signal from the commercial 

ADS-B module of the Piaggio, and this information 

will become the reference for the post-test analysis 

of ADS-B. 

Based on the aircraft position, as well as the 

recorded data from the DME module, Figure 11 

below can be plotted. As can be seen, a total of two 

holdings were conducted, at a distance of 4 to 8 NM 

from the VOR/DME YMX (black cross). During 

most of the time, the DME module tracked and 

output the distance results, marked with green circle, 

stably and robustly. However, during the banking 

period, there were short periods of missing samples. 

The post-test study and simulation in laboratory 

revealed two possibilities explaining this behavior. 

Firstly, it is reasonable to believe that the banking 

period affected the direction of the antenna, hence 

degraded the SNR of the signals for both TX and 

RX, resulting in these losses. Secondly, the MM-

SDAR at that time did not have an Automatic Gain 

Control (AGC) for the reception. Therefore, it is 

possible that the ADC was saturated in this close-

distance period.  

A more detailed analysis for the DME can be 

found in Figure 12, in which the outputs of the 

MM-SDAR (green line) is compared with the GPS 

estimation (reference – red line) and the results of 

the current-in-use DME in the Piaggio P180 Avanti 

(blue line).  

 

Figure 10 Trajectory for the FT#1P 

+
 

Figure 11 DME output vs. trajectory 



First DME record

Second DME record

 

Figure 12 DME results for FT#1P 

Even though a constant offset can be detected 

from the results above, it is undeniable that the 

MM-SDAR outputs shared the same behavior with 

the two other dataset. In other words, the 

MM-SDAR showed its operation in flight test 

conditions and proved that the idea of SDAR is not 

only feasible but can meet the MOPS standard. An 

in-depth study after this flight showed that the 

reason for this offset is because of the latency of the 

Ethernet transmissions between the GPP and the 

SDR platform. From these results, a solution was 

developed and integrated into the DME module, 

and now the MM-SDAR can fixed this offset in 

real-time, increasing the precision of the system.  

Along with the promising DME results, 

ADS-B (In/Out) was also tested, with the results 

summarized in Table 6 below. The results outlined 

that the ADS-B module in the MM-SDAR 

performed similarly to the commercial ADS-B 

module. The 10% difference is the time required 

after launching the module to link and decode the 

ARINC protocol from the Piaggio database to get 

the airborne data. After this short duration, ADS-B 

In of the receiver Ground Station received and 

decoded the data from both ADS-B Out identically. 

The only difference in performance between the 

two systems is the coverage since the output power 

of the MM-SDAR is 5 times less the Piaggio Avanti 

ADS-B. 

Table 6. ADS-B In/Out summary 

Parameter Piaggio ADS-B MM-SDAR 

Output power 
~ 500 W 

(~57 dBm) 

~100W 

(~50 dBm) 

Max received 

range 
5.5 NM 4.3 NM 

Valid results 

compared to 

recorded GPS 

data 

100% 90% 

Cessna 172 

From the results of the flight tests with the 

Piaggio P180 Avanti above, the function, as well as 

the performance of the MM-SDAR, were confirmed. 

However, more parameters of the in-flight 

operation of the MM-SDAR still need to be 

measured, in particular the robustness in different 



flight conditions, as well as the performance of the 

TMS module. Therefore, the series of 23 flight tests 

with the Cessna 172 have been performed from mid 

to late 2017. From this series of flights, nearly 

40-hours of data were obtained, including not only 

the WBR, ADS-B (In/Out) (and its Secured ADS-B 

(In/Out) version [17, 18]), but also TMS and 2 

DME in parallel. This section will focus only on the 

latter two, along with other parameters to 

demonstrate the configurability and multi-mode 

aspect of the MM-SDAR 

1) General parameters of MM-SDAR 

Figure 13 presents the working conditions of 

the GPP for the FT#14C, along with the tested 

SDAM for both Radio 1 and Radio 2 

(corresponding to ADC/DAC 1 and ADC/DAC 2). 

