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In a near future, unmanned aircrafts, remotely piloted aircrafts and all sorts of flying devices that depend on digital communications will crowd the skies.

Traffic management based on voice communication will no longer be enough to maintain the safety levels required and, in addition, un-surveilled airspaces will not be suitable for these future flying devices that today are in their early days.

Automatic Dependent Surveillance -Broadcast (ADS-B) is a well-known technology, internationally standardized and recognized as a cheap way to achieve radar like surveillance over places where the conventional radar surveillance is not appropriate, and, depending on the configuration, regarding coverage, quality of the information and data update time, ADS-B is better than radar.

The Department of airspace control (DECEA), Brazilian air navigation regulator and service provider, detailed an airspace conceptual development program, called SIRIUS, aligned with the South America (SAM) regional implementation plan and the Global Air Navigation Plan (GANP) from the International Civil Aviation Organization (ICAO), that envisage the future of the air navigation services infrastructure in Brazil including the strategy of ADS-B`s implementation.

Annually, DECEA updated its sectorial planning, and in the last version of December 2020, the ADS-B implementation is detailed, reinforcing the priority for the SIRIUS`s infrastructure projects and counting with the experience and knowledge of the results of the first ADS-B OUT airspace implementation case in Campos Basin, the recent deployment of the global satellite-based ADS-B and the international ADS-B OUT equipage mandates in the United States of America (USA) and Europe. This technology implementation means the introduction of new surveilled airspace configurations and new operational capabilities that will have to be acknowledged by the aeronautical community.

The DECEA regulation must provide adequate processes for the air traffic surveillance services and the regulation set by the Brazilian Civil Aviation Agency (ANAC) must provide adequate processes for civil aviation operations in a way to cope with this evolutionary step, upgrading concepts and adjusting procedures.

In this way, aiming to contribute to strengthen the regulation that gives support for the ADS-B OUT implementation in Brazil, this internship work concluded that 15 regulatory improvement propositions were necessary and those were outlined and sent to be an input for the responsible institutions. This is not a lonely task, it requires human contact and collaboration to be initiated, carried on and finished and, although I have leaded and written this work, this is a result achieved by many who helped to undertake this journey and for whom I owe my sincere gratitude:

 ANAC, for providing the conditions to attend to such a constructive learning opportunity;

 ENAC and SAC/MINFRA representatives that were with us in the several phases of the course and helped to accomplish this learning experience;
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Introduction

Throughout the history of air transport there were several crises and all of them were outbraved. This is a resilient industry. Current downturn due to the COVID19 Pandemic is certainly the most pungent one, nonetheless, even this one, will be part of the history of the ever-evolving air traffic industry.

Lessons are being learnt in these hard days and for sure will result in technological, operational and economical upgrades that will foster the flights once again. It is imperative to keep studying and seeking for improvement to mitigate the damages of these times.

In this sense, this Automatic Dependent Surveillance -Broadcast (ADS-B) implementation study was built considering that, even after this crisis, it remains as an enabling technology for the future of the air traffic.

This text, that is a requirement for the completion of the course "Mastère Spécialisé Air Traffic

Management", is the result of the internship realized in the Brazilian Civil Aviation Agency (ANAC), which major objective was to identify improvement possibilities in the Brazilian regulation regarding the implementation of ADS-B OUT.

The internship took place from April 2020 until August 2020 and followed planned steps envisaged to achieve its primary objective.

Initially, to better comprehend the subject, was performed a review of the available literature, identifying its historical aspects and current status. Knowing that the International Civil Aviation Organization (ICAO) carry out an effort for the planning and development of the air navigation systems worldwide, which is the Global Air Navigation Plan (GANP) (ICAO, 2019), this was the major source of information to identify future trends for the ADS-B OUT technology.

As part of the GANP methodology, the regional offices elaborate its strategies considering its particularities, and the South America Region (SAM) has a plan and a working group addressing ADS-B

OUT implementation in the region, that were assessed to identify the regional aspects. Also, the contracting states plan their air navigation developments aligned with the global and the regional plans, and in Brazil, the Airspace Control Department (DECEA), a branch of the Brazilian Airforce that is responsible for the regulation and the provision of air navigation services and related infrastructures, established a conceptual plan named SIRIUS [START_REF] Decea | Concepção do ATM nacional (DCA 351-2)[END_REF], which is the base for the whole national airspace development and was the primary source of information for the assessment of the Brazilian ADS-B OUT implementation strategy.

Considering that the civil aviation regulation in Brazil is provided by ANAC, and DECEA, assessing information from both institutions was critical to identify the current status of the regulation regarding the subject. After that, preliminary hypotheses of regulation improvements were proposed.

As a strategy to qualify and strengthen the identified preliminary hypotheses of regulatory improvement, three methodologies were used: experts survey, benchmark and case study.

Experts from different institutions were consulted about the preliminary hypotheses and additional aspects that they would add for the discussion. For the benchmark, three countries ADS-B implementation status and their respective regulations were assessed, looking for key aspects that may be an influence for Brazilian case. Once there is a successful implementation case of ADS-B OUT in Brazil, that was carried out in the TMA Macaé, its aspects and lessons learnt were also considered as an important source of information for the objectives of the work.

The final step was the consolidation of the hypotheses, based on the gathered information, in a set of propositions to be submitted for the formal regulatory improvement process of ANAC and DECEA.

Chapter 1.

General context 1.1 Internship

This internship work is part of the requirements for completing the course "MS ANM18 -Mastére specialisé -Air Navigation Management" offered by Ecole Nationale d'Aviation Civile (ENAC) in partnership with the Civil Aviation Secretariat (SAC / MINFRA).

Internship Host entity -Brazilian Civil Aviation Agency (ANAC)

Created in 2005, the civil aviation agency in Brazil (ANAC) is responsible for the regulation, inspection and certification of aircraft, companies, manufacturers, aircraft maintenance organizations, aerodromes, schools and civil aviation professionals. The government agency works to ensure civil aviation safety and security and to improve the quality of services, fostering a competitive market.

Its vision is: "Our vision is to be a reference in safety promotion and development of Civil Aviation.".

And its mission is: "Ensure safety and excellence in Civil Aviation." Its structure is shown in Figure 1.

The work herein is mostly related with the subjects carried out by two of ANAC's departments:

Department of Airworthiness and Department of Flight Standards.

Figure 1 ANAC's organizational chart (ANAC, 2021)

Objectives of the internship

The ADS-B technology is a subject mostly under DECEA regulation scope, although there is an intense interface with ANAC regulation and those must be aligned in a way to provide adequate framework to ensure the safe and efficient use of the technology in the Brazilian airspace.

Once the implementation of ADS-B infrastructure is ongoing and has a predicted deadline for the year 2025, probably there is much effort to be done in terms of regulation development.

In this context, this works aims are:

 Assess the current status of Brazilian ADS-B implementation plan;

 Assess Brazilian regulatory framework that gives support for it;

 Identify regulatory improvements to foster ADS-B implementation and use.

Technical interest of the internship subject

ANAC is continuously developing its regulatory documents and keep an agenda, publishing to the general public of the civil aviation community the issues to be upgraded. The discussion about ADS-B

has not been addressed directly on the agenda yet, and, considering that the implementation plan carried out by DECEA is evolving and may achieve its results by the end of 2025, this would be an important topic if relevant improvements are identified.

The Department of Airworthiness and the Department of Flight Standards were responsible for the recent upgrade of the document RBAC 91 which defines the general rules for civil aviation in Brazil regarding ANAC's regulation scope, so it is an interesting opportunity to work with the Department of Airworthiness and the Department of Flight Standards representatives and to contribute to the ANAC's regulatory process.

Internship team and resources description

The internship mentor, João Marcelo de Castro Monteiro was manager in the Airworthiness department of ANAC with experience in the field of surveillance technologies and keep professional interface with DECEA representatives.

During the internship, he has moved to a new position of Director's Advisor also to contribute with its broad experience in the field of Airworthiness and Air Navigation.

All office infrastructure required was provided by ANAC, including the home office internet resources during the isolation period.

The support of ANAC's Library was fundamental. It is a civil aviation content specialized library connected with a net of libraries, including DECEA library, and provided access to important reference documents.

Also, must be mentioned the institutional support provided by the Human Resources Department that oriented about the necessary requisites and the ENAC -SAC course coordination that provided the required orientation all along the internship phase.

Chapter 2.

Student introduction

I am a 44 years old engineer, married and father of two boys, with more than 15 years of experience in the area of Civil Engineering in the management of quality, environment and safety in civil construction, including refinery, pipelines, seaports, airports and real state buildings.

After that, about three years ago, I started to work in the civil aviation regulation. Recently I have published an academic article entitled "Potential impact of runways expansions" about the situation of all Brazilian aerodromes regarding its runway lengths and the possible operational gains that would be brought investing in its extensions.

Graduated in

Chapter 3.

The way to address the internship subject

Problem to be solved

Based on the subject that is to identify possible regulatory improvements regarding ADS-B OUT implementation in Brazil, the problem to be solved was the identification of hypothetical gaps that may exist in the Brazilian regulation considering the evolution of the airspace with the implementation of the ADS-B OUT.

Initial approach

Once the problem to be solved was defined and the objectives were set, but before the establishment of the internship plan, a preliminary exploratory research was made, based on conversations with ANAC professionals and on the assessment of archived documents. This phase was carried out to obtain the context information that was necessary to establish a plan for the whole internship. This step results allowed the definition of the internship plan, including the methodological choices and the schedule, that is represented in the Gantt Chart of Figure 2. 

Methodological choices

To achieve the work objectives, it was necessary to better understand the technology and its overall aspects, identify the regulation origins and assess the existing documents, identify ongoing discussions and regulatory trends regarding the subject and also to check factual results achieved so far. This information assets would allow the analysis and the proposition of possible regulatory improvements.

So, the methodologies adopted were bibliographic review; preliminary critical analysis; expert's opinion survey; international benchmark; case study and regulatory improvement propositions. Those are described in the items that follows.

Bibliographic review

A bibliographic research comprising the technology fundamental concepts, the international standards, the existing regulation in Brazil and the status of the Brazilian implementation efforts, was performed to ensure the required knowledge. After the technical review of the ADS-B technology was made, once the source of Brazilian civil aviation regulation is concentrated in two institutions that are DECEA and ANAC, two lists of possible subject related documents were built (Annex 1 and Annex 2).

These two lists were analyzed looking for direct references to the theme and identifying possible regulatory processes that would be applicable to the context.

Preliminary critical analysis

A preliminary critical analysis was made, rather deductive and qualitative, considering the information acquired on the previous step, aimed to identify hypothetical regulatory improvements.

The products of this analysis were the inputs for the next steps of the study that were carried out simultaneously and acted as a refinement process for the initially identified hypotheses.

Expert opinion survey

Considering that there are several experts in strategical positions regarding the Air Traffic Management (ATM) and its technological developments, including the national ADS-B implementation strategy, a part of the multi-methodological approach of this work was the expert opinion survey.

To carry out this survey was utilized a semi-structured interview process, where a form (Annex 3) was previously elaborated, based on the hypotheses identified so far, and sent to the designated professionals prior to a direct on-line call.

Experts, that are in decision making positions in SAC, ANAC, DECEA, INFRAERO and in private companies were contacted. The received information was consolidated in a text organized accordingly to the original discussion themes.

International benchmark

Knowing that ADS-B is implemented in several airspaces around the world, international cases of airspaces with ADS-B were selected as references, to compare their regulatory solutions with the national standards and the hypotheses identified so far.

Case Study: TMA Macaé

The first implementation case of ADS-B in the Brazilian airspace, that is in Campos Basin airspace, has been completed in 2018 and is operational since then, so the knowledge generated is an important input for any developments to come. Aiming to consider this reality facts to strengthen the regulation improvement hypotheses, a case study was made.

To perform this case study, technicians, pilots and ATCOs were interviewed using previous defined papers (Annex 4; Annex 5) to prepare for on-line meetings along with a documental review of the case.

It is important to mention that an authorization was issued by INFRAERO for the use of the information provided and its copy is in Annex 6.

Regulatory improvement propositions

Finally, after the previous mentioned methods, were identified a set of propositions considered necessary for the regulatory improvement with their respective objectives, way to implement and justifications. Those were presented in Chapter 9. ES as the international standard to be used. (ICAO, 2016) Australia initiated trials of ADS-B use on its airspace where there were no radar coverage and the results of these trials implied on the necessity to review the standards adopted until then.

