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In the last years, aviation has experienced evident technological and regulatory developments, which, integrated with the global economic development, have enabled a considerable increase in the demand for air traffic. The consequences of considerable and rapid changes involve the human being's need to adapt. In other hand, even considering the improving of technological resources, the traffic demand is growing and the need to keep ANSP available H24 is each day stronger then, in the hard mental demanding activity that the ATCO is involved, it's necessary to deal with night shifts and avoid sleep deprivation.

In this work, we focus on the impacts related to fatigue on air traffic controllers, on aspects shifts management, in face of international and national regulations, in ANSP operated by INFRAERO, the Brazilian public company which manages airports and is responsible for the operation of 36 ATC Units (TWR and APP), aiming at analyzing and proposing alternatives to avoid fatigue and to optimize the use of the ATCO workload.
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With many scientific improvements, the Human Factors' (HF) area took great importance in the world of aviation. With the HF studies development, it was possible to understand some of the human limitations or facilities. One of the biological limitations is fatigue, which can decrease the attention capacity and the ability to execute complex activities. Fatigue can have many causes but among them, there are two that can cause more impact on the human body: the workload and sleep deprivation. ICAO (2020) pg. 23, affirm that:

The aviation industry provides one of the safest modes of transportation in the world. Nevertheless, a safety-critical industry must actively manage hazards with the potential to impact safety. Fatigue is now acknowledged as a hazard that degrades various types of human performance and can contribute to aviation accidents or incidents. Fatigue is inevitable in a 24/7 industry because the human brain and body function optimally with unrestricted sleep at night. Therefore, as fatigue cannot be eliminated, it must be managed.

According to the National Human Fatigue Commission of Brazil -CNFH (2017), fatigue consists of a complex and multidetermined phenomenon, mixing objective and subjective components that remain for long periods as a latent condition in operations. These particularities also presented a challenge to the investigation process of aeronautical occurrences, because due to the absence of adequate ways of measuring fatigue, it was not possible to attribute their contribution to critical events, inherent to activities in complex systems [START_REF] Cnfh | Comissão Nacional de Fadiga Humana -Investigation Guidance to Human Fatigue in Aeronautical Occurrences[END_REF]. [START_REF] Cnfh | Comissão Nacional de Fadiga Humana -Investigation Guidance to Human Fatigue in Aeronautical Occurrences[END_REF] reports that Brazil recorded 21 aeronautical occurrences that involved Fatigue as a contributing factor until 2017. Despite these records, it is suspected that many critical events occurred with the contribution of fatigue, however, as there was no methodology based on scientific information to investigate such occurrences, the work of the investigation teams was limited in this regard. Nevertheless, the development of interdisciplinary research on fatigue and its consequences has made it possible to change this scenario [START_REF] Cnfh | Comissão Nacional de Fadiga Humana -Investigation Guidance to Human Fatigue in Aeronautical Occurrences[END_REF].

In order to improve regulation aspects and to motivate the Signatory States to preserve ATCO from fatigue, the International Civil Aviation Organization (ICAO) published the Amendment 50 to ANNEX 11 which brings orientations and prescriptive limitations for States, for the Air Navigation Service Provider (ANSP), and for ATCO.

The Department of Air Space Control (DECEA), as the Air Traffic Control (ATC) authority in Brazil, is preparing new rules, instructions, and workshops to be in compliance with Amendment 50 to ANNEX 11.

INFRAERO, which manages ATC Units in different airports in Brazil, has to analyze the different shifts practiced considering the reality of each ANSP, which evolves the operational time, kind of service, team available, workload among other local characteristics that can influence the shifts composition, its relationship with the prescript limits established, and fatigue potential. This work has the objectives of understanding the national and international regulatory framework involved in fatigue management, presenting the concepts about fatigue related to the air traffic control routine, a survey of the different shifts practiced to ATCO at INFRAERO's ANSP, and propose possible improvement actions, with the goal of better fatigue management in the company.

Work Environment I have performed my internship at INFRAERO Air Navigation Management Superintendence

Office, from July, 06 th 2020, until October 09 th 2020.

INFRAERO is a public company responsible for managing most of the Brazilian airports and 46 ANSP, among Aerodrome Control, Procedural Approach Control, Vigilance Approach Control, and Aerodrome Flight Information Service. In September 2020, INFRAERO had a total of 663 ATCO.

Brazil is a continental-size country and even though its large size, INFRAERO is present in all Brazilian regions. From the amazon region, with strong logistic challenges and few but very important traffic movement to the southeast region, that involves states as São Paulo and Rio de Janeiro and concentrate a significant parcel of all the traffic flown in Brazil, up to the southernmost boundary, in Rio Grande do Sul, the particularities and needs of each ANSP are strongly different, which results in a powerful chain of management, composed by 5 regional offices, 5 management offices in the headquarter, and one Superintendence, that supports all the operational infrastructure to the ANSP.

The human factors prevention team that, among other routines, collects data from ANSP to subside the managers about the operator's needs, usually analyzes in the human factors reports all information from operators complaining about the fatigue caused by their shifts.

Facing this critical problem and considering the Amendment 50 to ANNEX 11, it was possible to identify that the Air Navigation Management Superintendence would be a great place to conduct internship.

To make this challenge possible, I invited Mrs. Stael Prata Mendes to be my internship's • Organize the data produced to compose and finish the thesis.

Mentor

Mrs. Stael is a Psychologist with large experience and diverse specific courses in human factors prevention. She is the human factors team leader at INFRAERO, makes many kind of assessments and consultancy to ANSP, is responsible for the TRM (Team Resources Management) program, that is derived from CRM (Crew Resources Management) and is applied on ANSP to promote a better performance on the operational teams. Another important process applied by the human factors team is the human factors periodical report, made after a visit to ANSP, interview with the operators and local Manager and observation of potential situations that require attention from the managers.

Recently Mrs. Stael was indicated to be a member of the Work Group conducted by DECEA, that is preparing the regulation of FRMS (Fatigue Risk Management System), where she is contributing with her large experience and knowledge about civilian ANSP and its peculiarities.

During the internship, before all working days I had briefings with Mrs. Stael. Because the pandemic situation imposed by COVID-19 and consequently home office condition, these briefings were done using WhatsApp and telephone calls. During the briefings, Mrs. Stael indicated me the way to reach the internship objectives and provided many bibliographic references indications that were fundamental for the internship and thesis production. It resulted in a great learning experience.

Working Method

Because of the pandemic state caused by COVID-19 in 2020, in some airports, the flight movement reached a decrease of almost 90% in comparison to the same period in 2019. As example, the Figure 01 shows the comparative air traffic movement in 2019 and 2020 at the airport "A".

INFRAERO decided to change the activities as much as possible from regular to "working from home" mode and many adjustments were made in the ANSP operational time, considering the traffic demand, as a way to preserve the maximum number of ATCO, to take care of their health, and also to have reserve personal if necessary to call of duty. Besides the pandemic period, that had started in March 2020, there were holidays season (December 2019 to February 2020). Analyzing this situation, many adjustments were made to the initial planning. Therefore, we concluded that it wouldn't make any sense to apply any kind of fatigue test to the ATCO during these periods, because their workload and schedules were quite different from usual, what could make the results invalid. Then, we considered November 2019 the last usual month to study the shifts. • Shifts applied in November 2019;

• Number of ATCO in each ANSP;

• Traffic movement in the last 3 years;

• Operational time in each ANSP;

• ATCO's ages.

To better understand how the shifts and fatigue management have been done in other countries, as a benchmarking and also to have ideas that can inspire the proposition of improvement of fatigue management at INFRAERO, we created a list of questions to be applied, initially sent by email to some contacts known at international courses at FAA, in 2011 and in 2017. From 14 known contacts, just 4 answered the questions. On a second try, using Google Forms and with the ENAC Course Coordinator help, it was possible to take 3 more questionnaires answered. Among those 3, two are from the same country. The answers were received from March until August 2020. The questions and answers are in Table 1. Considering that this questionnaire was answered by managers and ATCO, with their impressions and opinions, the names of their countries were changed to numbers and just the continent was identified. It is possible to observe that in most cases the time on a duty period varies from 8 hours to a maximum of 12 hours. The maximum weekly total time of work varies from 34 hours to 44 hours. The time between two duty periods has a great variation and the perception and complains about fatigue were registered in most of the cases. Due to the restrictions and changes on the schedules and traffic movement, as already explained, it was necessary to adapt de planning and consider other alternatives to take important data. So, one of the main tools applied to the internship and thesis was the bibliographic research, using technical and scientific references. highlight some important information, as follows:

Figure 2 shows the ANSP distribution of the 26 airports that have ATC.

Figure 2-ATC Units distribution

The operation H24 is present in 17 of that ANSP. The time of operation of the other ANSP is different, depending on the traffic demand, and usually is combined with the airport operational time.

The Figure 03 shows the different time of operation at Infraero ANSP. The medium traffic movement of the last 3 years shows great differences among the ANSP that goes from 6.000 to 278.907 movements at aerodrome and 9.160 to 77.669 movements at TMA.

Other important data is the different shifts practiced in that ANSP, most of them in rapid counterclockwise rotation, as represented in Figure 05. In the ANSP that operate H24, with a 4x1 (6h) shift, the midnight duty period usually goes from 00:00 to 06:00 (local time) and with 3x2 (8h) shift, from 22:00 to 06:00 local time.

An important piece of information is that, with the objective of promoting better integration among operators, generally the operational teams are composed of the same ATCO. (E.g.: the same team that will be in the schedule for today afternoon, will be on the schedule for tomorrow night).