According to the top graph, during the DME/TMS 

mode and DME/DME test mode period, the CPU 

load and temperature never exceeded 25% and 60oC, 

respectively, for each core (of a total of 8 cores). 

Furthermore, Figure 13 also illustrates the 

configurability of the MM-SDAR, since any of the 

DME and TMS can be activated and disabled in 

real-time during the flight. For example, at the 

beginning of the test, when the plane is near the 

airport, DME/DME mode was used, with DME 1 

interrogating the ILS-DME from the runway of the 

airport and DME 2 interrogating DME/VOR YJN. 

After that, when DME 1 stopped receiving the 

signals from the ILS-DME, Radio 1 is set to TMS. 

When the airplane entered the test zone for WBR 

and Secure ADS-B, MM-SDAR was set to this 

mode, and then returned back to TMS and DME for 

the approach and landing after the test. With just 

one platform having 2 sets of ADC/DAC, the MM-

SDAR offers the operation of a total of four 

standard avionics modules, along with a non-

standard system (WBR). All of these modules and 

functions can be activated as Radio 1 or Radio 2 

independently, except for WBR (Radio 2 only). 

2) Performance of the DME module 

Figure 14 below presents the DME results from one 

of the flight tests with the Cessna 172 for the 

integrated DME SDAM. As can be seen from the 

Figure (MM-SDAR output, as brown marker), the 

effect of the constant offset error has been 

minimized, thanks to the newly implemented 

calibration procedure. The differences between the 

MM-SDAR outputs and the GPS distance reference 

can then be calculated, and the distribution of the 

errors can be found, as shown in Figure 15 for 

DME 1 (ILS-DME of CYHU, known as IHU) and 

Figure 16 for DME 2 (YJN). 

 

 

Figure 13 MM-SDAR CPU Loads and Temperature for FT#14C (25-Aug-2017) 

 



 

 

Figure 14 DME 2 MM-SDAR vs. GPS slant range  

 

Figure 15 DME 1 error (in NM) statistics for 

IHU (FT#18C) 

 

Figure 16 DME 2 error (in NM) statistics for 

YJN (FT#18C) 

Table 7 summarizes the results for all of the 

flight tests of the MM-SDAR for DME. Compared 

to the results from the first flight tests with the 

Piaggio, the improvement in the performance is 

remarkable, since now not only the output of the 

MM-SDAR is valid (regarding the standards 

represented by the green square in Figure 15 and 

Figure 16), but the coverage can be up to 21 NM. 

Considering the fact that the maximum output 

power of the MM-SDAR is just 100 W, and that the 

High Power front-end is designed with COTS and 

non-standard components for avionics, this 

performance can be considered as acceptable. 

Table 7. DME summary for all flights 

 
Before 

Calibration 

After 

Calibration 

Max error 1 NM 0.3 NM 

Average valid 

ratio* 
75% 94% 

Average error 0.11 NM 0.001 NM 

Max coverage 21 NM 

* Valid value: Error within ±0.17 NM from the GPS 

slant range 

3) Performance of the TMS module 

After hours of flight testing and analyzing the 

results for the TMS, the flight test area, as well as 

the flight plan, were changed from FT#21C. In fact, 

the flight zone is now placed around the CYHU, not 

only to enhance the cooperation between the pilot 

and the ATC operator, but also to lengthen the 

testing duration for this specific module. Using an 

assumption that the ATC operator only announced 

the abnormal behavior of the tested module, and 

that the antenna of the ground station is located at 

CYHU, the results of FT#21C (25-Oct-2017) and 

FT#23C (9-Nov-2017) can be found in Figure 17 



and Figure 18, respectively. Meanwhile, the 

statistical results of these two flights can be found 

in Table 8, with the Found ratio is the percentage of 

the green period in the two Figures compared to the 

test duration.  