In 2004 FAA published its TSO C 166, for the 1090MHz ES ADS-B airborne equipment and RTCA published newer versions of its MASPS and MOPS. (RTCA, 2006) Due to the development of the standards and the implementation trials timeline there are today three distinct versions of ADS-B based on 1090MHz ES in use. Although the latest incorporate solutions for problems identified on the previous ones, for instance, problems on the identification of on-theground aircrafts and problems related to the "Navigation Uncertainty Category" (NUC) reporting functionality, and so, the last one is the version to be used from now on, but it is interoperable with the other two: AIREON has validated its capabilities in 2017 realizing three separate test flights that demonstrated capability as comparable to ground-based receivers. Since then, is expanding its costumer basis over important Air Navigation Services Providers (ANSP) around the world. [START_REF] Bibliography | AIREON website[END_REF] From that early beginning ADS-B technology kept evolving (Figure 3). "ADS-B is a function on an aircraft or a surface vehicle operating within the surface movement area that periodically broadcasts its state vector (horizontal and vertical position, horizontal and vertical velocity) and other information. ADS-B is automatic because no external stimulus is required to elicit a transmission; it is dependent because it relies on on-board navigation sources and on-board broadcast transmission systems to provide surveillance information to other users. The aircraft or vehicle originating the broadcast may or may not have knowledge of which users are receiving its broadcast; any user, either aircraft or ground based, within range of this broadcast, may choose to receive and process ADS-B surveillance information. ADS-B supports improved use of airspace, reduced ceiling/visibility restrictions, improved surface surveillance, and enhanced safety such as conflict management." (RTCA, 1998) In order to establish an international standard for the concept, In ANNEX 11, ICAO defined ADS-B as:

 ADS-B ( 
"Automatic dependent surveillance -Broadcast (ADS-B). A means by which aircraft, aerodrome vehicles and other objects can automatically transmit and/or receive data such as identification, position and additional data, as appropriate, in a broadcast mode via a data link." (ICAO, 2016)

To ensure a clear understanding, it was also stated the meaning of Broadcast.:

"Broadcast -A transmission of information relating to air navigation that is not addressed to a specific station or stations." (ICAO, 2016) This datalink technology, where information is broadcasted and received for several purposes including tracking and surveillance, can be applied in different configurations and equipage levels.

Considering the possibilities regarding it, it is important to highlight the two distinct concepts: ADS-B

OUT and ADS-B IN.

ADS-B OUT is the primary capacity and is the means through which the aircraft broadcasts its information in a standardized manner. A definition was brought by ICAO in its Annex 10, Vol IV: The ADS-B OUT requires the implementation of some sort of receiving capacity to achieve practical results, that can be Ground-based, Satellite-based or ADS-B IN receiving capacity. Also, as the information is originated by the broadcasting aircraft, the amount of equipped aircraft in the airspace is critical for several ADS-B applications. So, as concluded by Scarso and Santos in its 2018 paper [START_REF] Scarso | ADS-B: Custo-Benefício para a aviação geral brasileira[END_REF], if no receiving infrastructure is provided, ADS-B OUT is not a good choice to equip an aircraft alone, otherwise, to equip the aircraft in an implementation context will provide several benefits, and thus explains why USA, Asia and Europe are carrying out huge efforts with this objective.

"
The diagram in Figure 5 summarizes the ADS-B system considering the 1090MHz ES standard and today available receiving possibilities. 

Main characteristics of ADS-B available technology

Considering the 1090MHz ES ADS-B, set by ICAO as the international standard, today the major documents that establishes its characteristics are listed in Table 1. These documents establish the standard characteristics for the system in its different possibilities and configurations in a way that operational parameters and performance level requirements depends on the intended application. It is up to the ICAO contracting state to define a strategy regarding the ADS-B use and this will be the input to identify the level of infrastructure, aircraft equipage and performance of the system.

It is worth to mention the RTCA DO 242A in this subject:

"The optimum ADS-B architecture is not known. As a result, the MASPS specifies functional requirements associated with various candidate applications, without prejudice as to which applications may be supported by an ADS-B system."

(…)

"Most applications will not require the accuracy or update rate of the most demanding application. In fact, the requirements of almost all of the applications will be significantly less demanding than a fewer key applications. These key applications may also require higher integrity and certification levels than the great majority of applications." (RTCA, 2002) As common characteristics to every configuration it is interesting to highlight: I. Broadcasted information:

"ADS-B transponders broadcast aircraft parameters, such as identification (24 bit address and flight identification as per the flight plan), position (latitude, longitude and pressure altitude), three-dimensional velocity and position integrity, via a broadcastmode data link on 1090 MHz. depending on its critical levels as can be seen in Figure 6 . Nevertheless, the system architecture will have an important role in the performance also regarding update rates as stated by RTCA:

"The update rate is the effective received update rate as measured at the receiving end system application (e.g., the automation system interface by ADS ground processing), not the transmission rate of the ADS-B system." (RTCA, 2002) III.

Minimum required avionics:

 GNSS system.  Transponder 1090MHz ES.
 When in a Satellite based ADS-B system: A1 class transmitter and top mount aircraft antenna (commonly found on most commercial aircraft and private jets) (AIREON, 2019)

IV.

Minimum required infrastructure:

Simple antenna and receiver connected to communication links that deliver the information to the situation display which shows it in a similar manner to radar. (ICAO, 2012) Effective coverage area for a ground-based ADS-B system is often less than 250 nautical miles (NM).

(CANSO, 2016)

The Satellite based system does not require specific ground infrastructure and it also does not have line of sight dependency. The information is delivered by the satellite system company to a delivery point specified by the ANSP (AIREON, 2019).

V.

Minimum surveillance capabilities

Separation of five nautical mile (5 NM) minimum, subject to certain conditions being satisfied. (ICAO,

2012)

Extension of surveillance coverage for low altitudes. (ICAO, 2012)

VI.

System drawbacks and counter measures (Table 2) [START_REF] Weigang | Simpósio de transporte aéreo -Trabalhos apresentados ao XVIII SITRAER[END_REF] ; Backup systems.

ADS-B technology applications

Several applications were proposed by RTCA in its document RTCA DO 242A (2002) as near term possible applications, detailed in its appendix D, and are summarized in Table 3. Also, in the Doc 9750 (ICAO, 2019) were listed applications that can be benefitted by ADS-B and others that require ADS-B. Among the ADS-B based applications, some were identified as ready to be implemented, curiously all of them are Cockpit applications. These are listed in Table 4.

Table 4 ADS-B based applications identified on GANP -Doc 9750 (ICAO, 2019)

Cockpit applications

During the flight ACAS-B1/1: ACAS Improvements. ASUR-B0/1: Automatic Dependent Surveillance -Broadcast (ADS-B). CSEP-B1/1: Basic airborne situational awareness during flight operations (AIRB). OPFL-B0/1: In Trail Procedure (ITP).

Approaches and departures CSEP-B1/2

Visual Separation on Approach (VSA).

On Airport Surface SURF-B1/2: Comprehensive pilot situational awareness on the airport surface. Looking the recent GANP 2019 update (ICAO, 2019) and considering only block 0 until block 3, that finishes in 2035 and whose details are widely described in the document, there are 66 modules, and from these, about 29% require or will be benefited by the implementation of ADS-B.

These impacted modules are scattered over the 22 threads of the document in a way that 5 threads will require ADS-B and 4 will be benefited by ADS-B in its development (Figure 7). The module ASUR B1/1 that addresses space-based ADS-B, identifies its status as "Standardization required", that is a final step to its development.

Figure 7 ADS-B as an important enabler for GANP ASBU (Adapted from ICAO, 2019) Modules where at least one element require ADS-B.

4 3 2

Modules where at least for one element ADS-B is beneficial.

3 1

Modules where no element mention ADS-B. Summarizing the GANP information regarding ADS-B, it can be said that, implementation of the ground-based ADS-B is available, space-based ADS-B is about to be and the technology standards are still evolving. About the ADS-B applications, its major uses are related to Cooperative Separation, followed by Collision Avoidance, Situational Awareness and Meteorological information.

Considering the already increasing number of initiatives on the development and use of RPAS and UAS, an important detail of the GANP regarding ADS-B also must be mentioned, that is its use for the separation of RPAS and UAS as envisaged in modules ACAS-B2/2 and CSEP-B3/2.

Additionally, in a study conducted with the objective of assessing collision risks between remotely piloted aircrafts and manned aircrafts on controlled airspaces, ADS-B was considered among the major surveillance resources to provide the necessary collision avoidance capabilities. [START_REF] Monteiro | Análise de risco de colisão para aeronaves remotamente pilotadas em espaço aéreo controlado[END_REF] 4.2 ADS-B technology implementation

Regional plan status

In the multilayered structure of the ICAO GANP (Doc 9750) (ICAO, 2019), the third layer is the Regional level, where the regional offices shall establish its development plans for air navigation considering its specific aspects and priorities.

The SAM regional office defined the "Air Navigation System Performance-Based Implementation Plan for the SAM region" that includes the ADS-B implementation objective as well. The strategy for ADS-B implementation foresees that it will cover en-route areas and terminal areas, encompassing users and service providers and will be concluded until 2023. (ICAO, 2017)

In the 2019 meeting of the SAM regional office, in the session of follow up of the ADS-B implementation in the SAM region, the achieved results in each contracting state were presented and are summarized in the Table 5. (ICAO, 2019). 

SAM region

Analyzing possible S-ADS-B for the whole regional airspace.

The study about the feasibility and convenience of regional use of space-based ADS-B was presented and approved in the 22 nd SAM meeting. It concludes that it would be possible to distribute the signal via the SAM region digital network (REDDIG) in a costly efficient manner:

"2.3.2
The study concludes that the use of the satellite-based ADS-B system in the region is feasible due to its coverage, response time in the information transfer process or latency, and availability of information, for en-route airspaces above 10,000 feet, which was the airspace analysed in this study.

2.3.3

The following benefits of a regional implementation are identified in the study: and continental area of 8,514,877.00km 2 , although it invites the representatives to review the presented data, so the preliminary achieved results are presented for comparison in Table 6. The project for the regional implementation of Satelite-based ADS-B in the SAM region kept evolving and was discussed in the 24 th meeting (Lima, Peru, 4 to 8 November 2019) and also in the 25 th meeting (Lima, Peru, 2 to 4 November 2020), where a convenient system topology was chosen (Figure 8) and the implementation costs identified (Table 7) (ICAO, 2020).

Figure 8 SAM SB ADS-B configuration as proposed in the SAMMIG 25th meeting (ICAO, 2020)

Table 7 System costs -SAM regional implementation of SB-ADS-B using REDDIG 2. (ICAO, 2020)

Non-recurring costs

Installation of the direct communication link between AIREON and the States USD 2,000.00;

Installation of the service delivery point (SDP) USD 175,000.00

In-Service Acceptance Tests (ISAT) USD 100,000.00 installation of the point of presence (PoP) of the telecommunications provider (MPLS) USD 2,000.00 (1) (1) This value depends on the network infrastructure available in each country.

Recurring costs

Contracting of the redundant 2 Mbps MPLS link between AIREON and the States USD 15,000.00 / year

National plan status

In Brazil, the Command of the Brazilian Air Force (COMAER), via its dedicated branch that is the Department of airspace control (DECEA), is in charge of the navigation, communication and surveillance resources required for the air traffic management as well as its regulation and development.

The existing surveillance is based on Primary Surveillance Radar (PSR) and Monopulse Secondary Surveillance Radar (MSSR), with up to 84 stations providing signal to cover the continental airspace as illustrated in Figure 9. (ICAO, 2017). This is a remarkable step that proves that the technology was fully acknowledged and can be applied, overcoming the huge difficulties inherent of initial implementation phases of a new technology.

Until 2017, as presented in the SAM meeting, the Brazilian ADS-B implementation plan foresaw the installation of ADS-B for low altitude on oceanic basins and the installation of 62 ground stations to cover the continental airspace with 04 priorities: ATM homogeneous areas; Main air traffic flows; RTCA DO 260, 260A and 260B. Also, it envisaged that it would be done until 2021 and without mandate, divided in 04 phases as can be seen in Figure 10. Additionally, Brazil and AIREON technical cooperation also addressed a two phase plan whose goal is to assess the performance of the system in the Brazilian airspace, analyzing parameters such as: accuracy; latency; update time span; positioning errors; availability; continuity; and also the evaluation of different antennae configuration, amongst others. This plan is expected to be in its final steps, but its results are not available yet (Fagundes, 2020).

In December of 2020, DECEA published its updated sectorial plan that reinforced the priority for the infrastructure implementation projects identified on SIRIUS Program and, as one of them, the ADS-B implementation project, that is addressed in several planning instances inside the sectorial plan.

(DECEA, 2020).

A specific directive issued by the COMAER to the DECEA addresses ADS-B implementation, as copied in Table 8. It is also addressed in some of the DECEA sub-sectorial directives for its sub-departments as copied in Table 9. There is a defined sectorial contribution goal addressing ADS-B implementation:

"Goal: M180400.CEA00.C190300 -Brazilian airspace surveillance improvement -Implement new technologies to detect cooperative and non-cooperative targets, to improve the operational safety in the flight transfer between subsequent ACCs, in line with the Project "SAM region automation" -PFF011."

Target: 100% implementation of the new technology for cooperative and noncooperative targets in the SISCEAB until 2025.