As it will be detailed in the regulatory framework items, DECEA classified the ATC Units considering the medium traffic movement of the last 3 years, as shown in table 5. From all the ANSP in this research, just 3 TWR have classification different from class 4, one of them is class 2 and the other 2 TWR are class 3, as shown in Figure 06. In the surveillance, it was also observed the ATCO ages in INFRAERO. To make it easier to organize, the information collected was divided by range of ages, as follows in the table 2 and represented in the Figure 07: 

Fatigue Concepts

In a survey that NASA applied to FAA's ATCO about fatigue NASA (2012) they reported that in the year analyzed, 18% of ATCO had experienced an operational incident and amongst 56% of them mentioned that self-identified fatigue as a contributor.

There is a great movement among many signatory countries to be in compliance with the Amendment 50 to ANNEX 11. Many studies are trying to go deep into the causes of ATCO fatigue. One of the core subjects is that the most important and sensible piece of the system is affected: the human being. Fatigue can be strongly related to the activity involved that in most situations make it necessary to operate H24 in the ANSP. There is no other way to keep the services working but making the ATCO at work in midnight shifts.

As defined by [START_REF] Mota | Fadiga: uma análise do conceito[END_REF], cited in [START_REF] Pellegrinelli | Análise da Fadiga no Tripulante da Aviação Executiva -Available from[END_REF], the term "fatigue" is derived from the Latin fatigãre and extends from antiquity, and it can be observed in humans and objects. In human beings, the concept of such a phenomenon is not yet fully understood by health professionals. There is no consensus regarding the definition of fatigue when exposed to different professional areas.

The Skybrary website Skybrary (2020) brings some important descriptions about fatigue that can help to understand the types and signs of fatigue:

There are three types of fatigue: mental, visual, and physical. Operational air traffic controllers are mainly affected by mental and visual fatigue. Fatigue can come on quite rapidly after a period of working, in which case the symptoms can be easier to detect. Alternatively, it can build up gradually and the air traffic controller or engineer may not necessarily recognize that they have become fatigued.

Operational staff awareness of fatigue

Quite often there may be early tell-tale signs of fatigue in air traffic controllers, for example:

• Missing pilot calls or readbacks, possibly having to ask pilots or colleagues to repeat information.

• Forgetting routine tasks (such as strip marking or transferring an aircraft to the next sector).

• Starting to fall behind in planning, maybe being caught out or surprised by something that you would normally anticipate in good time.

As fatigue becomes more obvious, the warning signs could be:

• Not seeing an aircraft when planning from the radar due to narrowed attention.

• Confusing the steps of a plan, possibly having to change a plan.

• Missing warning indications.

• Impaired team working or leadership -not communicating well with colleagues or taking longer to tell others what to do.

• Finding it harder to concentrate on the ATC situation and being more easily distracted.

• Irritability -pronounced irritability and moodiness very often triggered by routine tasks or any other trivial stimulus.

If you see these signs in yourself or colleagues, it is important to consider that fatigue may be the cause. Air traffic engineers are likely to see other tell-tale signs of fatigue in their own performance. Air traffic controllers and engineers need to recognise the signs and know how to respond in order to keep their performance acceptable and the operation safe.

Recognising fatigue in operational staff

Operational managers or supervisors have a responsibility to monitor for fatigue in the operational staff they manage. They are in a good position to look out for signs of fatigue in their staff and will also be the person who may need to support staff showing symptoms of fatigue. Bearing in mind that an individual may fail to recognise or acknowledge that their performance is being degraded by fatigue, there are outward indications a supervisor or manager should look out for, including:

• Yawning and generally looking weary, closed eyes or even inability to stay awake.

• Less communication or interactions -becoming quieter and more withdrawn.

• Asking to carry out quieter or easier roles.

• Uncharacteristic task performance, such as inability to manage typical workload levels, an increase in mistakes.

• Uncharacteristic behaviours such as reduced motivation, irritability or moodiness.

Although performance can change for other reasons, it is always prudent for a manager or supervisor that detects one or more of the above to explore whether fatigue may be involved.

They need to be prepared to take appropriate steps to give the air traffic controller an opportunity to rest. [START_REF] Ned | Fadiga nos Controladores de Tráfego Aéreo: Uma Realidade[END_REF] describes two kinds of fatigue: acute and chronic. Acute fatigue is related to an exhausting workday, when it is necessary for ATCO to pay attention and focused reason, as agility on the reasoning for a long time exerting the function of air traffic control or when the controller gets involved in a situation where the safety is compromised, increasing the level of stress. When these situations happen on time, a good night's sleep removes the condition of acute fatigue. Chronic fatigue is related to persistent factors that affect the work capacity of air traffic controllers and that lead to both psychological and physiological effects. The effects of chronic fatigue are loss of appetite, weight loss, insomnia, and depression [START_REF] Ned | Fadiga nos Controladores de Tráfego Aéreo: Uma Realidade[END_REF]. [START_REF] Vincenzo | Efeitos circadianos tipologia do comportamento sonovigília dos controladores de tráfego aéreo[END_REF], cited in Sonati, Martino and Vilatra (2016), described that generally, workers can adapt themselves to shiftwork, but the adaptations depend on endogenous factors, like gender, age, and personality, and exogenous factors, like the kind of job and social and environmental conditions, to guarantee that the changes won't harm the worker's health.

In a MITRE report [START_REF] Gawron | Human Performance and Fatigue Research for Controllers -Revised[END_REF], the factors that can influence fatigue to ATCO and their effects are described in Table 4: Source: [START_REF] Gawron | Human Performance and Fatigue Research for Controllers -Revised[END_REF] In Table 4 it's possible to observe that in some studies there are other aspects related that can lead an ATCO to fatigue, that are not directly linked to work.

One of the most related factors that cause ATCO fatigue is sleep deprivation. ICAO (2018) in the new amendment of ANNEX 11 tries to explore principally the need to preserve the necessary time to rest and sleep and prescribe other cares that must be taken by States, ANSP, and ATCO to guarantee the necessary time to sleep and to have meals, as defined in ICAO (2020):

• The regulator is responsible for providing a regulatory framework that enables adequate fatigue management and ensuring that the service provider is managing fatigue-related risks to achieve an acceptable level of safety.

• Service providers are responsible for providing fatigue management education, implementing work schedules that enable individuals to perform their duties safely, and having processes for monitoring and managing fatigue hazards. 

Workload

From the 4 basic principles about fatigue management described, the only one that is not directly related to the need for sleep is the workload influence.

ICAO (2020) describes workload as "mental or physical activity" and recognizes it as a potential cause of fatigue. The workload is, however, a complex concept and there is no universal definition or agreed way of measuring it. However, three aspects of the workload are commonly identified:

1. The nature and amount of work to be done (including time on task, task difficulty and complexity, and work intensity).

2. Time constraints (including whether the timing is driven by task demands, external factors, or by the individual).

3. Factors relating to the performance capacity of an individual (for example experience, skill level, effort, sleep history, and circadian phase).

ICAO (2020) explains that for each type of operation being regulated the factors contributing to workload and the consequences of workload need to be considered. They are likely to be quite different in one operational situation compared to the next. For example, the nature of the workload will be very different in air traffic control compared to the flight crew, but also different in an en route centre compared to a control tower or in short haul compared to long-haul flight operations (ICAO 2020).

For ICAO (2020), across most types of operations, there is fairly wide acceptance of the concept that intermediate levels of workload may contribute least to performance impairment. Low workload situations may lack stimulation, leading to monotony and boredom, which could unmask underlying physiological sleepiness and thus degrade performance. Instead of leading to boredom, a low workload can also result in an individual making a greater effort to remain engaged, which in turn increases their workload. On the other end of the spectrum, high workload situations may exceed the capacity of a fatigued individual, again resulting in poorer performance. High workload may also have consequences for sleep, due to the time required to "wind down" after demanding work (ICAO 2020). [START_REF] Spencer | A review of the current scheme for the regulation of air traffic controllers hours (SCRATCOH)[END_REF], cited in ICAO (2020), found some evidence for self-rated workload and time-on-task having interactive effects on fatigue in a field study of fatigue ratings made by ATCOs. When the self-rated workload was low, fatigue ratings remained relatively stable for continuous work periods up to 4 hours. However, when the workload was high, there was a rapid increase in fatigue after 2 hours of continuous work. These effects of the workload became more evident after controllers had been awake for at least 12 hours. The time-of-day variation in fatigue ratings was also influenced by the workload, being more marked at low and high levels of a workload than at intermediate levels. Operationally, breaks during a duty period are an important way of reducing the decline in performance with increasing time-on-task (ICAO 2020). [START_REF] Hopkin | Human factors in air traffic control[END_REF] cited in [START_REF] Tomic | Strategies to Overcome Fatigue in Air Traffic Control Based on Stress Management[END_REF] defines that workload is experienced differently between ATCOs which depends on experience, skills, motivation, tiredness, and also on their coping skills. The efforts needed to cope with a high workload can only be sustained for a certain period of time and they affect the performance of the individual. Air traffic controllers experience mental demand as a source of workload. Mental demand is a concept, which is connoted to the general cognitive operations of thinking, deciding, and mental arithmetic, remembering, and searching (TOMIC and LIU, 2017).

Spencer

Motter (2007) describe that the workload, the result of a relationship between the "human beings and their circumstances", depends on a series of questions regarding working life, such as age, gender, experience, training, socio-cultural insertion, expectations of achievement at work, the will, desires, and dreams, particular to each individual worker.

For [START_REF] Lamoureux | The influence of aircraft proximity data on subjective mental workload of controllers in the air traffic control task[END_REF] cited in [START_REF] Motter | Análise da Carga de Trabalho em Sistemas Complexos: Gestão da Variabilidade e Imprevisibilidade nas Atividades do Controlador de Tráfego Aéreo[END_REF] the complexity of these cognitive operations and, consequently, the burden of mental work of the controller is further influenced by the time that the controller has to undertake them. With the reduction of minimum separation, the controller will have less time to conduct these cognitive activities, thereby requiring greater effort from the controller's mental resources and increasing the subjective mental workload. With the volume of air traffic increasing each year, it is conceivable that reducing the air traffic minimum separation, to accommodate this increase in demand, will present the controller with more difficult situations to be developed on the timescale [START_REF] Motter | Análise da Carga de Trabalho em Sistemas Complexos: Gestão da Variabilidade e Imprevisibilidade nas Atividades do Controlador de Tráfego Aéreo[END_REF].