From these results, the following conclusions 

can be made. First and foremost, the integrated 

Transponder module functioned as intended, and its 

performance was validated, at least for Mode A and 

Mode C. In case Mode S, interrogations were also 

detected, but no replies were transmitted since the 

original Transponder of the Cessna 172 does not 

include this Mode. Secondly, the coverage distance 

of the MM-SDAR for the TMS can be up to 

10  NM. Thirdly, the information transmitted by the 

Transponder Mode C was confirmed and checked 

by the ATC operator. No errors in data transmission 

have been detected so far for the developed TMS 

module, for a total of two hours of flight testing.   

 

 

 

Figure 17 TMS results for FT#21C 

 

Figure 18 TMS results for FT#23C 



Table 8. TMS results summary 

 FT#21C FT#23C 

Range 2.1 NM 10 NM 

Detected A/C 

interrogations  
154 171 

Detected Mode A 57 43 

Detected Mode C 96 128 

Detected Mode S 1 6 

Found ratio 60% 72.7% 

Conclusion and Perspectives 

This article presents a summary of the in-flight 

performance analysis for the DME, TMS and a 

brief analysis of the ADS-B (In/Out) SDAM 

integrated into the MM-SDAR, within the extent of 

AVIO-505 project at LASSENA. In this article, 

first, the procedure to conduct a flight test for the 

MM-SDAR was presented and discussed, along 

with the solution to perform these specific tests. 

After that, an overview of the obtained results was 

demonstrated. From these results, it can be seen that 

the proposed architecture MM-SDAR offers the 

advantages of a multi-mode avionics architecture, 

in particular, the configurability and resource 

allocation. In addition, these results confirmed the 

function of the DME/TMS/ADS-B (and of the MM-

SDAR in general) in flight test conditions. Even 

though the performance of these SDAM still needs 

to be improved in certain categories, the SDAR 

architecture is apparently compatible with the 

current-in-use corresponding avionics (both on the 

airplane and ground facilities) and can be the key 

for further enhancing the RF avionics in the future. 

Besides the DME/TMS/ADS-B discussed in the 

article, the performance of other SDAM, in 

particularly Adaptive Coding and Modulation WBR 

[12, 13] and Secure ADS-B [11, 17] are also 

promising and will be presented in the future.  

The results from these flight tests also revealed 

the shortcomings of the current systems, most of 

which stem from the High Power RF front-end, 

particularly the RF isolation and the switching 

control. In fact, on the one hand, it is reasonable to 

believe that a High Power RF front-end with better 

RF isolation can further improved the performance 

of the system, since it will minimize the effects of 

the high power transmission to the sensitive 

reception. On the other hand, a switch with a faster 

timing response can also be a practical upgrade, 

since it will be compatible with the TMS, hence 

improve the performance of this specific module. 

These enhancements will undoubtedly increase the 

coverage and accuracy of the SDAM in flight test, 

hence make sure that the proposed MM-SDAR can 

be comparable with the current-in-use conventional 

and commercial avionics. In addition, switching 

from a 12-bit ADC to an ADC with better 

resolution can be also a good option, since it will 

increase the sensitivity and also the dynamic range 

of the SDR platform, thus, the MM-SDAR as well.  

Another interesting and more efficient solution 

to further increase the integration level of the RF 

avionics based on SDR is the application of DRFS 

architecture. As first discussed in [19], and then 

performance and features presented in [20-23], the 

DRFS avionics approach not only can meet the 

MOPS of the corresponding preliminary targets 

VHF CNS avionics, but also offer undeniable 

advantages compared to the current RF avionics 

architecture. With the relentless evolution at this 

time of the high resolution/high speed ADC, it is 

reasonable to believe that eventually, a DRFS 

SDAR architecture could cover all of the avionics 

bands. This optimum approach will, therefore, open 

the door to compact low cost multi-mode SDAR not 

only with the IMA architecture of international and 

business aircrafts but also with new rising 

applications such as long rang UAV and Drone 

Taxi. 
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