Indicator: Percentage of new technologies implementation % = Amount of new technologies implemented / Total of new technologies Projects: 1) VIG02016 -Implement ADS-B system; and 2) VIG02019 -Contract the Satellite Based ADS-B surveillance service" (DECEA, 2020)

In addition, the ADS-B implementation is detailed in strategic projects, one containing 4 phases, the other with one phase and a third one with two phases as shown in Table 10. Summarizing, it is possible to observe that the ADS-B implementation strategy was reinforced in the sectorial plan and that now it incorporates the implementation of the satellite-based ADS-B and, as initially envisaged in the SIRIUS Program, in the continental airspaces, en-route, TMA and also on airports, it will be the primary surveillance system along with MSSR or WAM as alternatives.

The plan also includes an Annex with the annual cost estimates, although the implementation and operational costs for the ADS-B implementation are not clearly established. The information provided is: "CISCEA -Implement Space Based ADS-B system -R$ 23,045,000.00". (DECEA, 2020) 

Ministry of infrastructure

ANAC -Brazilian civil aviation authority that regulates and inspects civil aviation activities and airport and aeronautical infrastructure. ANAC is linked to the Ministry of Transport, Ports and Civil Aviation. The Agency is not hierarchically subordinate to the Ministry and it has administrative independence, financial autonomy and fixed mandate for its directors." (ANAC, 2021) Two of these institutions are of major importance for this work once they complement each other in terms of defining regulation for civil aviation, those are DECEA and ANAC. Regarding ADS-B technology, once DECEA is the Brazilian ANSP and also the ATS regulator, it sets almost all the regulation.

Nevertheless, there is a regulatory interface with ANAC when it comes to airworthiness and flight standards.

DECEA regulation regarding ADS-B

The standardized documentation through what the DECEA aeronautical regulation is set and published is organized in several document types with specific purposes that can be grouped in two segments to ease comprehension, as can be seen in Table 11. The DECEA responsibility and scope are well defined in the standard NSCA 351-1 "Brazilian Airspace Control System", and there is defined the acronym SISCEAB which refers to the management and control system of the Brazilian airspace which DECEA is in charge of (DECEA, 2010).

The DCA 351-2 "National ATM operational concept" describes the technological basis of the SISCEAB and its expected evolution. This document is the fundament of the SIRIUS Program, which is the Brazilian conceptual plan for the development of the ATM. (DECEA, 2011)

ADS-B subject is mentioned in some documents that can be summarized as follows:

 DCA 351-2 "National ATM operational concept":

In this conceptual plan, ADS-B is pointed as a major surveillance service required for en-route continental airspace, terminal airspace and aerodrome surface.

The evolution scenarios envisaged in this plan also detail the important role of ADS-B in the SISCEAB and state that it will substitute part of the radar based surveillance, reducing the system overall costs. It will cover the whole continental superior airspace, selected portions of the inferior continental airspace, selected TMA and aerodromes.

In dense areas there will be double coverage to avoid unavailability issues.

Also, ADS-B IN is seen as a future technology to be applied as part of the Airborne Surveillance System (ASAS).

It is important to note that the radars will be kept in a reduced scale, in comparison to today system, with the objective of serving unequipped users and being an alternative surveillance system.

The document also indicates that ADS-B can be used for aerodrome surface monitoring in selected aerodromes (DECEA, 2011).

 ICA 100 31 "Air Traffic Services Requirements"

This standard defines some conditions for the use of ADS-B as an ATS surveillance service including separation. As written in ICA 100 31, to use ADS-B as an ATS surveillance service three conditions must be satisfied: trustable coverage on the area; detection, accuracy and integrity are adequate; aircraft data availability is adequate. (DECEA, 2017)

 ICA 100 37 "Air Traffic Services"

In a more objective way, in the standard ICA 100 37 "Air Traffic Services", parameters are defined for the use of ADS-B applications. (DECEA, 2019)

In its item 4.3.12.12 it defines that ADS-B -In Trail Procedure (ITP) can be used for distance based longitudinal separation if DECEA publishes an Integrated Aeronautical Information Publication (IAIP) for the airspace with the specific ITP procedure. It also defines some parameters and conditions limiting the ITP maneuver.

Still, in its item 4.3.13 it is acknowledged that the horizontal separation minima can be modified if adequate aircraft position information is provided by an ATS Surveillance.

In item 11.2 "ATS surveillance system utilization" it acknowledges that the controller can use either Primary Surveillance Radar (PSR), Secondary Surveillance Radar (SSR) or ADS-B information.

Although in its item 11. Also, there is the document PCA 11 129 "DECEA Sector Planning" that is the update planning for the SISCEA development and, it defines the future for ADS-B amongst all other SISCEA complex infrastructures and was discussed in item 0 of this work.

ANAC regulation regarding ADS-B

Fifteen years ago, the Brazilian federal government decided to create the Civil Aviation Agency (ANAC)

to replace former Department of Civil Aviation (DAC). This new regulation authority was aimed to regulate and inspect civil aviation activities as well as aeronautical and airport infrastructure in Brazil.

In this sense, the civil aviation regulation scope is composed by DECEA regulation (item 4.3.2) and ANAC regulation.

The responsibility of the agency, as extracted from its web site, is the regulation, inspection and certification of aircraft, companies, manufacturers, aircraft maintenance organizations, aerodromes, schools and civil aviation professionals. (ANAC, 2021)

Roughly, it can be said that, in terms of regulation, DECEA is in charge of airspace management, communication, navigation and surveillance, its related personnel, equipment and infrastructure and ANAC is in charge of civil aviation operations, its related personnel, equipment and infrastructure.

The ANAC regulatory documental structure was set by Resolution Nr. 030 of 2008, which established three types of documents (Other types are still available and are reminiscent from the past and will timely be replaced):

1. RBAC -Brazilian Civil Aviation regulation 2. RBAC E -Special Brazilian Civil Aviation Regulation 3. IS -Supplemental instruction.

The RBAC addresses directly ICAO subjects, the RBAC-E addresses additional important subjects and the IS details the requirements defined in the previous two types when needed. (ANAC, 2008) In a first glance it seems that ADS-B, that is a surveillance technology, is only a DECEA subject, otherwise there is an important interface with ANAC when it comes to ensure that the civil aviation community operate safely and efficiently within the available airspace and its supporting technologies. Once there is no specific document addressing ADS-B systems, the general regulation shall be enough to ensure that it is safely installed and operated.

The basic framework for the whole ANAC regulation is set by the RBAC 91 EMD 01 "General requirements for civil aviation" and, according to each operation specificity or regulation subject, the detailed complementary rules are set in specific RBAC. (ANAC, 2019)

Among other characteristics, the basic framework defines major elements that will ensure the safety of the flights, some of these were highlighted in Table 12. To be operated an aircraft shall have the equipment and instrument specified by the regulation and those shall be operational, adequately inspected, calibrated, weighed and sealed as applicable. Subpart C "Equipment, Instrument, and Certificate Requirements" 91.215 -"Transponder and altitude automatic transmitter" When the kind of operation or airspace requires, the aircraft must be equipped with a TSO approved transponder.

Subpart E "Maintenance, preventive maintenance and alterations" 91.403 -"Required maintenance"

The operator or the proprietor is the responsible for the aircraft airworthy conditions conservation. The aircraft shall have a maintenance manual defining components replacement time. Process details on RBAC 43. Subpart E "Maintenance, preventive maintenance and alterations" 91.413 -"Transponder inspection and tests" A transponder shall be submitted to maintenance and tests whenever necessary.

Considering the application of these requirements to the ADS-B system, it is possible to say:  Whenever the airspace requires, the specific transponder equipment shall be provided.

 A transponder and its installation shall be compliant and will be checked with respective TSO.

 The aircraft manual (AFM/AOM) shall describe the ADS-B equipage, its capabilities and limitations, including its enabled operational possibilities.

 A pilot must know the aircraft manual, including the ADS-B details.

 The ADS-B equipage shall be submitted to the necessary maintenance and inspections routine.

It is important to observe that the RBAC 91 instructions are aligned with USA Code of Federal Regulations -CFR, Title 14, Chapter I, Subchapter F, part 91, that is called General Operating and Flight Rules, which is the normative where the ADS-B mandate requirements were set, more specifically in items 91.225 and 91.227. (USA, 2020) But, in the Brazilian normative, the correspondent items were marked as reserved and no requisite was established.

Chapter 5. Preliminary critical analysis

Based on the assessed regulation, a critical analysis was performed aiming to identify possible regulatory improvement themes to be discussed further in the subsequent steps of this work. These are listed here with its respective argument.

 New kinds of airspace with surveillance Today, there is only one kind of ATS surveillance in Brazilian continental airspaces that is based on radar, the rest of the airspace has no ATS surveillance and the oceanic ADS-C was treated as a special case. So, it was not necessary, until now, to discuss within the regulation the use of one or another surveillance equipment during a flight, the preparation to do so and possible impacts it has over the navigation parameters on that specific airspace, for instance the separation standards to be observed.

In a near future, there will be different continental surveilled airspaces, those are RADAR, RADAR + ADS-B, ADS-B and Airborne ADS-B only. Although the regulatory framework seems good enough to ensure safe operations in this near future, it should be upgraded to ensure better understanding and uniformity under this new condition, and for that, surveillance concepts and its different configurations that will exist in the Brazilian continental airspace shall be discussed.

 Transponder standard and other types restrictions

It is known that there is an ICAO recommended standard for the ADS-B transponder to be used internationally, although there are 05 possible existing configurations and as informed in the GANP (ICAO, 2019) a 6 th is being developed. The regulation is not clear about what is the required model in Brazilian ADS-B airspace and, also, how shall the other types equipped aircraft behave when entering Brazilian ADS-B airspace.

 Expected capabilities and corresponding requirements and limitations

It is not clear what are the expected ADS-B applications that will take place in the future Brazilian ADS-B airspaces and this is the input to define the performance requirements and limitations for the system including the airborne equipment.

 Fleet equipage

There is not an ongoing effort to achieve a higher fleet equipage level and this is a problem for several applications.

Whenever an aircraft has a different equipage level it limits its capability to see and be seen and, depending on the capabilities in use in the airspace, this may be so critical that the installation of complementary systems as Automatic Dependent Surveillance -Rebroadcast (ADS-R) are solutions already adopted in other countries. There is no instruction about how this situation will be treated.

Another concern is the capacity of the Brazilian maintenance workshops to perform the ADS-B equipage implementations and the capacity of ANAC to check its compliance as required.

 Specific objectives ADS-B implementation

Safety and capacity gains are associated with implementing ADS-B near aerodromes or helipads and even to monitor the ground movement. Although there is no information if this is being carried out somewhere and there is no orientation on how to do so. A private company, for instance an Airport private operator or an Off-Shore company could invest to implement such system, although there is no resource available to ease these solutions.

 Airport concession agreements as an opportunity

Throughout the subsequent rounds of concessions realized by the Brazilian Federal Government, the contracts evolved. In the first version, the TWR operation was also included in the operator duties, although that has shown to be an economic disadvantage, once that was not adequately remunerated.

In the fifth round were introduced some new aspects, aiming at safety of the operations, that included some navigational instruments implementation in the contract scope, those were the PAPI implementation and de improvement of the runway in a way to operate IFR NP flights.

In this way, once the contracts seek for safety and capacity enhancements for airports, it would be an opportunity to introduce an obligation of ADS-B installation at the airport, considering the ground operations and the TWR surveillance capacity upgrade, maybe even the APP, and that, for sure, will result in higher safety level and also capacity gains at low costs.

 Space based or ground based

The Space Based ADS-B is expected to achieve a performance better than radar although worse than the ground-based ADS-B in most cases, if the appropriate infrastructure is provided. This may impact the applicable capabilities and results achieved. It may be useful to set ground-based infrastructure on specific locations, like near airports or on a crowded TMA.

 Amplified surveillance objectives

The planed objective is to replace the radar surveillance as the primary source and to complement the surveillance in airspaces where radar coverage is not available. The extension at which this ampliation of the coverage will be done is not clear. For instance, will all the inferior airspace become surveilled by ADS-B?

This is an important information to be defined as to prepare the whole community and to dimension the required efforts for implementation.

 ADS-B for RPAS and UAS to allow shared airspace

New technologies like RPAS and UAS are more dependent of a well surveilled airspace to avoid collisions, once they lack the visual capabilities of a manned aircraft amongst other inherent issues.

Thou, it would be a strategy to provide ADS-B surveillance in a way to prepare for a future shared airspace. Nonetheless, the requirements for RPAS so far do not define obligations regarding surveillance technology.

Chapter 6. Expert opinion survey

A semi-structured interview process was carried out with 6 experts, 1 from INFRAERO, 2 from private companies, 1 from DECEA and 2 from ANAC, that are in strategic positions regarding the subject and have experience in the Brazilian ATM development. Other 5 experts were contacted but did not answer in time.

The objective was to obtain additional knowledge that would confirm or contradict the hypotheses identified in the previous step and, if was the case, add new hypotheses.

Comments were acquired for all the proposed themes, although it is important to mention that some of the experts do not commented part of them, keeping the conversation restricted to their own experience field. For professional reasons, their identity was preserved.

The information gathered in the interviews was organized and consolidated in a summarized text according to the original themes, as follows:

 New kinds of airspace with surveillance

The system to be implemented should automatically identify the best signal in each phase of the flight and provide the information in a seamless manner, to the controller and to the crew.