Motter (2007) explain that a workload increase is not associated only with the information processing (number of aircraft controlled) but also with the tension supported by the controller, due to uncertainty and emergence in various control situations (demand complexity). When referencing [START_REF] Falzon | Display structures: compatibility with the operator's mental representation and reasoning process[END_REF] adapted from [START_REF] Lamoureux | The influence of aircraft proximity data on subjective mental workload of controllers in the air traffic control task[END_REF], [START_REF] Motter | Análise da Carga de Trabalho em Sistemas Complexos: Gestão da Variabilidade e Imprevisibilidade nas Atividades do Controlador de Tráfego Aéreo[END_REF] registered that the aircraft from which the trajectories won't interact in any near time, won't be considered by the ATCO as contributors to their workload, but those aircraft that perform trajectories that will interact will contribute to their subjective mental workload. This led to the conclusion that the fundamental reaction of the subjective mental workload of the ATCO is related to the decision-making process, with mental calculations and with the projections involved in the successful air traffic control [START_REF] Motter | Análise da Carga de Trabalho em Sistemas Complexos: Gestão da Variabilidade e Imprevisibilidade nas Atividades do Controlador de Tráfego Aéreo[END_REF].

Sleep Science and its Effects on ATCO's Fatigue:

Most of the factors found and explored in the literature shows strong evidence that the shifts in what the ATCO are involved in ANSP that in many cases have to operate H24 are directly related to sleep deprivation, caused by the time and length of rest and consequently circadian body clock impacts. Due to the fact of dealing with the great challenge that is to find the best way to reduce the impacts of sleep deprivation, there are many studies and publications about sleep science involving shiftwork and ATCO, as related in the following topics: ICAO (2020) explains that the optimal amount of sleep per night varies amongst individuals, but most healthy adults require between 7 and 9 hours of sleep. There is a widespread belief that sleep time can be traded off to increase the amount of time available for waking activities in a busy lifestyle.

Sleep science makes it very clear that sleep cannot be sacrificed without consequences. For ICAO (2020), sleep has multiple functions -the list keeps growing -but it is clear that it has vital roles in memory and learning, in maintaining alertness, performance, and mood, and in overall health and well-being. In this context, it is described that there are two types of sleep: This process is divided into three stages, based on the characteristics of the brainwaves:

Stages 1 and 2 represent lighter sleep (it is not very difficult to wake someone up). It is usual to enter sleep through Stage 1 and then reach Stage 2 in non-REM sleep.

Stage 3 of non-REM sleep is also known as slow-wave sleep (SWS) or deep sleep.

For ICAO (2020), basically, in slow-wave, sleep the brain stops processing information from the outside world and a huge number of brain cells (neurons) start firing in synchrony, generating big, slow electrical waves. More stimulation is needed to wake someone up than from non-REM Stages 1 and 2.

Waking up from SWS, various parts of the brain have to reactivate in sequence. During SWS, consolidation of certain types of memory is occurring, so SWS is necessary for learning.

ICAO 2020 explains that the longer you are awake and the more physically active you are, the more slow-wave activity your brain will show in your next sleep period. This slow-wave activity reflects your brain's need for sleep that has built up while you are awake.

It is often described as the "sleep homeostatic process". Thus, SWS fits the traditional idea that sleep somehow restores you from the demands of waking activities (ICAO 2020).

RAPID EYE MOVEMENT SLEEP

According to ICAO ( 2020 During this period, the brain is repairing itself and information is consolidated from the previous day and being sorted and related to stored memories. People awakened from REM sleep can typically recall vivid dreaming. During REM sleep, the body cannot move in response to signals from the brain so dreams cannot be acted out (the signals effectively get blocked in the brain stem and cannot get through to the spinal cord). People sometimes experience brief paralysis when they wake up out of a dream when the reversal of this "REM block" is slightly delayed. Because of these features, REM sleep is sometimes described as a "busy brain and paralyzed body" (ICAO 2020). In Figure 08 it can be observed that in each non-REM/REM sleep cycle across a normal night of sleep, the amount of slow-wave sleep decreases (there may be none at all in later cycles) and, on the other hand, the amount of REM sleep increases, as described below (ICAO, 2020):

THE NON-REM

The shaded boxes indicate REM periods.

"A": Representation of the progress of sleep from stage 1 to stage 2;

"B": Slow-wave sleep;

"C": Shift out of slow wave sleep often marked by body movements, with transition for the first REM;

"D": After a fairly short period of REM, the sleeper progresses back down through lighter non-REM sleep and into slow wave.

SLEEP INERTIA:

It is the name of the feeling of grogginess or disorientation that people experience when they first wake from sleep. Van 

INTEGRATION BETWEEN CIRCADIAN CYCLE AND HOMEOSTATIC PRESSURE

The integration between the circadian cycle and homeostatic pressure process determines the time of sleep and result in the regulation of the sleep-wake cycle. NASA (2012) explains that the rapid satisfaction of homeostatic drive makes naps beneficial. However, even when one is sleep-deprived and homeostatic pressure is strong, circadian factors may be in conflict, especially during the day, making sleep difficult. Figure 09 For ICAO (2020), the circadian body clock and the sleep homeostatic process interact to produce two times of peak sleepiness in 24 hours:

1. Sleepiness is greatest when people are awake during the WOCL, which occurs around 03:00 to 05:00 AM for most people on a normal routine with sleep at night. The combined effects of the sleep homoeostatic pressure and the circadian body clock can be thought of as defining 'windows' when sleep is promoted (the early morning and afternoon times of peak sleepiness) and 'windows' when sleep is opposed (the time of the internal alarm clock in the late morning, and the evening wake maintenance zone) (ICAO 2020). • Sleep quality and aging: NASA (2012), after have been conducted research into FAA ATCO about fatigue, found, when examining demographic factors, only one main effect of age: Older and more experienced controllers responded faster than younger ones, an effect detected when age and experience levels were tested as moderators of the within-shift fatigue effect (i.e., from beginning to end of a shift). That study concluded that age and experience moderated the cumulative fatigue effects across the week. Older controllers showed less decrement in alertness over the week than younger ones. The same study found that Controllers older than 40 years old also performed less well on tasks associated with higher speed and greater working memory. However, when older controllers rated their mental alertness as high, their performance was also higher. [START_REF] Gawron | Human Performance and Fatigue Research for Controllers -Revised[END_REF], citing [START_REF] Costa | Fatigue and Biological Rhythms[END_REF], explains that there is evidence that suggests shift workers become less resistant to stress and more susceptible to fatigue due to disruptions to their circadian rhythms and increased sleep disturbances as they age. In the same report, [START_REF] Gawron | Human Performance and Fatigue Research for Controllers -Revised[END_REF] describes that some countries, like U.S. and Germany, apply reduced shift length to older ATCO.

• Caffeine, nicotine, and alcohol: Caffeine is a substance that can be found in coffee, some teas, chocolate, and some drinks. It is a stimulant that has an alerting or wake up effect. In this topic, it's important to aboard that possible, the intention of the authors is to refer to some diseases that may affect the sleep quality, but even when found some references to some non-work-related as family responsibilities, social and leisure engagements, emotional stress, and individual factors, as in table 3, there are some important information found in bibliography produced about researches applied in some ANSP in Brazil. They refer to life quality, directly involved with salaries and health, as follows:

Sonati, Martino, and Vilatra (2016) conducted research with the ATCO in one of the busiest airports in Brazil. They found some important data that can help to understand other factors related to life quality and fatigue. The identification of overweight, excess body fat, and blood pressure readings above the normal range in 20% of the participants indicated the need to improve health indicators. These data corroborate other studies that reported a relationship between work shift and metabolic disorders (for example, insulin resistance, dyslipidemia, metabolic syndrome, and obesity). On the other hand, the same study describes that the distance between the workplace and workers' homes also determines the need to wake up several hours before the work shift; the morning shift that starts at 6 am is more likely to disrupt nighttime sleep. All these factors combined can influence the negative perception of ATCO's quality of life.

▪ [START_REF] Vidal | Relatórios de pesquisas ergonômicas realizadas no controle de tráfego aéreo do Rio de Janeiro (APP/RJ)[END_REF] cited in Araujo (2000), state that the salaries of professionals in the Brazilian Air Traffic Control System are too low for the degree of responsibility they have on their shoulders. Among the requirements for engaging the air traffic controller profession, there is no superior education requirement. After approval in a public competition, the candidate receives a 9-month theoretical training. In Brazil, the ATCO profession is not regulated and there is no robust career path. Many either enter a superior education degree in another profession after completing the ATCO course. Thus, combining the lack of growth prospects in the profession with the perception of low pay, air traffic controllers often perform other professional activities, which can significantly contribute to fatigue [START_REF] Araújo | O Trabalho na Aviação e as Práticas de Saúde sob o Olhar do Controlador de Tráfego Aéreo[END_REF].

SLEEP DEPRIVATION:

Pellegrinelli et al (2015) define that sleep deprivation is related to progressive mental disfunction and unusual behavior tasks of the nervous system. As shown in figure 10, it's possible to observe that 7 to 12 hours workload, the accident risk increases 2 times in the 12 th hour. ICAO (2020) reports that the shorter the time allowed for sleep each night, the faster alertness and performance decline. For example, one laboratory study found that spending seven hours in bed for seven consecutive nights was not enough to prevent a progressive slowing down in reaction time.

The decline was more rapid for a group of participants who spent only five hours in bed each night, and even more rapid for a group who spent only three hours in bed each night. This is described as a dose-dependent effect of sleep restriction. Figure 12 summarizes the results of this study [START_REF] Balkin | Effects of sleep schedules on commercial motor vehicle driver performance[END_REF], referenced by ICAO (2020). 

Shift Work

ICAO (2020) describes that from the perspective of human physiology, shift work can be defined as any duty pattern that requires a crew member to be awake during the time in the circadian body clock cycle when they would normally be asleep if they were free to choose their own schedule.

For ICAO (2020), the further sleep is displaced from the optimum part of the circadian body clock cycle, the more difficult it becomes for individuals to get adequate sleep (i.e., the more likely they are to experience sleep restriction). For example, individuals working at night are typically on duty through most of the optimum time for sleep in the circadian body clock cycle. This happens because the circadian body clock is 'locked on' to the day/night cycle and does not flip its orientation to promote sleep during the day when an individual is awake and working at night.

Speed and Direction of Shift Rotation

There For EUROCONTROL (2018), In the clockwise rotation (also called forward rotation), the work week starts with a day shift, rotating later in the week to an afternoon shift, and finally changing to a night shift. In the counterclockwise (backward rotation), the work week starts with an afternoon shift, then advances to an early day shift, to finally ends with a night shift.

In the USA and some European countries, most ATCOs work rapid counterclockwise rotation.

One of the advantages of this kind of organization is the fact that it makes for a greater number of hours off in the weekend for controllers. It also eliminates the need for controllers to work more than a one-night shift in a single week, and it gives a long recovery period following the single night shift.

Among the disadvantages, this type of scheduling is in opposition to the natural biological clock, and it only gives short rest periods between shifts (8 hours), often scheduled in daytime (EUROCONTROL, 2018). As our internal body clock would naturally regulate our body functions (e.g. temperature) on a 25 hour basis (instead of 24h), our natural tendency in absence of external cues would be to delay our sleep cycle i.e. to go to bed later in the night and to get up later the following morning.. Consequently, the typical backward rotation is in contrast with our sleep-wake cycle (EUROCONTROL, 2018).

Schedule Factors

In a Survey applied to FAA ATCO, NASA (2012) concluded that of all aspects of their jobs, respondents were least satisfied with their schedules and felt that their schedules contributed most to their fatigue. They had a higher proportion of counterclockwise rapidly rotating schedules, especially with midnight shifts, and a lower proportion of straight shifts without midnights than the 1999 survey sample. Although over half (54%) of all respondents in the sample did not regularly work midnight shifts, those who did regularly work the midnight shift scored significantly higher on the Modified Brief Fatigue Inventory, Chronic fatigue Scale, and the Epworth Sleepiness Scale in comparison to those who do not regularly work the midnight shift.

Quick turns: About half (51.8%) of the survey respondents described their regular schedules as having a quick turn (8 or 9 hours between shifts) before a morning or midnight shift.

The average duration of sleep before morning shifts during these quick turns was reported as 5.4 hours. This reported sleep duration was consistent with an earlier objective field study, an earlier lab study, and the current field study (NASA, 2012).

On quick turns before midnight shifts that began on the same day, controllers reported 3.1 hours of sleep. When respondents' self-reported ratings of mental sharpness at the end of the shift, the midnight shift following a quick turn ranked as the lowest among all shift types. For midnight shifts following quick turns, respondents also indicated that they felt least rested at the beginning of their shift and more likely during their shift to catch themselves "about to 'doze off'" during work duties when compared to all shift types (NASA, 2012).

Scheduling

Gawron et al (2011) lists three of the factors that contribute to workplace fatigue:

• working against the circadian rhythm;

• the duration and workload of shifts as well as the number of breaks during a shift; and

• working without enough restorative prior sleep.

The time for sleep opportunity, breaks and naps during work and regular, overtime, emergency, and on-call schedules that are in line with psychological principles must all be incorporated when managing fatigue risk, but of these, time for sleep opportunity was said to be the most important as shiftwork allows for sleep debt accumulation and generally does not allow for recovery sleep to be obtained during the workweek (GAWRON ET AL, 2011) . For a worker that has a minimum of 10 hours off between shifts, it has been suggested at least from 7 to 8 hours of sleep. There is also scientific evidence highlighting the need to have breaks even when sleep is in accordance with the circadian rhythm ( [START_REF] Van Den Heuvel | A Review of Fatigue Management Research Literature and Current Air Traffic Control Practices for AirServices Australia[END_REF], cited in GAWRON ET AL, 2011).

The frequency of breaks needs to be dynamic and change according to workload. Scheduling practices also need to be dynamic and change according to currently available research on the subject.

Napping can compensate for fatigue and increase performance, but sleep inertia and the feasibility of incorporating naps into the work environment requires more investigation ( [START_REF] Van Den Heuvel | A Review of Fatigue Management Research Literature and Current Air Traffic Control Practices for AirServices Australia[END_REF], cited in GAWRON ET AL, 2011).

200 mg of caffeine taken 30 minutes before driving after 5 hours of sleep has been shown to increase performance for up to two hours ( [START_REF] Van Den Heuvel | A Review of Fatigue Management Research Literature and Current Air Traffic Control Practices for AirServices Australia[END_REF], cited in GAWRON ET AL, 2011).The International Labor Office states that ATCs should work no more than two consecutive night shifts. There is some evidence that says four recovery days are needed after a worker works seven consecutive night shifts, however, research in this area is required for scientifically based guidelines to be developed ( [START_REF] Van Den Heuvel | A Review of Fatigue Management Research Literature and Current Air Traffic Control Practices for AirServices Australia[END_REF], cited in GAWRON ET AL, 2011). The ANSP follow the rules defined by DECEA, which is the Regulatory Body of the Brazilian Airspace Control System and, in turn, as a signatory member, follows the rules and recommendations of ICAO. Thus, it defines specific rules to be applied by the Brazilian ANSP, through ICA 63-33, which deals with the Working Hours of ATCO personnel.

ICAO presents its criteria and recommendations through ANNEX 11 -Air Traffic Services, and also through DOC 9966 -Manual for the Oversight of Fatigue Management Approaches.

Thus, despite the rules specifically established for the air traffic service, INFRAERO's ANSP must also follow the labor legislation established at the national level and also the set of criteria defined in all documents that address the subject, integrated, defining the criteria for preventing ATCO fatigue and the way in which the ANSP will develop their service schedules.

The regulatory framework that involves INFRAERO'S ANSPs due to ATCO fatigue management is identified in the Figure 13. ANNEX 11 -Air Traffic Services: Item 2.28 presents the criteria to States and ANSP to apply Fatigue Management. It also states that the instructions are appliable up to 05 NOV 2020.

In the following instructions, there is a note, explaining the DOC 9966, which is the Manual for the Oversight of Fatigue Management Approaches.

Then, it is required that the States establish regulations for managing fatigue in provision of air traffic control services and it must involve: a) ICAO (2018) p. 105, define the prescription of scheduling limits in accordance with APPENDIX 5:

1. States shall establish prescriptive limitation regulations that take into account acute and cumulative fatigue, circadian factors and the type of work being undertaken. These regulations shall identify: a) the maximum: i) number of hours in any duty period;

ii) number of consecutive workdays;

iii) number of hours worked in a defined period; and iv) time-in-position; b) the minimum: i) duration of non-duty periods;

ii) number of non-duty days required in a defined period; and

iii) duration of breaks between periods of time-in-position in a duty period.

2. States shall require that the air traffic services provider identify a process for assigning unscheduled duties that allows air traffic controllers to avoid extended periods of being awake. e) be communicated, with visible endorsement, to all the relevant areas and levels of the organization;

The processes established by

f) declare management commitment to effective safety reporting; g) declare management commitment to the provision of adequate resources for the FRMS; h) declare management commitment to continuous improvement of the FRMS; i) require that clear lines of accountability for management, air traffic controllers, and all other involved personnel are identified; and j) require periodic reviews to ensure it remains relevant and appropriate.

Note. -Effective safety reporting is described in the Safety Management Manual (SMM) (Doc 9859).

FRMS documentation

An air traffic services provider shall develop and keep current FRMS documentation that describes and records: a) FRMS policy and objectives; b) FRMS processes and procedures; c) accountabilities, responsibilities and authorities for these processes and procedures; d) mechanisms for ongoing involvement of management, air traffic controllers, and all other involved personnel; e) FRMS training programmes, training requirements and attendance records; f) scheduled and actual duty and non-duty periods and break periods between periods of timein-position in a duty period with significant deviations and reasons for deviations noted; and

Note. -Significant deviations are described in the Manual for the Oversight of Fatigue Management Approaches (Doc 9966).

g) FRMS outputs including findings from collected data, recommendations, and actions taken.

Fatigue risk management processes

Identification of fatigue-related hazards

Note.

-Provisions on the protection of safety information are contained in ANNEX 19.

An air traffic services provider shall develop and maintain three fundamental and documented processes for fatigue hazard identification: 2.2 Fatigue-related risk assessment 2.2.1 An air traffic services provider shall develop and implement risk assessment procedures that determine when the associated risks require mitigation.

2.2.2

The risk assessment procedures shall review identified fatigue hazards and link them to: a) operational processes; b) their probability; c) possible consequences; and d) the effectiveness of existing preventive controls and recovery measures.

Risk mitigation

An air traffic services provider shall develop and implement fatigue risk mitigation procedures that:

a) select the appropriate mitigation strategies; b) implement the mitigation strategies; and c) monitor the strategies' implementation and effectiveness.