 Transponder standard and other types restrictions

The 1090MHz ES used in Campos Basin may be the standard, once DECEA is already using it and it is an international standard. More systems aggregate complexity to the implementation.

 Expected capabilities and corresponding requirements and limitations

Implementation should seek for cost efficiency. Where radar coverage is already provided, a condition would be the radar decommissioning after the implementation. Primary radars are a sovereignty concern and shall not be deactivated. ADS-B should be prioritarily used to extend the surveillance coverage where radar coverage is not provided. Oceanic basins will be highly benefited by the ADS-B once the off-shore traffic is intense and today there is no surveillance system.

 Fleet equipage

The airlines will be equipped, once the new aircrafts are already equipped and the international mandates also enforces them to do so. Cargo operators may be a problem due its aged fleet and the general aviation may be an even greater challenge.

 Specific objectives ADS-B implementation

The surveillance extended coverage to low altitudes at the oceanic basins, where the off-shore movement is intense, is a specific objective to be carried on. For airport surface it would be another option the utilization of the ADS-B signal with a multilateration to provide surface surveillance, it would eliminate the ground interrogator antennae necessity. It must be analyzed the amount of airport users that are adequately equipped. The movement in Brazilian airports is not so intense as Europe or USA, thou safety would be the only concern to define whether to implement ADS-B in a specific site.

 Airport concession agreements as an opportunity

Usually air traffic management infrastructure is not part of a concession agreement and, for specific cases, it probably would be beneficial to include DECEA in the initial consultation processes.

 Space based or ground based

A combination will be required. There are specific situations where to benefit from each kind. The conditions that will define the extent to use one or another depends on the result of tests that are still ongoing. Installation feasibility, quality of the signal, redundancy and safety justify the use of both systems.

 Amplified surveillance objectives

A phased approach may be a solution. To require ADS-B for the upper airspace would be interesting as a first step but have to consider that part of the South American Fleet may be not equipped. The extension to lower airspace and others, where there are smaller airplanes and private aircrafts would come in a latter phase. Implementations for achieving specific results as in the Campos Basin may still be undertaken. The philosophy of the implementation should be "best equipped, best served", offer the services for whom is equipped.

 ADS-B for RPAS and UAS to allow shared airspace

The cost may be a barrier. Field tests already achieved successful results with RPAS.

 Additional aspects regarding ADS-B:

Once the great markets are going with ADS-B, sooner or later Brazil will have to be aligned because the costs of keeping SSR will probably raise, the ADS-B will be improved and the costs for implementation and maintenance will become lower. The pandemic effects may retard any technology implementation including ADS-B in terms of years.

Chapter 7.

International benchmark

The United States of America (USA) implemented ADS-B infrastructure for their entire airspace and from January of 2020 the aircrafts shall comply with ADS-B OUT equipage rules.

Australia also uses ADS-B for its entire airspace as a primary surveillance system since 2009, so it's a mature regulation that may have achieved efficient solutions.

Another relevant country for the study is Canada, once it manages a huge airspace, has been using ADS-B since 2010 and is a pioneer in the use of space-based ADS-B.

These three states were chosen as a sample of international regulation regarding ADS-B and are discussed in this chapter. Their main aspects are summarized in Table 13. The USA set the ADS-B system as a cornerstone for its airspace. It is the primary surveillance system for the entire country airspace with a few exceptions. It is a piece of its NEXTGEN program of which The FAA has mandated ADS-B equipment for all aircraft flying above 10,000 feet, within a 30 NM radius of Class B airports at any altitude or within Class C airspace since January,2020. [START_REF] Bibliography | AIREON website[END_REF] This mandate is on and they are monitoring its compliance.

The overall design of the airspace regarding ADS-B OUT equipment requirement is depicted in Figure 13. 

ADS-B Regulatory aspects

The USA has its regulations established by law in the Code of Federal Regulations (CFR), that is composed of several parts of which some specifically addresses the civil aviation regulation. To promote a broad understanding of the regulations and to consolidate the requirements regarding specific issues, the USA Federal Aviation Administration (FAA) issues Advisory Circulars (AC).

The Technical Standard Order (TSO) is a specification document that addresses equipment installation, testing and maintenance as required to ensure its airworthiness condition since its initial installation.

In the theme of ADS-B OUT, the major documents are: (ii) The aircraft's NACv must be less than 10 meters per second;


(iii) The aircraft's NIC must be less than 0.2 nautical miles;

(iv) The aircraft's SDA must be 2; and

(v) The aircraft's SIL must be 3.

(2) Changes in NACp , NACv , SDA, and SIL must be broadcast within 10 seconds.

(3) Changes in NIC must be broadcast within 12 seconds."

(USA, 2020)

The AC 90 114 B explains the regulatory requirements applicable to ADS-B use, mentions all the rules established and that shall or should be observed. Some aspects mentioned are highlighted herein:

 ADS-B Expected benefits: To achieve a degree of aircraft equipage compatible with the envisaged system, several mandates were issued, as can be seen in Table 14 and also in Figure 15. 

 Additional tools:

o No additional services were provided (as FIS-B or TIS-B), no monitoring tool is declared used, no privacy solution was adopted.

 Exceptions:

o Exceptions require authorization that is granted under specific circumstances.

Benchmark: ADS-B regulation of Canada

Context

In Canada, aviation is regulated by Transport Canada, a ministry of the federal government and NAV Canada, that is a private company, is the Air Navigation Services Provider (ANSP).

The airspace covers vast distances, extreme climate conditions, busy oceanic areas and unique northern operations. (ICAO, 2017)

The map of the Canadian airspace coverage area and the types of airspace arrangement are respectively in Figure 16 and Figure 17. The ADS-B ground-based coverage area is shown in Figure 18.

Figure 18

Ground-based ADS-B coverage area at 33,000ft (NAV Canada, 2020)

The 1090MHz ES was established as the standard and other technologies are not in use. Equipage is not mandated, although, in the areas where the system is available, surveillance services and correspondent benefits will be provided for whom is equipped and certified. (Transport Canada, 2020) An aeronautical study was concluded on 2018 about the space-based ADS-B and it sets recommendations that are being followed in a way to achieve national space-based ADS-B coverage implementation. In this way, the space-based ADS-B implementation is being held on a three phases plan in the Edmonton airspace and also in the Gander Airspace. (NAV Canada, 2020) It is also planned to be operational in all Class A airspaces after 25 February 2021 and all Class B airspaces after 27 January 2022.

The transponder 1090MHz ES version 2 (DO 260B) standard and with antennae diversity (two antennas, bottom/up) is necessary to benefit from the system capabilities and will be part of an ADS-B Out Performance Requirements Mandate that is under development. For low level airspace a new consultation process will be realized before establishing performance requiring mandate. (NAV Canada, 2020)

ADS-B Regulatory aspects

The foundations of the Canadian aeronautical regulation are set in the "Aeronautics Act" that is followed by the "Canadian Aviation Regulation (CAR)". Standards are often used to complement the CARs instructions and Advisory Materials provide guidance in respect of a CAR or Standard. (Transport Canada, 2019) Another information source is the Transport Canada Aeronautics Information Manual (TC AIM) that provides flight crews with reference material useful for aircraft operation in Canadian airspace. It includes those sections of the CARs that are of interest to pilots, it is issued twice a year in phase with the ICAO AIRAC schedule (Transport Canada, 2020).

Today the major information regarding ADS-B regulation in Canada can be found on the document AC 700 009 e -"Automatic Dependent Surveillance -Broadcast" (Transport Canada, 2011), and some of its considerations are as follows:

 ADS-B expected benefits: o Maintenance instructions are also required, and the periodic checks of the system should not exceed 2 years. Maintenance instructions shall consider verifying the data in the transponder squitter in conjunction with transponder performance tests.

 Operators and pilots:

o The AFM or POH must contain considerations about ADS-B approval and continued airworthiness. It suggests the section "Limitations", subsection "Kind of Operation"

with the text "The installed ADS-B out system meets Section 8 of EASA AMC 20-24".

o It is required specific instruction for continued airworthiness for approval of an AFM that is EASA AMC 20-24 compliant.

o The company Operations Manual shall contain procedures related to ADS-B as necessary to ensure safety, including at least crew training.

o In the Company Operations Manual, appropriate guidance shall be provided regarding its ADS-B equipment.

 Additional tools:

o There is no ADS-B equipment monitoring in Canada in thus it is required specific instruction for continued airworthiness for approval of an AFM that is EASA AMC 20-24 compliant. 

TMA ME operational characteristics

Operations of interest of the oil activity, which is characterized by the flow of helicopters between the mainland and the oil platforms or vessels anchored in that Basin, in the ocean area, at altitudes between 500ft and 4,500ft for the transportation of persons and cargo.

Airspace

Under FL 145 over defined sectors (Figure 19; Figure 20). Available ATS Surveillance infrastructure APP-Macaé with STAR 2000 / RSM-970S PSR / SSR radar; 03 Radio Stations: Platform P-15 -RADIO Enchova, Platform P-20 -RADIO Marlim and Platform P-25 -RADIO Albacora.

ATS surveillance coverage

Radar ATS surveillance only sector 1; Conventional surveillance on sector 2.

Problems

Helicopters activity at low altitudes are intense in sector 2. Low visibility due to meteorological phenomena is frequent and there is also occurrence of high seas that are safety concerns. 

Case scenario: airspace after the implementation

There are several ADS-B ATS Surveillance use cases that can be adopted in an implementation, as listed by CANSO in its guidelines for ADS-B implementation (CANSO, 2016), and the restructuration of Campos Basin airspace applied all of them:

 As sole ATS surveillance source;

 To fill gaps in existing ATS surveillance coverage or augment ATS surveillance signals;

 As additional ATS surveillance source;

 As contingency ATS surveillance source;

(CANSO, 2016) The conditions of the airspace after implementation is well detailed in the DECEA regulatory documents published as part of the implementation efforts and are summarized in Table 16, and in the operational TMA specific documents that are the Manual of the Macaé Approach control -APP ME ("Manual do controle de aproximação de Macaé -APP ME") (INFRAERO, 2019) and the Operational Model of the APP-ME ("Modelo operacional do controle de aproximação Macaé -APP-ME") (INFRAERO, 2019), that is a requisite defined in CIRCEA 100-57 under the acronym "MOP".

Interesting to mention that the Sectors were restructured to 2 continental sectors and 6 oceanic sectors (Figure 21). Those were defined aiming to establish the airspace portion with each kind of provided ATS Surveillance, considering the two available possibilities: Independent Collaborative (SSR) and Dependent Collaborative (ADS-B). Also, images of the coverage area of ADS-B, coverage area of radar and the used ground infrastructure are in Figures 22,23, 24 and 25.

The ADS-B infrastructure provides some redundancy and the ATS surveillance service can be provided even with failure of part of the antennae.

Although the specific documents of APP-ME address the ADS-B peculiarities and even highlight the importance of monitoring the quality of the broadcasted signal in terms of its parameters, they do not establish limits of acceptance for those parameters and measures to be taken in each situation. 

Regulatory aspects of the case

Once the airspace sector is well defined and its aeronautical users are mostly related to the platform operations, it was a suitable situation to segregate the airspace and define specific rules.

Prior to the operation, DECEA issued AIC 40/17 (DECEA, 2018), informing the aeronautical community that this airspace would be a restricted ADS-B airspace after November 2018.

As described in AIC 40/17, after the deployment of the ground infrastructure, from July until November of 2018, the implementation was carried out ensuring the compliance with the regulatory requirements:

1. Ground Infrastructure deployment (July);

2. Safety and performance assessment to establish separation minima and homologation;

3. 100% equipage of the operating fleet;

4. Human resources training;

5. Regulation and operational procedures updated;

6. Radio bidirectional communication provided in all the airspace (November).

AIC 40/17 also mentions that aircraft were certified, and operators were approved in compliance with ANAC regulation.

The APP specific documents were upgraded to address ADS-B issues.

So, considering for the specific situation of the implementation of ADS-B on a restricted airspace it was possible to perform with the current rules.

Perceptions regarding ADS-B implementation

To assess the challenges of the implementation and the users' perception regarding the ADS-B, key personnel were interviewed, including: oil company logistics manager; helicopter pilot; ATS provider manager; ATCO; airspace regulator professional. For professional reasons their identity will be preserved, and the answers will be presented summarized in the following text organized by themes:

 Implementation aspects

The whole project was designed to improve the oceanic airspace creating a huge surveilled sector integrating Santos Basin, Campos Basin and Espírito Santo Basin and aims to solve problems like the 5% of flights that are not accomplished due to lack of information. This improvement encompasses a 3 phases approach where the ADS-B is on the final step.

Preparation process was exhaustive and intense, involving a series of meetings and trainings.

The fleet equipage implementation was coordinated with the 7 air operators, in a way to be completed when the infrastructure became operational. Also, NOTAM, AIC and AIP were issued.

In an implementation like this, the ATS provider, that is part of a state-owned company, had to deal with some tough problems:

o Team reorganization, especially considering that some used to be offshore workers;

o Budgetary conflicts, once the revenue is collected indirectly and come from previously defined taxation's parameters.