FRMS safety assurance processes

The air traffic services provider shall develop and maintain FRMS safety assurance processes to:

a) provide for continuous FRMS performance monitoring, analysis of trends, and measurement to validate the effectiveness of the fatigue safety risk controls. The sources of data may include, but are not limited to:

1) hazard reporting and investigations;

2) audits and surveys; and

3) reviews and fatigue studies (both internal and external); b) provide a formal process for the management of change. This shall include, but is not limited to:

1) identification of changes in the operational environment that may affect the FRMS;

2) identification of changes within the organization that may affect the FRMS; and

3) consideration of available tools which could be used to maintain or improve FRMS performance prior to implementing changes; and c) provide for the continuous improvement of the FRMS. This shall include, but is not limited to:

1) the elimination and/or modification of preventive controls and recovery measures that have had unintended consequences or that are no longer needed due to changes in the operational or organizational environment;

2) routine evaluations of facilities, equipment, documentation and procedures; and

3) the determination of the need to introduce new processes and procedures to mitigate emerging fatigue-related risks.

FRMS promotion processes

FRMS promotion processes support the ongoing development of the FRMS, the continuous improvement of its overall performance, and attainment of optimum safety levels. The following shall be established and implemented by the air traffic service provider as part of its FRMS: a) training programmes to ensure competency commensurate with the roles and responsibilities of management, air traffic controllers, and all other involved personnel under the planned FRMS; and b) an effective FRMS communication plan that:

1) explains FRMS policies, procedures and responsibilities to all relevant stakeholders; and

2) describes communication channels used to gather and disseminate FRMS-related information.

ICAO (2020), in a simple explanation, brings two different points of view about fatigue management. First, a conceptual and scientific explanation about the circadian cycle, effects of fatigue on the human body, and how it can affect the attention capacity in complex activities, even bringing some examples of how to avoid and deal with fatigue in some extreme cases. The other aspect fully detailed in ICAO ( 2020), which is considered to be the most important, is the regulation about fatigue management with rich details about what is defined at ANNEX 11, as seen before, with two approaches: the prescriptive and the FRMS. Then, in the next paragraphs, many important details about the criteria that have to be followed by States and, consequently, by the ANSPs, will be explained.

There is a Chapter about regulatory oversight that mentions that "States must ensure compliance with all the prescriptive limitations, regulations, and variation requirements, as well as the management of fatigue risk through SMS processes and training obligations". Then, there is defined how compliance should be demonstrated by ANSP, with four main subjects: prescriptive limitations, variation processes, meeting SMS obligations, and training.

ICAO (2020), p.168, explains the prescriptive fatigue management regulations, defined on ANNEX 11, APPENDIX 6. There are important explanations about why each prescribed item is established:

Limiting the maximum number of hours worked in any duty period allows provision of an adequate opportunity for sleep recovery to address transient fatigue. Limiting the number of consecutive workdays and the number of hours worked in a defined period is a mechanism for providing adequate recovery from cumulative sleep loss. While it is recognized that time spent in-position may be associated with varying workloads, the intent of limiting time-inposition is to specifically address the difficulties of maintaining performance under high workload conditions. For operations where time-imposition is related to only moderate and low workloads, the State may choose to prescribe time-imposition limits for specified operations or may require the ATS provider to seek a variation to the prescribed limits.

Identifying minimum non-duty periods ensures that duty hours cannot be consistently split across a defined period in such a way as to prevent unbroken periods of recovery sleep.

Identifying a minimum number of non-duty days in a defined period provides further opportunity for recovery from cumulative sleep loss. Identifying minimum duration of breaks between periods of time-in-position aims to specifically address the need to recover from periods of high workload in order to maintain performance.

ICAO (2020), p. 169, suggests that States shall require that the ANSP must assure that unscheduled duties won't make ATCO be subjected to extended periods of being awake. It's also defined that any request for deviation must follow minimum requirements, as: "the reason for the need to deviate, the extent of the deviation, the date and time of enactment of the deviation; and a safety case, outlining mitigations, to support the deviation".

One of the sections of DOC 9966 most related do the composition of ATCO shifts is contained in APPENDIX D, which addresses prescriptive parameters to fatigue management for Air Traffic Controllers. The text highlights that this is an example of how prescriptive limitations should be defined and explain that differences of culture between States can lead to different perceptions as to what is acceptable and what is not. Then, there are two symbols described applied to refer to prescriptive limitations:

(*) each State may insert a value it considers appropriate to manage fatigue.

[ ] indicate a typical value.

It suggests also that States examine the numerical values of other States' systems for further guidance.

In the Item D1, the Service Provider's Responsibilities for prescriptive limitations are explained as follow: a) Service schedules should be made available to ATCO as early as possible so that they can plan adequate rest and avoid fatigue due to inadvertent large variations. These documents must contain the minimum period of (*) days;

b) It's necessary to establish minimum non-work periods to provide adequate rest such that the ATCO can achieve a suitable sleep period and other physiological requirements; c) There must be given opportunities to consume a meal when duty period exceeds (*) hours;

d) The ANSP should not require an ATCO to make any task related to safety if it's known that DECEA (2019), p.28, also establishes a table for classification of ATC, defining movement criteria for calculating the number of operators and the monthly workload. Table 6 defines the classification of the ATC Unit considering the media of annual movements of the last 3 years. 2019) also defines that to calculate the operational staff, the expected movement of air traffic must be taken into account for each shift time. The largest expected hourly movement of the service shift will be used to define the operational positions of the shift [START_REF] Decea | ICA 63-33 -Working time to personal ATC[END_REF].

With the operational positions of all defined day shifts, it will be possible to calculate the minimum operational staff . In the composition of the operational staff, it should be noted that trainees cannot be part of the staff of the ATC Unit. Their participation being restricted to instruction (DECEA,

2019)

NOTE: This expected movement will be the average of the 365-day movement of the previous year.

DECEA (2019), p.30, shows a table defining the number of operational teams correlating to the number of duty periods, considering the operating time of the ATC, as demonstrated in Table 7. It is important to highlight that there is a note related to this table, where it is defined that for civilian ANSP, daily duty shifts and the number of teams must comply with the specific legislation in force, without prejudice to compliance with the requirements and criteria for calculating operational personnel and other provisions established in DECEA ( 2019). This note refers to possible conflicts with the Labor law Consolidation. 2019) also explains that to determine the operational staff of an ATC, it has to be taken into account the number of duty periods, how long are the duty periods, the number of operational positions activated and necessary to each duty period, considering the expected demand, and the base monthly workload.

(1) The state defines several rules on operational duty rosters in ICA 63-33 (DECEA, 2019).

They must be elaborated, approved, and kept in an easily accessible place. The planning of the operational duty rosters has to consider vacations, training, courses, and other kinds of temporary absence from the operational service, to make it possible to maintain the teams in an adequate equilibrium during the whole year. This planning has to take into account these criteria:

(a) Organization: The operational duty rosters must be planned in the way that the daily and night duty periods, weekends and holidays, or common days, be distributed as much as possible. The shifts' distribution must enable personnel to perform all duties of their specialty in the ATC. Whenever possible, and if it is the case of several functions in the same ATC, the process of rotation of functions in the different shifts should be used, so that the expected monthly workload for each type and class of ATC Unit must be observed, when applicable, as established in ICA 63-33;

(i) A balanced distribution of rest periods must be observed when preparing the operational scale;

(ii) A rest period of at least 24 hours must be observed immediately after a night duty period;

(iii) For civilian ANSP, there must be considered the specific limitation law, established for civil workers in Brazil.

(b) Elaboration: The ANSP that are operationally subordinated to the Regional Organizations of DECEA must prepare their proposals for operational shifts of ATC Units under its responsibility in accordance with specific formularies contained in ICA 63-33 (DECEA, 2019) and send them monthly until the 15 th of the month prior to which it refers, to the respective DECEA regional office for verification, validation, approval, and control. Upon receiving the approved operational schedule from the regional office, the ANSP must disclose and keep the document to control and eventual inspections.

(c) Control: Changes in the operational service schedules can be made, due to service needs or particular interest, coming from a higher order or authorized by the head of ATC. The rest period must be observed, according to ICA 63-33 criteria, the maximum workload monthly, the maximum of 6 exchanges monthly, maximum of 5 consecutive days off per operator are observed. In exceptional cases, the head of ANSP may authorize that maximum limits prescribed here for each professional, be eventually exceeded. After completing the month of application of the duty roster, the ANSP must send it in digital format to DECEA Regional office by the 15 th of the following month and keep a copy for any inspection.

DECEA (2019) defines that to create and activate operational positions in ATC units, it must be taken into account that expecting in each position, the criteria must consider that one used to calculate the capacity of simultaneous control. When the number of traffic movement in more than one control sector is less than the established movements to activate that operational positions, it will be possible to accumulate in just one position.

The shift planning must be based on those necessary operational positions to face a number of hourly traffic that represents the average hourly in the operation of the ATC unit in the period of 1 year. The highest expected hourly movement in a duty period will be the reference to define the operational positions (DECEA, 2019).

DECEA (2019) also explains that TWR and TWR Assistant, APP and APP Assistant can be grouped in low movement periods. The other operational positions, like Clearance, Ground must be activated just when the hourly movement forecast reaches a minimum number as the positions Supervisor, Coordinator and Team Leader must be activated when the ATC Unit reaches a minimum number of operational positions activated.

So, that's a key point to define the number of necessary operational positions in each time on an ATC Unit.

New rules based on Amendment 50 to ANNEX 11:

As explained until this part of this document, there are international and national rules, specific to air traffic services and other general rules that must be followed for most of the workers in Brazil.

In the following paragraphs it will be explained about CIRCEA 100-89 -Prescriptive Limits to Fatigue Management on ATC, published by DECEA with prescriptions due to comply with Amendment 50 to ANNEX 11 that is available since December 01 st 2020.

DECEA (2020) defines that, for the purposes of fatigue management, operational factors -such as monthly air traffic movement, maximum monthly workload, and circumstances of reduced air traffic demand, should also be considered proportionally, given the specificity of the various ATC Units activities, in defining the fatigue limits prescriptions in the Brazilian Air Space Control System. To

Classify the ATC Units, DECEA refers to Table 6 -Classification of ATC Units by Annual Movements.

DECEA (2020) also defines that the prescriptive fatigue values must be determined by the ANSP, strictly adjusting to the limits and other fatigue control procedures established in that publication. Once determined, the prescriptive fatigue values applied in the ATC Unit must be mandatorily described in a specific document (Operational Model of ATC Unit), including specific criteria, which have been made more flexible, based on periods of reduced traffic demand or, still, resulting from certain local limitations, for which other fatigue management procedures must be established.

DECEA (2020) describes that exclusively for fatigue management effects on Air Traffic Control, it is considered that midnight duty is the period that involves all or part of the period between 1h30min and 5h29min (local time).

Then, the prescriptive limits are detailed as follows (DECEA, 2020):

1) The maximum hours of the day shift will be established according to the class of the ATC Unit, as shown below. 2) The maximum hours of the night shift will be 10 (ten) hours.

3) The maximum number of consecutive days of work is limited to 06 (six) days, in compliance with the minimum planned rest and rest for the night and day shift, respectively.

4) In the case of night shifts, those carried out in an interval of less than 72 hours will be considered consecutive, regardless of whether other non-night shifts are carried out in this period.

5) The maximum number of consecutive night duty shifts will be limited to 03 (three).

6) The maximum monthly workload is described in Table 8: The maximum continuous time in operational position is described in Table 9.

Table 9-Maximum continuous time in operational position.

ATC CLASS TWR APP ACC 1 - 2 h 2 h 2 2 h 2 h 2 h 3 3 h 3 h 3 h 4 3 h 3 h - OBS:
a) There may be a tolerance of 30 more minutes in the values mentioned above, in extraordinary cases.

b) For periods of low demand, where, statistically, the traffic demand indices remain below 50% of ATC Unit capacity, the maximum occupancy time of operational position of 3 hours for ATC Unit Classes 1 and 2 and 4 hours for ATC Classes 3 and 4, may be applied. These periods are defined by statistical average of the last 12 months. 8) After a daily shift, as rest time, it must be respected the minimum period out of service as follows:

a) ATC Unit class 1 and 2: 8 hours, and; b) ATC Unit Class 3 and 4: 6 hours.

It can be decreased if ensured a controlled nap before the duty period: a) ATC Unit Cass 1 and 2: 6 hours off and 2 hours of controlled nap, and; b) ATC Unit Class 3 and 4: 4 hours off and 1 hour of controlled nap.

Additionally, a minimum of 10 hours out of shift before a night duty must be considered, which can be decreased to 7 hours if ensured 2 hours of a controlled nap before the beginning of the night duty.

To apply the controlled nap, the ATC unit must have specific place to the ATCO sleep with thermic comfort, free of noise, and adequate illumination. 9) After a night shift, the minimum period of 30 hours out of the shift must be respected as a minimum rest time and there must be ensured that the ATCO will be out of the following twonight shifts.

10) Except in exceptional situations, ATCO should not be called for any complementary activity (meeting, courses, lectures, etc.) during the minimum rest period of 24 hours after a night shift.

11) If there is a sequence of 06 consecutive days of work, a minimum period of 60 hours off duty must be respected as a minimum time off for duties with more than 6 hours and a minimum period of 48 hours off duty must be respected for duties with 6 hours or less.

12) The days not worked in the month refer, in the period of 30 days, to the sum of 6 portions of 24 hours between the sequences of work shifts. Changes in the operational service schedule during the month must also respect this prescriptive value.

13) A minimum interval between periods of occupancy of an operational position is defined by DECEA according to the category of the ATC, for the control and assistant positions, as follows: The new mandate for each parameter will be maximum of 1 year with the possibility of new extensions, limiting to December 31 st , 2022.

From January 1 st , 2023 on, it will be possible for the ANSP to apply for a transition from the prescriptive approach to Fatigue Risk Management System (FRMS) approach. So, it will be necessary to show that the fatigue risk is being managed effectively, by SMS processes and must meet the criteria and requirements for FRMS implementation as it will be defined in DECEA's specific legislation (DECEA, 2020).

Rules Applied in General to Workers in Brazil

As exposed in Figure 6, beyond the ICAO rules and prescriptions, the INFRAERO's ANSP employees are also subjected to Brazilian labor law, which is composed of articles from the Federal Constitution, labor law consolidation, and collective labor agreement signed with the union.

Brazilian Federal Constitution (BRRAZIL, 1988), in its Art. 7 th , establishes the rights for urban and rural workers. Some of them are: In 1943, Brazil published the Decree n. 5.452, approving the Labor Law Consolidation. From there on, some changes were made, being the last modification implemented in 2020. The goal of the published document is to protect the workers' rights. Some of the prescriptions established in the labor law consolidation (Brazil, 1943) are described below:

1) The daily working hours may be increased by overtime, not exceeding two hours, by individual agreement, collective agreement, or collective labor agreement, but the maximum limit of 10 (ten)

labor hours per day can't be exceeded. Except for the provisions of this paragraph, and in specific laws, the parties are allowed, by means of a collective agreement or collective labor agreement, to establish working hours of twelve hours followed by thirty-six uninterrupted hours of rest, observed or compensated for rest breaks and food.

2) Rest Periods: a) Between 2 (two) working hours there will be a minimum period of 11 (eleven) consecutive hours for rest; b) Every employee will be guaranteed a weekly rest of 24 (twenty-four) consecutive hours, which, except for reasons of public convenience or imperative need for the service, must coincide with Sunday, in whole or in part. In services that require work on Sundays, with the exception of theatrical casts, a relay schedule will be established, organized monthly and showing the staff subject to inspection;

c) The work on Sunday, whether total or partial, will always be subject to the prior permission of the competent labor authority; d) In any continuous work, whose duration exceeds 6 (six) hours, it is mandatory to grant an interval for rest or food, which will be, at least, 1 (one) hour and, unless a written agreement or collective agreement to the contrary, may not exceed 2 (two) hours; e) Not exceeding 6 (six) hours of work, however, an interval of 15 (fifteen) minutes will be mandatory when the duration exceeds 4 (four) hours;

f) The rest intervals will not be counted in the duration of the work;

g) The hour of night labor will be counted as 52 minutes and 30 seconds; h) Performed between 10 pm on one day and 5 am on the following day is considered nightly.

3) Fatigue prevention: It will be mandatory to place seats that ensure correct posture to the worker, capable of avoiding uncomfortable or forced positions, whenever the execution of the task requires him or her to work seated. When work is to be carried out standing, employees will be provided with seats to be used during breaks that the service allows.

The collective labor agreement prevails over the law when, among others, they provide for:

1) Pact regarding working hours, subject to constitutional limits;

2) Annual hour bank; and

3) Intra-day break, respecting the minimum limit of thirty minutes for hours longer than six hours.

Collective labor agreement

INFRAERO have signed a collective labor agreement with the National Airport Workers' Union ("Sindicato Nacional dos Aeroportuários -SINA). Among many agreed clauses, some of them, related to the theme discussed here are described below [START_REF] Infraero | Collective Labor Agreement Available From[END_REF]:

1) Rest intervals for meal: Specific agreements will define the intervals in the duty period in shifts and the company will guarantee the intervals for rest or meals as follows:

a) 15 minutes for duty periods with 6 hours; b) 1 hour for duty periods with 8 hours; c) 2 hours for duty periods with more than 8 hours.

2) Holidays: The ATCO submitted to work on a duty schedule, whose day off coincides with holidays, will be entitled to one more day off, except when the holiday coincides with Sunday.

3) Service Shifts:

a) The maximum working hours of ATCO working on a duty roster will continue to be 6 hours a day and a maximum of 36 hours a week.

b) INFRAERO shall provide the Union (SINA) with a copy of all service schedules in force.

c) It will be allowed to change the shift provided for in the relay schedule, upon agreement between those involved and authorization from the head, with a minimum advance of 24 hours, with a minimum interval of 11 hours between shifts being respected. Many different rules from different authorities make a hard challenge. How to optimize staff and at the same time manage the fatigue on ATC? One of the principles that should be adopted would be always to apply the best rule for the employees, but in this case, there must be a loss of optimization. However, in most cases, that is the only way to avoid troubles with compliance.

Then, in many cases, ANSP has made labor collective agreement to establish different shifts that have to be in compliance with all the legislation in force and can proportionate the best way to the employees reconcile their professional and personal routines. These possibilities have to consider the number of operators available on ATC Unit staff and it does not depend only on the definition of minimum operational effective, but in many cases, have the luck of do not lose the extra operational staff for retirement, medical licenses, or transferences that can difficult to reach the requisites to a labor collective agreement for a different shift.

One possibility is to establish some patterns and standards of shifts, with the criteria that take into account different characteristics and the complexity of the ATC.

As a consequence of Amendment 50 to ANNEX 11, DECEA is establishing the prescriptions for fatigue management and also defining a period of 2 years for the ANSP to be adapted to FRMS on the prescriptions that they are not in compliance with. Some of the new prescriptions will cause the need to find new solutions, principally with the number of hours of resting after night period labor. Another impact expected refers to the interval time between occupations of operational positions.

ANALISIS BETWEEN SHIFTS AND FATIGUE AT INFRAERO ANSPS

The shifts with 6 hours and 8 hours make it possible to meet the prescriptive criteria. Mainly with the criterion of rest of at least 30 hours after a midnight duty period, it can become to be more difficult for the ATCO to make changes in their shifts. At the same time that the preservation of the rest time is fundamental for the operator, the lack of flexibility for service changes may result in some inconveniences in their personal lives.

There is no on-call duty at INFRAERO's ANSP and there are not enough operators to do it. If something happens and an operator is not available to work, another operator is called in his/her day off to cover the shift lack.