One infrastructure issue that had to be solved was the installation of cables to connect the antennae that are in the platforms to the continent. In the other basins may be not feasible and will require different solution.

An important success factor for the Campos Basin project was pointed as the collaborative nature of the work and that should be the way for other implementations.

 Operational aspects

The equipment installed in the helicopters are 1090MHZ ES transponders, different versions and configurations are allowed, some have the ADS-B OUT and ADS-B IN capacity, others also the UAT 978MHz capacity and Mode S integrated capacity.

The major reference document pointed by the crew is the RFM and the DECEA AIC 40/17 and AIC 47/18.

The perception of the different surveillance capabilities during the flight was said to only occur when there is a capacity degradation, otherwise its seamless. It was noted that even when operating outside the restricted airspace, the use of the ADS-B IN allows for an improved situational awareness due to traffic identification.

The ATCO workstation is the same as in other surveilled airspace and it was only necessary a training on the simulator to be acquainted with the graphical information related to the new sensor that is the ADS-B. The graphical difference is the use of a circle with a cross to identify a radar surveilled aircraft, that automatically changes to a square with a cross only when the aircraft enters the airspace where there is ADS-B lonely coverage.

The low altitude coverage, on sectors that are about 100NM of the shore, is the most pungent improvement in this case, once the offshore operations are conduct mostly in this airspace and previously surveillance was restricted to altitudes above 2000ft. This also grants a huge improvement in Search and Rescue (SAR) capabilities, allowing for a much precise and fast response. The quality of the message in terms of NUC, NIC, NAC and SIL has not been a

problem.

 Evidenced benefits

The ADS-B contributes to an expedite and safety flow in the whole TMA, reduces the controller workload, once the targets are visible on the screen and less controller X pilot communication is required.

Benefits of the implementation were highlighted: crew situational awareness enhancement, ATCO workload reduction, ATCO managing capacity improved, surveillance coverage extension beyond the previous limitations of the radar; Mission time reduction; Fuel consumption reduction; Carbon emissions reduction; Airspace capacity improvement due to reduced separations.

 Further implementations

The implementation in the entire Brazilian airspace is seen as highly beneficial, will allow a more safe and efficient airspace, will reduce controller workload and will eliminate problems as targets that are not on the screen, especially in regions of high logistical complexity as the Amazon forest and border regions.  Way to implement: DECEA should identify which installations may be decommissioned and its schedule in the implementation plan in a way to achieve cost reductions. The savings should be redistributed in order to be perceived by the airspace users.

 Justification:

o The cost indexes identified by the SAM implementation group ( o To provide a business vector for the companies and maintenance workshops.

 Way to implement: ANAC should define in the RBAC 91 the ADS-B transponder standard for Brazilian airspace and correspondent approval and continued airworthiness processes and reference standards, as soon as possible.

Also, ANAC should include in DOC 7030 the instructions for foreign aircrafts that are not compliant to turn off its equipment when on Brazilian airspace or to set the quality parameters to values that represent that it is off.

It is important to clarify that where space-based ADS-B will be used, the antennae diversity is necessary.

All compliant airborne installations shall be submitted to airworthiness approval processes.

The reference standard could be TSO C166 or EASA AMC 20-24. is necessary. This information may influence the schedule of the whole implementation and the policies to be adopted.

 Objectives: To provide basic information for planning the ADS-B evolutionary steps;

 Way to implement: ANAC should realize this monitoring systematically, using appropriate web software and encompassing all the airspace users, including general aviation and foreign aircrafts.

 Justifications:

o The national and the SAM fleet may be in a low percentage of equipped aircrafts, but this is not precisely identified;

o Some aviation users may take long to equip except if mandated;

o The full equipage in a defined airspace allow enhanced applications;

o The impact in terms of equipment required is not known and would be a rich information asset for the aviation industry and for the regulators. This mandate should be announced in advance, to allow time for equipage, and be issued only after the system is deployed as intended.

Also, it may be phased, starting with the FL 290 and then proceeding to the Oceanic airspace.

It o To prepare for a future of full ADS-B OUT compliance.

 Way to implement: ANAC should issue this mandate also in RBAC 091, as soon as possible.

 Justification:

o Nowadays, the UAS and RPAS are not sharing the airspace with the manned aircrafts, thou this is an industry development goal that has been achieved in some parts of the world;

o RPAS and UAS may not be visible to radar, although they will be clearly identified via ADS-B;

o Once the number of UAS and RPAS is increasing rapidly, to prepare for a shared airspace condition is a future enabling measure. o DECEA regulation already states some quality concern, but it is in a broad manner, for instance: ICA 100 31 -"…Trustable coverage on the area…", "…Detection, accuracy and integrity adequate…", "…Aircraft data availability is adequate…"; ICA 100 37 -"Adequate aircraft position";

o DECEA regulation also brought some specifications for the ground-based infrastructure homologation, although it is not clear if it applies to the daily use of  Objectives: To provide clear instructions for the civil aviation community.

 Way to implement: ANAC should elaborate a document to cover all aspect regarding ADS-B installation, approval, authorization and use, as required.

 Justification:

o Specific processes will be created, standards will be defined with different, but complementary objectives and will impact the operators and crews. Consolidate the information in a single document, keeping adequate references is a practice adopted in all the benchmark countries in this work;

o Several instructions may be provided to ensure safety in the operations and could be set on a single document.  Objectives: To expand ADS-B benefits to the whole airspace and all users.

 Way to implement: After confirming the system benefits and achieving a higher level of aircraft equipage, DECEA may broaden the ADS-B OUT required airspace to provide safety benefits for the whole civil aviation community. For instance:

o Future phase 1: Full coverage for lower airspaces;

o Future phase 2: Equipage mandate of ADS-B OUT transponder as a standard for aircraft that perform IFR flights;

o Future phase 3: Equipage mandate of ADS-B OUT for the entire Brazilian airspace.

o Justification

Once ADS-B provide significant safety improvements, it is expected that in the long term it will be applied all over the Brazilian airspace.

Chapter 10. Conclusion

ADS-B is a technology that provides extended surveillance coverage, radar like separation, better update time than radar, enhanced applications possibilities, and is a base for future uses that are being developed, all that with a cost substantially lower.

Current systems are aging and will require maintenance and upgrades even in the scenario of less traffic that is foreseen for the next 3 years, so the context is also a strong argument to proceed with ADS-B implementation project.

Considering that the implementation is ongoing and will be finished soon, to enhance the airspace surveillance coverage and to reduce the costs for the airspace users, specially the airlines, it is necessary to improve the regulation, encompassing all the civil aviation related aspects in a way to ensure a safe and efficient use of the technology in the Brazilian airspace.

In this sense, once the civil aviation is regulated by multiple national institutions, their alignment in a proactive manner would lead to better results for the civil aviation community, thou establishing a national strategy may be a form to materialize it.

In this study, important aspects have been identified as significant regulatory improvement and were Additional studies may aim at the optimization of the navigation and surveillance systems that are necessary for the civil aviation as a way to achieve cost reduction for airspace users keeping the safety level, the definition of flight improvements that will be possible with the ADS-B technology and its respective operational gains, a series of risk analysis considering the flight conditions that will be impacted by the new system, and, further implementations that should be targeted once ADS-B is an enabling technology. 
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  Civil Engineering from the State University of Campinas -UNICAMP (1999), specialization in Safety Engineering from Fundação Educacional Inaciana Padre Sabóia de Medeiros -FEI (2004), specialization in Project Management from the Support Foundation to the Institute of Technological Research -SP -IPT (2006) and master's degree in Civil Engineering from the State University of Campinas -UNICAMP (2004). When I joined the National Civil Aviation Agency (ANAC) I worked at the Department of Airport economic regulation in the branch of Airport concessions' infrastructure investment management. Recently I moved to the Department of Airport Infrastructure, in the branch of Airport engineering and my current duties are related to the approval of airport infrastructure modifications. Recently I have engaged as manager of the project "Amphibious flight regulation", that aims to foster this kind of flight in Brazil, especially in the amazon river basin. During this period, I have also dedicated to capacitating in airport infrastructure and its several related aspects, including international trainings like the course in Singapore provided by SAA entitled "Civil Aviation Management Programme", covering the ICAO framework and the IATA training on Airport Infrastructure, among other capacitation efforts.

  Figure 2Internship Schedule Gantt Chart

  The evolution of Data Link Communication usage for aviation purposes comes from the 1970s, with the first ACARS -"Aircraft Communication Addressing and Recording System" applications. In 1983, ICAO established the Special Committee on Future Air Navigation Systems (FANS) to study the use of ADS for civil aviation. ADS -"Automatic Dependent Surveillance" was initially used in Boeing 747-400 flying between the United Sates West Coast to Australia in 1995, which was part of the features offered by Boeing in its FANS-1 avionics package and followed by Airbus, in 2000, in its similar avionics package called FANS-A.[START_REF] Spitzer | Digital Avionics Handbook. 3rd[END_REF] In 1998, RTCA published the document DO 242 -Minimum Aviation System Performance for Automatic Dependent Surveillance Broadcast (ADS-B), defining ADS-B technology Minimum Aviation System Performance Standards (MASPS), and in 2000, RTCA published the document DO 260, establishing the Minimum Operational Performance Standards (MOPS) for the 1090MHz airborne ADS-B equipment. (RTCA, 1998) (RTCA, 2000) The CAPSTONE Project, a joint industry and USA Federal Aviation Administration (FAA) research, carried out from 1999 to 2006, successfully demonstrated ADS-B usage in Alaska in 2001 and laid the groundwork for the USA nationwide deployment of ADS-B. (FAA, 2020) (AIREON, 2019) Three transmission technologies were developed and were standardized by ICAO for ADS-B: UAT -Universal Access Transceiver (Doc 9861 -Manual on the Universal Access Transceiver (UAT)); VDL4 (Doc 9816 Manual on VHF Digital Link (VDL) Mode 4); 1090MHz ES (Doc 9871 -Technical provisions for mode S services and Extended squitter). ICAO produced initial ADS-B SARPs in 2002, based on RTCA DO 242 and RTCA DO 260, and published in the amendment 77 of the ANNEX 10 (RTCA, 2006) and in its AN Conf/11 the Council endorsed the ADS-B concept as "an enabling technology that will enhance the provision of ATM in a variety of applications, from 'radar-like' air traffic control purposes to enhanced situational awareness on the flight deck." (ICAO, 2012) Also, in Recommendation 1/7 of AN Conf/11 in 2003 the Council recommended the ADS-B 1090MHz

  0): Compliant with RTCA DO 260 / Eurocae ED-102;  ADS-B (1): Compliant with RTCA DO 260 A;  ADS-B (2): Compliant with RTCA DO 260 B / Eurocae ED 102 A.In 2012, as a result of the ICAO -"Separation and Airspace Safety Panel" (SASP), ADS-B was formally assessed and was acknowledged as an additional form of electronic surveillance that can be used with total or partial radar coverage as a mean to provide surveillance and even separation.(ICAO, 2012) Adding important steps in the ADS-B evolutionary path, AIREON, a company created in 2012, in a partnership with Iridium, hosted its specially designed ADS-B receivers on 66 satellites of the Iridium Next Constellation, to provide global satellite-based ADS-B coverage. This constellation of Low Earth Orbit (LEO) Satellites, that receives the 1090MHz ES and transmit it in L band to a specific ground facility is the only one capable of providing ADS-B coverage all around the world.

Figure 3

 3 Figure 3 ADS-B technology development timeline. 4.1.2 ADS-B concepts and definitions Back in 1998, RTCA sets a wide ADS-B definition in its DO 242 and also a diagram illustrating it, that was updated in 2002 (Figure 4):

  260 -1090 MHz ES ADS-B equipment MOPS •Airbus FANS-A avionics package 2001 •First ADS-B ground station demonstrated in Alaska -CAPSTONE project 2002 •ICAO amendment 77 of the ANNEX 10 containing initial ADS-B SARP 2004 •FAA published TSO C 166 -1090MHz ES and RTCA reviewed its DO 242 and DO 260. 2012 •ICAO SASP acknowledge ADS-B as an additional form of electronic surveillance. 2017 •AIREON validation of ADS-B satellite based
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 4 Figure 4 Functional relationship between ADS-B and Surveillance Applications.(RTCA, 2002) 

Figure 5

 5 Figure 5 ADS-B system. Adapted from: (AIREON, 2019); (RTCA, 2002); (CANSO, 2016)

Figure 6 1090

 6 Figure 6 1090 MHz ES ADS-B message broadcast rates. Copied from RTCA (2002).
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 15 ADS-B technology future trendsICAO established a broad methodology for the harmonization of the air navigation development worldwide that is known as the Global Air Navigation Plan (GANP)(ICAO, 2019), which embraces all the expected future developments for the air navigation technologies and their applications. It is organized in development threads that are divided in 6-year time span blocks. These blocks are subdivided in modules where are provided specific detailed descriptions of the air navigation systems, their required technologies and associated capabilities, among other details.