The regulatory framework does not establish one specific shift pattern and it is understandable because each ANSP has its own characteristics. Then, there are prescribed criteria and restrictions that must be considered.

Among the ANSP with ATC Unit operated by INFRAERO, it was found 5 different shift patterns, but there is not a criterion to define what ANSP will use one pattern of a shift in relation to the other.

The basic criteria establish 4x1 shifts with 6 hours duration each duty period. But the workers' labor collective agreement makes it possible to apply to a different pattern of shift if the number of operators available is enough to make it work with all the criteria of hours to be respected between duty periods and other prescribed criteria. Comparing to the 3x2 shift with 8 hours duration, the 4x1 shift with 6 hours duration provides fewer continuous hours in the days off.

One of the problems is that without new admissions in order to have enough operators to apply for a shift that is less subject to fatigue is each day more difficult. Then, with no criteria to establish a kind of shift according to the ANSP profile (e.g., operational time and workload) the unexplained differences between ANSP may happen and it can cause potential problems with the operators and even a subjective feeling of fatigue.

On the other hand, as a consequence of a long time without admissions of new Operators, the percentage of ATCO older than 50 reached 30 % of the total and the quantitative of operators is decreasing year by year.

As it was described in items 2.2.2.8 and 2.2.3.3, there are researches that found a high level of fatigue to ATCO that begins in the early morning duty period. In the 6 h and 8 h shift patterns, it was observed that one of the duty periods begins at 06:00 local time. This beginning time can be a contributing factor to increase fatigue levels.

2x2 shifts (two days work and two days off) with 9 hours duty periods are applied only in two ANSP that do not have operations at midnight time.

All the different patterns of shifts practiced at INFRAERO's ANSP are in compliance with the weekly limits prescriptions and they are not in discrepancy with what is practiced in other countries, as it can be seen in Table 5, where it's possible to realize that most of the ATC Units apply the 8 h duration to each duty period and the weekly total hours are in a range between 35 and 40 hours/week.

The questionnaire related to item 1.4 had few answers but confirmed the information exposed here, with just the exception of one country, that informed that the weekly limit is 44 hours, but they also related that they were preparing for establishing normative prescriptions in compliance with Amendment 50 to ANNEX 11.

Not just by ICAO and DECEA prescriptions, but even with the labor law consolidation in Brazil, the intervals in a midnight duty are longer than during the day and have to be strongly respected.

Despite having longer intervals, there is no rule establishing that the ANSP have to build a space destined to take naps. Just two of INFRAERO ANSP have accommodations, but even they are not specific for it. Items 2.2.2.7 and 2.2.3.4 bring information about napping benefits.

As addressed in item 2.2.2.8, in Brazil and at INFRAERO the profession of Air Traffic Controller has as admission requirement the high school level and, together with the salary level whose perception of many ATCO does not correspond to the level of responsibility assumed, many are submitted to double routines, initially reconciling the service scale with graduate courses and, after graduating, start to reconcile the scale with another job to maintain their livelihoods. This practice may be one of the specific characteristics that involve ATCO in Brazil that may cause strong troubles with fatigue.

PROPOSITION OF ALTERNATIVES TO OPTIMIZATION OF HUMAN RESOURCES AND BETTER LIFE'S QUALITY

As the most complex and sensible part of the air traffic control system, the human being is always in a challenge to adapt to new technologies, increasing of workload, new traffic procedures, among other situations that need focus, attention, and a great effort. Thanks to the medicine, psychology, and scientific studies that are basing better attention on the operators, it will be possible to avoid accidents and also take the best performance of the ATCO.

Regarding the law and rules that intend to protect the operators from fatigue in Brazil and at that the beginners have lower salaries than the older and experienced ATCO's, little by little there will be a financial balance. Also, the staff increase will make it possible to decrease the overtime.

Another aspect that must be taken into account is that it will be necessary for the beginners to develop the required experience before most of the older ATCO's retire. This action will help not only to cover the older positions but also to create criteria to preserve the older ATCO from fatigue, as it will be explained ahead.

The new admission process will make shift management easier, mainly in training and other situations that require calling the ATCO to work out of the operational schedule.

b) To define with the medicine area of the company a specific age with limits of participation in shifts that are potentially more tiresome, as higher workload positions, long shift length, and define some differential criteria to prevent fatigue for them: DECEA (2020) explains that on on-call aims to cover a probable unexpected situation in the operation, with the purpose of avoiding interruption or compromise in the quality of the ATC activity performed.

In some military ANSP in Brazil, there are used to the on-call. The INFRAERO ANSP are ruled by the consolidation of labor law and, in this case, there is the collective agreement with the union that defines the payment of 33% of the hourly rate, for each on-call hour. Then, it has to be considered that the on the call of duty will result in costs increase.

DECEA (2020) prescripts the limit of two on-call duties every seven days, respecting the limit of 10 hours for ATC Units class 1 and 2 and 12 hours for ATC Units class 3 and 4.

On the other hand, it has to be considered that with the prescript rules to avoid fatigue, the on-call duty can help the ANSP to avoid problems to comply principally with the number of hours off, after a midnight duty, because with the on-call it is easier to the manager to plan the schedule to call the ATCO that is more likely to take the hours off and keep in the schedule.

The most critical period to be covered by on-call is the one that covers the midnight hours.

Analyzing the costs involved and the prescript limits to on-call described here, it should be a good improvement if the on-call periods were implemented at the same time that is defined the midnight duty in each ATC Unit.

Considering this proposition, and the information of the rate cost of working hour of an ATCO, it is possible to expect an approximate cost increase with the on-call implementation as follows:

There are 19 ATC Units in H24 operation, with the following duty periods: Another important piece of information is that during the pandemic period, due to a special agreement between INFRAERO and the Union, that, among other actions, intend to protect the employees as much as possible, reducing the operational time at the airports and ANSP, it was possible to implement a temporary on-call schedule in many ATC units. This is making possible to manage the shifts in an easier way, involving ATCO on-call when necessary, without the need to make strong changes in the shifts.

d) On H24 shifts, to change the beginning time of the early morning duty period to as late as possible:

Gawron et al ( 2011) defend that sleep quality corresponds to sleep duration, with less time associated with poorer quality ratings. In this context, studies described by the authors found an average of 5.8 hours of sleep in the early morning shifts (starting before 8 a.m.).

Similar studies by NASA (2012) found an average sleeping of 5.4 hours before early morning shifts. The average wake-up time for a shift starting time between 05:30 and 08:00 was 04:20 am. Then, when it is possible to adjust the starting time of early morning shifts, it will be better if it starts from 08:00 am on.

e) To Build specific spaces with the necessary level of comfort, considering temperature, acoustic, and illumination, to make it possible for the operators to take naps in the intervals of the midnight duty period: ICAO (2020) explains that a nap during a duty period is helpful to maintain performance during extended work periods or even during duty periods at night.

The provision of protected sleep opportunities is a typical risk mitigation in situations like working in more restrictive limits than those prescribed (ICAO, 2020).

ICAO, CANSO, and IFATCA (2016) recommend the creation of a comfortable environment to take a planned nap, as dark and quiet as possible.

DECEA (2020) defines some situations in which the controlled NAP can be used as a countermeasure. Then, there is a specification that the ATC Unit must have accommodations where ATCO can sleep in thermal comfort, without noise and luminous insulation.

In this case, the highest challenge is to have enough space to build a room with a bed and acoustic isolation. Some of the ANSP already have space with accommodations to sleep, but most of them don't even have space to build it.

f) To Review the admission requirements, define the ATCO capacitation course as a college course and review the ATCO salary level to be compatible with the high level of responsibility that their profession involves. This action has as objective to avoid that they feel necessary to work in another job, reconciling with the ATC Unit shift:

In the search for parameters to compare the ATCO admission criteria and medium salary, we found the FAA (2021) that involves, among other criteria, the Bachelor's degree, or a Through predictability it is possible to allocate only the manpower necessary for the required demand, thus increasing productivity. For them, what is perceived through productivity and the correct use of human resources is that human resources are sufficient and can be managed more efficiently. The gain is not only in productivity but also in the quality of life of the air traffic controller (DECEA, 2018).

The first ATC Unit where the LTMPPS project was experienced in Brazil is ACC Curitiba. In 2019, during a convention, [START_REF] Bertolino | 7º Workshop alusivo ao dia Internacional do Controlador de Tráfego Aéreo[END_REF] presented some data about the results of the experience period, as the ATCO productivity that increased from 50% to 65%, and the average of hours worked monthly by ATCO decreased from 165 h to 130 h.

CONCLUSION

Considering all the concepts and prescriptions covered in this work, it is possible to understand that not just the technology has been improving each day, but also the scientific resources focused on the human factors, discovering the human needs and limitations, and creating specific criteria to protect the most complex and sensible part of the system: the human being, as ATCO.

DECEA had already defined rules and prescriptions in Brazil to ensure that the shifts composition preserve the ATCO from fatigue. The rules are improving, following the definitions established by ICAO in Amendment 50 of ANNEX 11.

In general, INFRAERO is in compliance with almost all the prescript limits defined in the current and upcoming rules, described in item 2.3. Some solutions are possible as the installation of places to take naps and the change of the beginning time of the duty periods on shits, but there is a great challenge involving the need to increase the number of ATCO to avoid the team aging problem, to make possible to implement the on-call duty and to have more flexibility in the shifts, even with the new prescriptions.

Special attention should be given to the specific situation that the ATCO are involved in Brazil, where the requirements for admission are not relative to a graduation course, and there are articles referencing the low salary level comparing with a high responsibility profession. According to reports in the literature, all this scenario makes many of them study at colleges and work in other jobs reconciling their schedules, as much as possible. This can be one of the potential causes of fatigue that should be solved with new requirements for admission and capacitation and a new career structure, with better salaries.