The 5

 5 threads that require ADS-B and their respective development modules are:  AMET: Meteorological information -of its 16 modules, ADS-B will be necessary for only one module on block 3: o AMET-B3/1: Meteorological observations information  ACAS: Airborne collision avoidance system (ACAS) -all of its 3 modules require ADS-B: o ACAS-B2/1: New collision avoidance system o ACAS-B2/2: New collision avoidance capability as part of an overall detect and avoid system for RPAS  CSEP: Cooperative Separation -07 of its 09 modules requires ADS-B: o CSEP-B2/1: Interval Management (IM) Procedure o CSEP-B2/2: Cooperative separation at low altitudes o CSEP-B2/3: Cooperative separation at higher airspace o CSEP-B3/1: Interval Management (IM) Procedure with complex geometries o CSEP-B3/2: Remain Well Clear (RWC) functionality for UAS/RPAS  OPFL: Improved access to optimum flight levels in oceanic and remote airspace -it has two modules and only its first module requires ADS-B and is ready to be implemented.  SURF: Surface operations -one of its 12 modules requires ADS-B and is ready to be implemented.  ASUR: Surveillance systems: 3 of its 7 modules depend on ADS-B technology, one ready and the other two are: o ASUR-B1/1: Reception of aircraft ADS-B signals from space (SB ADS-B) o ASUR-B2/1: Evolution of ADS-B and Mode S

Figure 9

 9 Figure 9Continental airspace PSR and MSSR coverage at FL 250(ICAO, 2017) 

Figure 10

 10 Figure 10 ADS-B implementation planned phases (Adapted from ICAO,2017)

4. 3

 3 ADS-B existing regulation 4.3.1 Institutional framework Brazilian civil aviation institutional framework is composed of several institutions with specific functions in the system (Figure 11), as expressed in the ANAC homepage with the recent Ministry title updated.

Figure 11

 11 Figure 11 Brazilian civil aviation institutional framework. (ANAC, 2021) "CONAC -Advising body of the Presidency of the Republic for the formulation of the Brazilian civil aviation policy. Ministry of infrastructure -Through the Civil Aviation Secretary, the Ministry coordinates and supervises actions for the development of airport and aeronautical infrastructure. CONAERO -Consultative and deliberative commission composed by bodies that directly work with airport management in order to make airports more efficient. INFRAERO -Public company responsible for 59 airports in the country, which holds 49% of the following airports: Guarulhos (SP), Viracopos (SP), Brasília (DF), Confins (MG) and Galeão (RJ). DECEA -Department of Airspace Control subordinate to the Aeronautical Command and the Ministry of Defense. CENIPA -Aeronautical Accidents Investigation and Prevention Center subordinate to the Aeronautical Command and the Ministry of Defense and responsible for the investigation and prevention of accidents.

o

  5 is defined the airspace in which Mode A/C or Mode S transponder is mandatory, it does not mention ADS-B transponders. (DECEA, 2019)  CIRCEA 121-7 "ADS-B flight inspection" The document CIRCEA 121-7 "ADS-B flight inspection" addresses the required inspection to validate an ADS-B service and its related minimum acceptable parameters. For instance: o maximum update time: 3 seconds. o Maximum delay: 700ms Position accuracy: 0.05NM Although this standard mentions UAT and ADS-R systems, it is not clear whether they will be used in the Brazilian context. In chapter 2.3 it defines that in Brazil will be used the ADS-B OUT 1090 MHz ES. (DECEA, 2017) ADS-B is also mentioned in:  MCA 64-3 "Search and rescue": contains instructions about the ADS-B emergency codes. (DECEA, 2019)  MCA 100-11 "Flight Plan Form": This form has specific cells to identify ADS-B transponder characteristics. (DECEA, 2017) And two regulations that are specific for Campos Basin, that will be scope of item 0 of this work:  AIC 40-17 ADS-B Macaé (DECEA, 2018) AIC47-18 Reestruturação Macaé (DECEA, 2018) 

  RBAC 01 EMD 07 "Definitions, text rules and measure units for use in ANAC regulation" is a glossary of terms, acronyms and measure units used in ANAC documents. It is interesting to observe that there was no definition for ADS-B related terms or acronyms, like: ADS-B; Airborne Surveillance System (ASAS); GNSS; Situation awareness; Surveillance; Transponder. (ANAC, 2020) Direct reference to ADS-B system appears only in the document IS 21-013 B "Instruction for approval of GNSS installation", where it identifies ADS-B standard references for each type of transmission device (UAT, VDL4 and 1090 MHz ES). In this document, the specified references for ADS-B installation are: TSO-C166b, RTCA/DO-260B for 1090 Extended Squitter; TSO-C154c and RTCA/DO-282B for Universal Access Transceiver and the AC 20-165. (ANAC, 2016)

  the overarching goal is to achieve conditions for the time-based air traffic management (ATM), or Trajectory-Based Operations (TBO).(FAA, 2019) The ADS-B infrastructure counts with approximately 650 ground-station transceivers[START_REF] Bibliography | AIREON website[END_REF] deployed to provide receiving coverage along with complementary broadcasting services like Traffic Information Service-Broadcast (TIS-B) and Flight Information Service-Broadcast (FIS-B) that provide, respectively, traffic information acquired by several surveillance means and flight information (aeronautical and weather information), to appropriated equipped aircrafts.(FAA, 2019) An ADS-B coverage map is shown in Figure12.

Figure 12 ADS

 12 Figure12ADS-B coverage and en-route integration (FAA, 2019)

Figure 13 USA

 13 Figure13USA Airspace regarding ADS-B OUT requirement(FAA, 2019) 

  14 CFR § 91.225 Automatic Dependent Surveillance-Broadcast (ADS-B) OUT equipment and use;  14 CFR § 91.227 Automatic Dependent Surveillance-Broadcast (ADS-B) OUT equipment performance requirements;  AC 90 114 B -Automatic Dependent Surveillance -Broadcast Operations;  AC 20 165 B -Airworthiness Approval of Automatic Dependent Surveillance -Broadcast OUT Systems;  SRT 47 Rev.4 -Surveillance and Broadcast Services Description Document;  TSO C166b -Extended Squitter Automatic Dependent Surveillance -Broadcast (ADS-B) and Traffic Information Service -Broadcast (TIS-B) Equipment Operating on the Radio Frequency of 1090 Megahertz (MHz);  TSO C154c -Universal Access Transceiver (UAT) Automatic Dependent Surveillance-Broadcast (ADS-B) Equipment Operating on Frequency of 978 MHz. The 14 CFR 91.225 specifies the ADS-B conditions required for each type of airspace and the possible exceptions. The 14 CFR 91.227 specifies the performance that the equipment must meet, and it is interesting to highlight the quality parameters in item "c": "(c) ADS-B OUT Performance Requirements for NACP,NACV, NIC, SDA, and SIL (1) For aircraft broadcasting ADS-B OUT as required under § 91.225 (a) and (b) -(i) The aircraft's NACp must be less than 0.05 nautical miles;

o

  Figure 14Surveillance in Australia before and after ADS-B implementation(ICAO, 2017) 

ooo

  Figure 15Australia's ADS-B timeline -November, 2017 -SAM meeting.(ICAO, 2017) 

  Figure 16Canadian airspace map(Transport Canada, 2018) 
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 5 NM lateral separation; preferred trajectories; safety due to increased areas of surveillance coverage.  ADS-B OUT operation: o ADS-B OUT equipage is not mandated in Canada in the near term; o Domestic air operator shall meet the conditions in Operational Specification Nº609 to obtain approval for ADS-B operations; o Foreign air operators shall comply with ADS-B regulation in order to obtain operational approval for ADS-B operations (Operational Specification Nº610).  ADS-B OUT airworthiness o To take advantage of ADS-B OUT capabilities the equipment must be certified under CAR Part V Subpart 21; o Equipment must be EASA AMC 20-24 compliant and also to have a statement on its AFM that the ADS-B equipment meets all mandatory requirements therein; o Alternative position data sources can be used in compliance with EASA AMC 20-24; o Once the AFM is approved with the ADS-B compliant statement, it shall be submitted to continued airworthiness obligations under CAR Part V Subpart 21.

  This is the first implementation case of ADS-B system in the Brazilian airspace. It was a project carried out from 2009 until 2018 when it became fully operational. The case results were presented by Brazil representatives in a Working Paper at the SAM IG 23 rd meeting held on 26 to 30 of November of 2018. The TMA restructuration involved other aspects beyond ADS-B, as reorganization of the ATCO workstations, extinction of radio stations, reduction of oceanic sector and the implementation of automatic meteorological equipment. It achieved important results and corresponding benefits:  Aircraft surveilled IFR x IFR separation: 5NM (AIC 40/17)  Reduced delays 43% / Flight punctuality increase 16%  More effective Search and Rescue (SAR)  Reduced flight time with fuel savings estimated up to R$1.31million per year  122 helicopters equipped (CANSO, 2019) The activities were managed by DECEA and carried out in a collaborative way, with the participation of the entire aeronautical community, especially PETROBRAS, the Brazilian Airport Infrastructure Company (INFRAERO), all the offshore region helicopter operators and ANAC. (ICAO, 2018) 8.2 Case scenario: initial conditions The initial conditions, before the implementations took place, as detailed in the Working Paper 08 Rev2 (ICAO, 2018), complemented with some information acquired from additional sources as the AIC 40/17 (DECEA, 2018) and AIC 47/18 (DECEA, 2018) are summarized in Table 15, Figure 19 and Figure 20.

Figure 19

 19 Figure 19Airspace structure of Campos Basin before the project (profile)(DECEA, 2018) 

  Figure 21 Airspace structure of C. Basin with the new sectors defined (INFRAERO, 2019)

Figure 26 o

 26 Figure 26Proposed initial airspace configuration profile regarding ADS-B

  -B installation as a requisite for airport concession agreements  Addressed institution: DECEA  Proposition: ADS-B OUT infrastructure, its commissioning and lifetime maintenance should be required on the airport concession agreements.  Objectives: To provide ADS-B OUT infrastructure via private investments.  Way to implement: DECEA representatives should participate in the concession study phase and require the ADS-B OUT installation as an improvement to be made at all the airports with more than 200,000 pax/year.  Justification: o Ground-based ADS-B OUT infrastructure is easily provided at airports that already have radar and other nav-aids installations; o Ground-based ADS-B OUT infrastructure may result in significant safety gains at low cost; o Airport concession agreements are a recent regulatory alternative to provide improvement for the civil aviation sector, including airspace infrastructure and its lifetime maintenance if necessary; o This would transfer to the private airport operator the implementation cost plus the annual costs that were estimated to be about US$ 94,000/year for each Ground-based ADS-B site; o This would accelerate the Ground-infrastructure implementation; o The airport private operator would be benefited by the ADS-B on airport surveillance capabilities. c) Infrastructure decommissioning as part of the plan  Addressed institution: DECEA  Proposition: The implementation plan should consider the decommissioning, when appropriate, of redundant obsolete infrastructures like old radar sites and other nav-aids.  Objectives: Cost reduction; System efficiency.

ooo

  Non-compliant equipment signals generate systems interference; o Although some documents mention the transponder standard that will be accepted, it is not clear and widely communicated; o RBAC 91 is the natural document for those who seek information about aircraft equipment, its standard references, approval and continued airworthiness processes; Different equipped aircrafts will result in incomplete situational awareness information; o Space-based ADS-B requires 1090MHz ES (version 0, 1 or 2) with antennae diversity; Brazilian ground-based ADS-B already installed is of the type 1090MHz ES (version 0, 1 or 2). e) Monitoring of fleet equipage  Addressed institution: ANAC  Proposition: An effort to list the current fleet status regarding the 1090MHz ES equipage

  f) Above FL 290 equipage mandate and Oceanic airspace equipage mandate  Addressed institution: ANAC  Proposition: An equipage mandate of serviceable and compliant ADS-B OUT, should be issued for the users of the "Reduced Vertical Separation Minimum" (RVSM) airspace, above FL 290, and for the oceanic airspace users.  Objectives: To provide a full equipped ADS-B OUT airspace with its correspondent benefits: ATS surveillance service with 5NM of longitudinal separation; ADS-B IN situational awareness; Enhanced ADS-B IN applications (CAVS; ITP).  Way to implement: ANAC should use RBAC 91 to issue these mandates once DECEA confirms the intended airspace configuration and schedule.

o

  j) Database and Monitoring tool  Addressed institution: DECEA  Proposition: To implement database infrastructure and develop a software monitoring tool. To obtain data for indicators, statistics and incident investigations; o To ensure that the ADS-B OUT required airspace is properly used; o To provide information for the users regarding their equipment condition.  Way to implement: DECEA should consider, as part of the development of the ADS-B system, a database and monitoring software to be developed and implemented to help improve the system, foster compliance and generate indicators and reports about the Brazilian airspace operations.  Justification: o Once Canada do not have a monitoring tool, its airworthiness routines have additional requirements; o USA utilizes a monitoring tool to identify Non-Performing Equipment (NPE); o The ADS-B OUT information allows the automatic generation of indicators and statistical information about the operations;o The information will be available in the communications network once the system is deployed and can be consolidated in a single database;o These data can be used to improve SAC, ANAC and DECEA policies, decisions and regulatory processes;o Automation algorithms can be developed and applied to improve the ATCO performance.k) Shared airspace ADS-B OUT mandate for RPAS and UAS  Addressed institution: ANAC  Proposition: To require ADS-B OUT equipage for every RPAS and UAS that intend to access the airspace along with manned aircrafts. Objectives:o Higher safety on these operations;

l)

  To declare that there are no additional broadcast services  Addressed institution: DECEA  Proposition: To state clearly that no additional broadcast services are available on Brazilian airspace, like TIS-B, FIS-B or ADS-R.  Objectives: To ensure safety by avoiding mistakes.  Way to implement: DECEA should state this information clearly in its documents as part of the implementation efforts.  Justification: Additional broadcasting services like TIS-B, FIS-B and ADS-R are available on other airspaces, like the USA, and may lead the users to mistakes if its unavailability is not properly informed. m) Quality of the broadcasted signal  Addressed institution: ANAC and DECEA  Proposition: To define limits for the embed broadcast signal quality parameters to ensure safety.  Objectives: To ensure good quality of the signals as required for the intended services to be performed in a safely manner.  Way to implement: ANAC and DECEA should perform a safety assessment of the whole intended system and establish in specific documents which are the critical levels for the quality parameters of the broadcasted signals: NUC, NIC, NAC, SDA, SIL.  Justification: o The ADS-B transmission has embedded quality parameters that should be used to ensure safety traffic under ADS-B services, because some transmissions of low quality may inform high level errors in terms of positions, velocity and other related aspects.

oo

  The USA establishes objectively the limits to be observed: NACp: 0.05NM -NACv: 10m/s -NIC: 0.2NM -SDA: 2 -SIL: 3; The limits must balance the operational cost of the equipment and the safety level required for the intended operation, so a safety assessment is required to achieve good results. n) Specific document addressing flight standards and airworthiness ADS-B aspects  Addressed institution: ANAC  Proposition: To elaborate a specific document to address all flight standards and airworthiness issues of ADS-B.

  For instance: crew entry of required ADS-B data; proceedings to deactivate the transmission if necessary; compliance declaration for the ADS-B equipment; mandatory maintenance requirements as to verify ADS-B transmission data and the periodicity of verifications; continued airworthiness approval instructions; crew training required procedures. o The way to address the requisites in the operator's documents should also be set in this document, once several documents can be affected as: Company Operation Manual; AFM, AFMS, RFM, RFMS, POH and MEL. o) Future mandates and further applications  Addressed institution: DECEA  Proposition: To extend the ADS-B coverage and requirements in the future.

  proposed to be discussed in the appropriate forums: combination of ground-based and space-based systems; ADS-B installation as a requisite for airport concession agreements; Infrastructure decommissioning as part of the plan; ADS-B transponder standard and no bad signal; Monitoring of fleet equipage; Above FL 290 equipage mandate and Oceanic airspace equipage mandate; Serviceable and compliant ADS-B OUT transponder must broadcast; Proceedings for non-serviceable or noncompliant equipment and exceptions; authorization procedures for enhanced ADS-B IN applications; Database and monitoring tool; Shared airspace ADS-B OUT mandate for RPAS and UAS; To declare that there are no additional broadcast services; Quality of the broadcasted signal; Specific document addressing flight standards and airworthiness ADS-B aspects; Future mandates and further applications .

  

  

  

  

  

  

  

Table 1

 1 ADS-B major references ....................................................................................................... Table 2 ADS-B system drawbacks and counter measures ................................................................. Table 3 ADS-B near-term possible applications. Adapted from RTCA (2002) ................................... Table 4 ADS-B based applications identified on GANP -Doc 9750 (ICAO, 2019)..............................

Table 5 SAM

 5 ADS-B implementation status (ICAO, 2019).................................................................

Table 6

 6 Annual system cost comparison (ICAO, 2018) .....................................................................

	Table

Table 8

 8 Directive addressing ADS-B implementation (DECEA, 2020) ...............................................

Table 9 Sub

 9 

-department's directives addressing ADS-B (DECEA, 2020) ...........................................

Table 10 ADS-B strategic projects as detailed in DECEA sectorial plan (DECEA, 2020) .................. Table 11 DECEA regulatory major document types. Adapted from (DECEA, 2020). ....................... Table 12 RBAC 91 EMD 07 basic framework elements (ANAC, 2019) ............................................. Table 13 International benchmark summarized information .......................................................... Table 14 Australian mandates regarding ADS-B (ICAO, 2017) ......................................................... Table 15 Initial characteristics of the TMA ME (ICAO, 2018) (CANSO, 2019) .................................. Table 16 Characteristics of the Campos Basin airspace after the restructuration .......................... Table 17 Regulatory improvement propositions regarding ADS-B OUT implementation ...............

Table 1

 1 

	ADS-B major references

Table 2

 2 ADS-B system drawbacks and counter measures

	System drawbacks	Counter measures
	Navigation and surveillance rely on unique source of position information that is GNSS. (RTCA, 1998)	Integrity and accuracy built into the message protocol. (Foster, 2016) Implementation safety assessment process. (ICAO,
		2012)
	Ground stations Line of sight dependency. (AIREON, 2019)	More antenna required for irregular terrain. Augmentation system as ALAS may be used. Satellite based ADS-B.
	Ground stations not suitable for remote airspace (i.e. oceanic)	Use of Satellite based ADS-B for remote airspaces.
	Aircraft will not be detected if they are not equipped with a transponder or if their transponder is malfunctioning or turned off. (CANSO, 2016)	Other surveillance complementary systems. TIS-B to inform all ADS-B IN users of the non-equipped target. Mandatory rules defining ADS-B equipage for certain airspaces.
	Spoofing, jamming or ghosting of the GNSS or the ADS-B OUT signal	Adaptive Interference mitigation techniques and Interference mitigation algorithms

Table 3

 3 ADS-B near-term possible applications. Adapted fromRTCA (2002) 

		Cockpit applications		ATS Surveillance applications
	During the flight	During the flight
		In-Trail passing maneuvers (ITC; ITD; Lead Climb;		Expanded Surveillance Coverage;
		Lead Descent; Lateral passing);		Verification of Aircraft Position when applying non-radar
		Merging aid;		separation procedures;
		Station-keeping;		Application of Radar-like separation services at airports
		Establish In-Trail Spacing Interval;		without radar coverage;
		Lead aircraft glidepath visualization for wake vortex		Fusion of current Radar and ADS-B Surveillance;
		considerations;		Enhanced Surveillance Accuracy for Automation Tools in
		Visual Acquisition of Other Traffic for Enhanced		En-Route and TMA;
		"See-and-avoid";		
		Traffic Situational Awareness in All airspace;		
		Conflict avoidance in all airspace;		
		Surveillance enhancements for TCAS / ACAS.		
	On Airport Surface	On Airport Surface
		Airport Surface Situational Awareness (VFR&Night);		
		Enhanced IMC Airport Surface Operations.		

 More precise separation for Wake Vortex in TMA;  Incursion processing in All airspace;  Priority, special handling, or declaring an emergency in All airspace. Approaches and departures Approaches and departures  Enhanced (IFR) Visual Approaches;  Final approach spacing;  Closely spaced parallel approaches in IMC;  Enhanced visual acquisition at uncontrolled airports;  Runway and Final Approach Occupancy Awareness;  Departure spacing.  Enhanced Minimum Safe Altitude Warning (MSAW) and Approach Conformance;  Conformance monitoring during simultaneous parallel and converging approaches;  Providing Airport Surface Detection Equipment (ASDE)-Like Radar Capabilities at Airports without ASDE.  Airport Surface Surveillance and Surface Movement Guidance and Control System (SMGCS).

  Additionally, is interesting to highlight what the experts detailed about module ASUR B2/1: "RTCA and EUROCAE are working jointly to prepare the next version of the Mode S transponder MOPS and the ADS-B MOPS. Changes include: correction of issues identified since the MOPS were last published, to support new collision avoidance systems, to support new Detect and Avoid systems, to support the ADS-B-In Interval Management application, to support potential commercial space operations (in the atmosphere), to reduce 1090MHz spectrum congestion, to downlink certain meteorological parameters, to improve ADS-B reception performance, and to remove unused capabilities. Within, this timeframe, ADS-B vehicle-to-vehicle applications are potentially provided in a different spectrum in lower airspace. This evolution offers opportunities for compliance based on performance-equivalence for State aircraft."

	ADS-B as an important enabler for ASBU threads and blocks	
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Table 5 SAM

 5 ADS-B implementation status (ICAO, 2019) 

	Country	Studying / Planned	Ongoing implementation		Operating
	Argentina	ADS-B information exchange				
		using REDDIG.					
		S-ADS-B: arranging MoU with				
		AIREON for testing.				
	Bolivia	Plan to use S-ADS-B where radar				
		do not cover.					
	Brazil	At continental level 68 ADS-B	S-ADS-B: Technical cooperation	Macaé	TMA.	6	stations.
		ground stations.		with AIREON to support S-ADS-B	Surveillance from 500ft and
				adoption decision for the whole	above.		
				airspace.			
	Colombia			Extensive ADS-B implementation			
				started in march 2016 and will			
				operate in 1 of January of 2020.			
				TSO C166b with TIS-B and GPS			
				(TSO C129a, TSO C129b -ABAS,			
				TSO 145e, TSO C146e -WAAS)			
	Ecuador	Plans to replace Guayaquil MSSR	Developing national regulation			
		and to implement ADS-B in the	for ADS-B.			
		Quito and San Cristobal radars.				
	French	5 ADS-B stations: Rochambeau				
	Guyana	(airport),	Mont-Matoury,				
		MAripasoula, Mana, and Saint				
		Georges.					
	Guyana	Plan to implement 1 more		04 Skysurv ADS-B stations in: Port
		Skysurv ADS-B station.		Kaituma	(SYPK),		Kamarang
					(SYKM), Kaiteur (SYKA), and
					Annai (SYAN)	
	Panama				04 stations, in: Cerro Jefe, Volcán
					Barú, Cerro Cana Agua, El
					Porvenir.		
	Paraguay				06 stations at M.R. Alonso unified
					control center, Guaraní airport,
					Concepción airport, San Juan
					Baptista, Mariscal Estigarribia
					airport, and Bahía Negra airport.
	Peru	Plans 8 ADS-B systems at national	02 INDRA ADS-B stations installed			
		level for 2020.		for testing to eliminate the cone			
		No regulation issued for ADS-B.	of silence of the MSSR.			
		S-ADS-B: arranging a MoU with				
		AIREON.					
	Uruguay	Plans to have ADS-B in the short				
		term.					
		S-ADS-B: arranging a MoU with				
		AIREON.					
	Venezuela	Process for acquiring ADS-B				
		systems for Lagunazo, Santa				
		Elena de Uairen, Cerro Los				
		Colorados station, Cerro Catire				
		station, Puerto Ordaz airport,				
		Margarita airport, and La Chinita				
		airport.					

  2.3.3.1 Safety -Effective surveillance in areas that currently lack coverage, definitely contributing to increased safety. 2.3.3.2 Flight efficiency -Effective surveillance of ADS-B information, providing the means to optimise flights and increase airspace utilisation capacity. 2.3.3.3 Flexibility -The service provided allows the ANSP to hire specific areas or volumes at the flight levels of operational interest, as the only means of surveillance or as augmentation of the existing surveillance infrastructure, and as redundancy in areas of critical operational interest.

2.3.3.4 

Homogeneity -With States obtaining information from a single source, with the same parameter levels, it is possible to standardise air navigation services throughout the region. 2.3.3.5 Environment -Improved flight management, increasing capacity, more direct flights and reduced waiting times contribute to reduce adverse impact of aviation on the environment.

2.3.3.6 

Profitability -With more efficient and economic flights, the profitability for aircraft operators becomes sustainable, with positive impact for the final user. From the point of view of the ANSPs, the reduction in implemented infrastructure and the required maintenance have a significant impact on this aspect."

(ICAO, 2018) 

The study identified an annual cost of US

$ 11,791,466

.67 for a Brazilian space-based ADS-B system with 10,000ft coverage for 100% of the airspace. The study also contains a table about the coverage comparison and regarding Brazil surveillance, with its 84 SSR stations, FIR area of 22,110,440.00 km
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			Annual system cost comparison (ICAO, 2018)	
		% of FIR Coverage		Annual cost / (% of Coverage x Km2 FIR)
		Space-based ADS-B	SSR	Space-based ADS-B	SSR	Terrestrial ADS-B *
	FL 100	100	27,86	0,53	4,25	1,27
	FL 150	100	35,01	0,53	3,38	1,01
	FL 250	100	46,26	0,53	2,56	0,77

* A fictitious number of ground ADS-B stations was adopted that would be with their matching facility location coordinates where the current SSRs are located.

Table 8

 8 Directive addressing ADS-B implementation(DECEA, 2020) 

	Project	Directive	Deadline
	Continental ADS-B	Implement the ADS-B system in the whole Brazilian territory.	Dec. 2025

Table 9 Sub

 9 Develop the concept for the implementation of new surveillance and communication systems, emphasizing ADS-B and CPDLC, continental, additional to the current CNS resources of the SISCEAB"

	Sub-department	Directive text
		"4.2.1 Sub-department of Operations
	Operations	a)

-department's directives addressing

ADS-B (DECEA, 2020) 

Table 10 ADS

 10 -B strategic projects as detailed in DECEA sectorial plan(DECEA, 2020) 

	Project code	Description	OM Resp.	Deadline	Directives	Milestone
						Development of Preliminary Design
			CISCEA Dec. 2021	As items a) of 4.2.1.1	Reviews (PDR), Critical Design Reviews (CDR), field assessment and Factory
						Acceptance Test (FAT) Phase I.
						Implementation, Site Acceptance Test
	M180400.		CISCEA Dec. 2022	As items a) of 4.2.1.1	(SAT) and integration of ADS-B stations from phase I. Field assessment and FAT
	CEA02.	Continental ADS-B				of phase II.
	E190100					Implementation, SAT and integration of
			CISCEA Dec. 2023	As items a) of 4.2.1.1	ADS-B stations from phase II. Field assessment, FAT, SAT and integration
						of phase III.
			CISCEA Dec. 2024	As items a) of 4.2.1.1	Field assessment, FAT, SAT and integration of stations from phase IV.
	VIG02016	Implement the ADS-B system	CISCEA Dec. 2024 As item 4.2.1 System deliver and homologation.
						Conclusion of the Technical-
						operational assessment of the satellite-
			SDOP	Jun. 2020	As item 4.2.1	based ADS-B and comparison with
		Contract satellite-based				other existing SISCEAB surveillance
	VIG02019	ADS-B surveillance				systems.
		service				
						Service acquisition for specific
			CISCEA Dez. 2021 As item 4.2.1	operational needs, in case of positive
						results from the assessment.

Table 11 DECEA
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	Document Type	Content simplified description
	High level document types	
	DCA -Directives of the Aeronautical Command	High level policies.
	NSCA -System Standard of the Aeronautical Command	Support systems description.
	ROCA -Organizational Regulation of the Aeronautical	Defines the Aeronautical Command subordinate entities
	Command	characteristics.
	RICA -Internal Regiment of the Aeronautical Command	Details the ROCA in terms of its operations and
		competencies.
	Technical level document types	
	FCA -Booklet of the Aeronautical Command	News and reports publishing document.
	ICA -Instruction of the Aeronautical Command	Laws and decrees detailing regulation.
	MCA -Manual of the Aeronautical Command	Technical detailing Regulation.
	PCA -Plan of the Aeronautical Command	Goals description and achievement path detailing.
	CIRCEA -Airspace Control Normative Circular	Technical Regulation.
	AIC -Aeronautical Information Circular	Aeronautical information publishing document.

regulatory major document types. Adapted from (DECEA, 2020).

Table 12 RBAC

 12 91 EMD 07 basic framework elements (ANAC, 2019) 

	RBAC 91	Regulation element summarized description
	Subpart A -"General"	This regulation is applicable to:
	91.1 "Applicability"		any aircraft on Brazilian airspace
			Brazilian aircrafts that are abroad
			Any person or company that are involved in aerial
			related operations
			Any person on-board an aircraft under this
			regulation
	Subpart A -"General"	Pilot in command has the final authority.
	91.3 "Responsibility and authority of the pilot in command"		
	Subpart A -"General"	The crew must be adequately licensed/certified and in
	91.5 "Crew requirements"	health conditions. Process details on RBAC 61, RBHA 63 and
		RBAC 67.	
	Subpart A "General"	The aircraft must be in airworthy condition.
	91.7 "Civil aircraft airworthiness"		
	Subpart A "General"	Must comply with the operational capabilities and
	91.9 "Requirements for Approved Aircraft Flight Manual or	limitations detailed on the AFM or AOM. Pilots must know
	Aircraft Operation Manual (AOM), marking and placards of	the manual.
	civil aircrafts"	Process detail on RBAC 21.
	Subpart C "Equipment, Instrument, and Certificate		
	Requirements"		
	91.205 -"Instrument and Equipment requirements -		
	powered civil aircraft with airworthiness certificate"		

Table 15

 15 Initial characteristics of the TMA ME (ICAO, 2018)(CANSO, 2019) 

	Aspect	Description

Table 16

 16 Characteristics of the Campos Basin airspace after the restructuration

	Aspect	Description
	Available ATS	APP-Macaé with STAR 2000 / RSM-970S PSR / SSR radar;
	Surveillance	06 ADS-B receivers: Macaé, São Tomé, Platform Garoupa, Platform Enchova, Platform Marlim
	infrastructure	and Platform Albacora.
	ATS surveillance	Fusion of ADS-B and Radar ATS surveillance on sector 1 and sector 2.
	coverage	ADS-B ATS Surveillance on sector 3 up to sector 8.
	Airspace	Sector 3 to 8: From 500ft up to FL 145
	ADS-B required transponder	1090MHz ES versions 0, 1 or 2. (AIC 40/17)
		Required: Aircraft identification; SPI (Special Position Identification); Emergency Indicator;
		Barometric altitude; Aircraft position -latitude and longitude; Emergency status; Quality
		indicator that can be any of the patterns: NUC -Navigation Uncertainty Category (Transponder
	ADS-B Information to be broadcasted	version 0)or NIC (Navigation Integrity Category) with NACp(Navigation Accuracy Category) with SIL (Surveillance Integrity Level); Version indicator. (AIC 40/17)

Optional: Airborne ground velocity; NACv; Mode A code. Airspace requisite: only equipped aircrafts. Exemptions: Non equipped only under coordination with TMA Macaé.

Non equipped aircraft exemptions

Only in coordination with APP ME.

Table 6

 6 /year if it is considered providing sites in 52 airports with more than 200,000 pax/year. Thou, this combined configuration would require an annual operational expenditure of about US$ 17 million/year, that would be lower if the provider allow to monitor only flight levels of national concern over continental

	), estimates
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	), estimates

  is important to state clear that ADS-B IN is not mandated in any circumstance.

	g) Serviceable and compliant ADS-B OUT transponder must broadcast i) Authorization procedures for enhanced ADS-B IN applications
	 Addressed institution: ANAC  Addressed institution: ANAC
	 Proposition: A properly equipped aircraft shall transmit its signal.  Proposition: To establish an authorization process for operators that intend to realize ADS-
	 Objectives: B IN enhanced maneuvers.
	o To provide immediate trustable signal for those who are ADS-B IN equipped; It is important to declare that ADS-B OUT use or ADS-B IN situational awareness do not
	o After the ADS-B system deployment, to ensure that the signal will be generated in require authorization.
	a trustable manner for the intended surveillance services. Also, the reference standard for each case will need to be defined. For instance, USA FAA
	 Way to implement: ANAC should issue this mandate, via RBAC 091, once the transponder TSO C 195a and EASA AC 20-172.
	standard is set.  Objectives: To ensure safety conditions.
	 Justification:  Way to implement: ANAC should define this requirement in RBAC 91.
	o Even while the Brazilian ADS-B system has not been deployed, ADS-B IN equipped  Justification:
	aircrafts could benefit of a better situational awareness; o Enhanced ADS-B IN maneuvers requires specific equipment installation and
	o Equipped aircrafts that do not transmit its signal will not be seen and may result capabilities, with its correspondent approval and continued airworthiness
	in severe safety issues. routines;
	 Justification:
	o This mandate avoid pressure over low equipage rates civil aviation sectors, like the
	general aviation users, that are mainly at lower level airspaces;
	o The aircrafts that use the upper airspace, on RVSM levels, are equipped with GNSS
	and probably are in a high level of ADS-B OUT equipage due to the impact of the
	international mandates;  Justification:
	o A considerable portion of the upper airspace is kept available for non-compliant o Foreign aircrafts may enter the airspace with a non-compliant transponder
	users; installation;
	o Enhanced applications require full fleet equipage in the airspace and generate o Some situations, like state aircraft missions, require exceptional cases to be
	several benefits; handled;
	o Low level oceanic airspaces are strongly benefited by ADS-B OUT capabilities as o Aircrafts may have a compliant equipment that is malfunctioning, non-serviceable,
	shown in the case study chapter. and may require specific treatment;
	o Non-equipped aircrafts, non-compliant equipped aircrafts and non-serviceable
	equipment will not be properly detected and may result in severe safety issues if
	they enter the ADS-B OUT required airspace.

h) Proceedings for non-serviceable or non-compliant equipment and exceptions  Addressed institution: DECEA  Proposition: To define the process for non-serviceable, non-compliant and exceptions handling.

 Objectives: To ensure that all aircrafts can perform its intended missions without causing interference with ADS-B OUT required airspaces.

 Way to implement: DECEA should establish a specific document regarding the noncompliant, non-serviceable and exceptions handling as part of the implementation efforts.

o Enhanced ADS-B IN maneuvers requires that the crew acquires complex knowledge to be safely performed;

o Once ADS-B is implemented and a full equipped airspace is provided, enhanced applications will be available associated with its several benefits;

o Two enhanced ADS-B IN applications are already available that are CAVS and ITP and others will be in short term.
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DECEA should establish the standard (frequency, NIC, NAC, ..) and ANAC should define a simplified mandate on paragraph 91.225 of the RBAC, if the mandate is defined as a necessary step. Also, ANAC should define a document to clarify about the incorporation of ADS-B to manuals and procedures.

Implementation of ADS-B is foreseen for 2025, but the crisis may affect dramatically this deadline.

Its effects are not clear yet. Chapter 9. Regulatory improvement propositions

Contextualization

The Brazilian air traffic is suffering the Pandemic effects and has still not recovered. Best previsions say that it will regain its operational volume only after 3 years. This scenario poses a strong argument to concentrate the available resources on projects that improve efficiency of the whole aerial system.

Considering the significant cost savings that can be associated with the ADS-B implementation compared to the current available technologies, especially as demonstrated in the study of the spacebased ADS-B implementation for the SAM Region and considering changes like in the Australian experience, where 179 nav-aids were deactivated due to a proper use of GPS and also the ADS-B technology, this would be a way to rethink the projects envisaged for the Brazilian airspace.

Regulatory improvement propositions regarding ADS-B OUT implementation

Consolidating the information obtained in the review, the expert's discussion, the international benchmark and the case study, considering the Brazilian implementation conditions, were defined 15 regulatory improvement propositions that will be detailed on the following items "a" to "o". These propositions are summarized in Table 17.

The airspace reality will significantly change after the conclusion of the ADS-B OUT implementation plan, impacting its users' behavior and improving the efficiency and the safety of the operations.

The published documents are not yet precise about how the new configuration regarding the ADS-B surveillance systems will be.

As a reference for the propositions, it was estimated an airspace profile configuration regarding the availability of ADS-B and its capabilities, that was built based on the gathered information and aiming the most suitable configuration that may be the target for the whole implementation. This profile is presented in Figure 26.

It is expected that the implementation of the required infrastructure will occur until 2025, so the several propositions should be considered at the appropriate moment. A suggested timeline schedule for the propositions' implementation is shown in Figure 27. Basic information for ADS-B planning.

Knowledge asset for the whole industry.

f. Above FL 290 equipage mandate and Oceanic airspace equipage mandate > FL 290 ADS-B required. Oceanic airspace ADS-B required.

Take advantage of better equipped RVSM operating aircrafts; Bring the surveillance benefits to the oil industry off-shore activities taking advantage of its capacity to promote the aircraft equipment installation.

Ensure full ADS-B benefits on a portion of the profile of the Brazilian airspace with nationwide coverage; Provide surveillance on the oceanic airspace.

g. Serviceable and compliant ADS-B OUT transponder must broadcast

If properly equipped shall transmit. Ensure a trustable signal. Safety. h. Proceedings for non-serviceable or non-compliant equipment and exceptions Define proceedings for noncompliant aircrafts.

Ensure flight conditions when the aircraft is not properly equipped.

Resolve exceptions and allow flights. To learn from the operational data. Knowledge based improvement of the whole system. k. Shared airspace ADS-B OUT mandate for RPAS and UAS Every RPAS or UAS that enters the ATM airspace shall be equipped.

For lower numbers of RPAS and UAS, ADS-B is appropriate to ensure its surveillance.

Provide conditions for the near future of the airspace. l. To declare that there are no additional broadcast services Inform airspace users that there is no: TIS-B; FIS-B; ADS-R.

Avoid confusion with other countries available capabilities.

Safety.

m. Quality of the broadcasted signal Define limits for the embed signal quality parameters: NUC, NIC, NAC, SDA, SIL.

Ensure minimum expected conditions for the system.

Safety.

n. Specific document addressing flight standards and airworthiness ADS-B aspects All aspects of flight standards and airworthiness regarding ADS-B stated on a document. Ensure system compliance.

Safety.

o. Future mandates and further applications Broaden the system coverage and mandates in a phased manner.

A strategy to achieve a full ADS-B airspace. ADS-B benefits as the general rule for the airspace. 

Code