A complex but important solution that must be deeply studied is the shift management based on traffic prediction, changing the number, duration and time of beginning of the duty periods, to enhance the highest efficiency. To make it possible, it will be necessary to breaking paradigms as the change from team rostering to the individual rostering, as well as negotiations with the union to make possible more flexibility in the interval between 2 working periods criteria.

There are important new concepts that this report did not explore deeply and that will be strongly necessary from now on related to FRMS (Fatigue Risk Management System). DECEA recently published new documents to rule the implementation of FRMS in the ANSP. On-call -A defined period of time, during which an individual is required by the service provider to be available to receive an assignment for a specific duty. Synonymous with standby.

Operational time -Time/period that an ATC Unit is available.

Rapid Eye Movement -A type of sleep during which electrical activity of the brain resembles that during waking. However, from time to time the eyes move around under the closed eyelids -the 'rapid eye movements' -and this is often accompanied by muscle twitches and irregular heart rate and breathing.

Repose -Period immediately after the end of a night duty in which ATCO should not be assigned any activity, so that it recovers physically and mentally to take over the next ATC operational service

Rest -Period of removal from duties, on an operational scale, between two moments of uninterrupted occupation of the operational position and within the same duty period.

Shift Work -Any work pattern that requires an individual to be awake at a time in the circadian body clock cycle that they would normally be asleep. 

Sleep Homeostatic Process
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  is described below: Before internship beginning (Jul/2020): a) Internship datasheet filled and sent by e-mail (March) new version sent in May; b) First Draft of the Table of Contents sent in April; c) Questions sent by e-mail to some contacts abroad (1 st time: may) 1 st Month (July/2020) reschedule -Activities completed: • Table with the profile and different shifts of INFRAERO's ANSP; • Draft of the Abstract; • Research and chapter about fatigue management regulatory framework. 2 nd Month (August/2020): • Data collection about scientific and technical concepts of fatigue; • Write the chapter about fatigue; • Participation in the Fatigue Management Workshop organized by DECEA. 3 rd Month (September -October/2020): • Organize the workshop about fatigue management • Research and propose possible alternatives that result in better fatigue management at INFRAERO's ANSPs; and
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 1 Figure 1 -Total Departures and Arrivals in 2019 and 2020 -Airport "A" After getting a clearance to access the ANSP data, the following INFRAERO's database were investigated:
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 3 Figure 3 -Operational time at INFRAERO ANSPs distribution: Considering the traffic demand and the number of operational positions in each ANSP, 82% of INFRAERO's ATCO are subjected to night shifts, as shown in Figure 04.
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 4 Figure 4-Total of ATCO in daily and night shifts
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 5 Figure 5 -Different Kind of Shifts at INFRAERO's ANSP
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 6 Figure 6 -INFRAERO's ATC Class -DECEA Classification

  EYE MOVEMENT SLEEP (NON-REM SLEEP) ICAO (2020) describes Non-Rapid Eye Movement Sleep relating that during that type of sleep, brainwave activity gradually slows compared to waking brainwave activity. During this activity, the body is being restored through muscle growth and repair of tissue damage. Non-REM sleep is sometimes defined as "a quiet brain and quiet body". Across a normal night of sleep, most adults normally spend about three-quarters of their sleep time in non-REM sleep (ICAO 2020).

  ), during rapid eye movement sleep (REM sleep), brainwave activity looks similar to waking brainwave activity and also it has its name because from time to time the eyes move around under the closed eyelids. It is often accompanied by muscle twitches and irregular heart rate and breathing. Most adults normally spend about a quarter of their sleep time in REM sleep.

  /REM CYCLE ICAO (2020) also explains that across a normal night of sleep, non-REM sleep and REM sleep alternate in a cycle that lasts roughly 90 minutes (but is very variable in length, depending on a number of individual and environmental factors). Figure 08 is a diagram describing the non-REM/REM cycle across the night in a healthy young adult who goes to bed at 23:00 and awakens around 07:30. Real sleep is not as tidy as this -it includes more arousals (transitions to lighter sleep) and brief awakenings. Sleep stages are indicated on the vertical axis and time is represented across the horizontal axis.
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 8 Figure 8 -The Non-REM/REM cycle across the night for a healthy young adult Source: ICAO (2020).

  is a diagram that illustrates the body clock cycle (circadian cycle integrated with homeostatic temperature). The figure is based on data collected from 18-night cargo pilots on their days off, i.e., when they were sleeping at night. The core body temperature was monitored continuously, and they recorded their sleep and duty times in a daily diary. Their average core body temperature rhythm has been simplified (the continuous curve). The dot represents the average time of the temperature minimum, which is used as a reference point for describing the other rhythms. Although these data were collected during night cargo operations, they can be used as an illustrative example for any individual working at night (NASA, 2012).
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 9 Figure 9 -Relationship between normal sleep at night and the circadian body clock cycle Source: ICAO (2020) adapted from Gander et al (1998). ICAO (2020) elucidates that the time around the daily minimum in core body temperature is the part of the circadian body clock cycle when people generally feel most sleepy and are less able to perform mental and physical tasks. This is sometimes described as the Window of Circadian Low (WOCL).

  2. Sleepiness increases again in the early afternoon -sometimes called the afternoon nap window (around 3-5 PM for most people). Restricted or disturbed sleep at night makes it harder to stay awake during the next afternoon nap window.ICAO (2020) explains that the precise timing of the two peaks in sleepiness is different in people who are morning types (whose circadian rhythms and preferred sleep times are earlier than average) and evening types (whose circadian rhythms and preferred sleep times are later than average). Across the teenage years, most people become more evening-type. Across adulthood, most people become more morning-type. This progressive change towards becoming more morning-type has been documented by flight crew members across the age range of 20-60 years.
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 10 Figure 10 -Mean risk of work accidents /workload Source: Folkard; Tucker (2003), cited in Pellegrinelli et al (2015)[START_REF] Pellegrinelli | Análise da Fadiga no Tripulante da Aviação Executiva -Available from[END_REF], describing prolonged wakefulness in comparison with blood alcohol consumption, as shown in figure11, showed that an individual awake 24 hours ago has his average relative performance level similar to that of a person with 0.1% alcohol concentration in blood.
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 11 Figure 11 -Comparison between the effects of alcohol and those of wakefulness on human performance Source: Pellegrinelli et al (2015) adapted from Dawson and Reid (1997) .
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 12 Figure 12 -Impact of different nightly times in bed (TIB) on daytime performance.Source: ICAO 2020, adapted from USDOT-MC-00-133 (2000) 

  are 4 different kinds of schedules practiced in ATC: fix or permanent schedule, slow rotation schedule, rapid rotation schedule clockwise rotation (forward rotation), and rapid rotation schedule counterclockwise rotation (backward rotation). EUROCONTROL (2018) explains that having a permanent schedule involves always working the same shift. The slow rotation schedule, a variation of the permanent schedule, involves working five straight days on a specific shift, then rotating to another shift in the following week. Other schedules imply rapid rotation of shifts during the week. Although the exact configuration may vary, two main kinds of rapid rotation schedules exist: clockwise and counterclockwise.
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 13 Figure 13 -Regulatory Framework -Fatigue Management at INFRAERO's ANSP

  States in accordance with 2.28.3 c) and d) to allow variations from 1 a) and b) above shall include the provision of: a) the reason for the need to deviate; b) the extent of the deviation; c) the date and time of enactment of the deviation; and d) a safety case, outlining mitigations, to support the deviation. b) According to ICAO (2018), if the State authorizes the ANSP to use Fatigue Risk Management System (FRMS) to the situations where the air traffic services providers are not fully in compliance with the scheduling limits prescribed by the State, the State must establish regulations in accordance with Appendix 6 (Fatigue Risk Management System -FRMS -Requirements). That Appendix defines that States shall require that an FRMS contain a minimum of four main parts, with a structure similar to that defined on ANNEX 19 for SMS: 1) FRMS policy and documentation; 2) fatigue risk management processes (Identification of fatigue-related hazards, fatigue-related risk assessment, and risk mitigation); 3) FRMS safety assurance processes and; 4) FRMS promotion processes, as transcribed below from ICAO (2018), p. 107, with detailed information of what states shall require that an FRMS contain at least: air traffic services provider shall define its FRMS policy, with all elements of the FRMS clearly identified. 1.1.2 The policy shall: a) define the scope of FRMS operations; b) reflect the shared responsibility of management, air traffic controllers, and other involved personnel; c) clearly state the safety objectives of the FRMS; d) be signed by the accountable executive of the organization;

  2.1.1 Predictive. The predictive process shall identify fatigue hazards by examining air traffic controller scheduling and taking into account factors known to affect sleep and fatigue and their effects on performance. Methods of examination may include, but are not limited to: a) air traffic services or industry operational experience and data collected on similar types of operations or from other industries with shift work or 24-hour operations; b) evidence-based scheduling practices; and c) bio-mathematical models. 2.1.2 Proactive. The proactive process shall identify fatigue hazards within current air traffic services operations. Methods of examination may include, but are not limited to: a) self-reporting of fatigue risks; b) fatigue surveys; c) relevant air traffic controller performance data; d) available safety databases and scientific studies;e) tracking and analysis of differences in planned and actual worked times; and f) observations during normal operations or special evaluations.2.1.3 Reactive. The reactive process shall identify the contribution of fatigue hazards to reports and events associated with potential negative safety consequences in order to determine how the impact of fatigue could have been minimized. At a minimum, the process may be triggered by any of the following:

  night duty shall be defined as starting at (*) [0130 local] and ending at (*) [0529 local] • A duty which covers all or part of the period of night duty shall not exceed (*) [10] hours • No more than (*) [3] consecutive duties shall be worked which cover all or part of the period of night duty. • A minimum period of (*) [54] hours shall occur between the end of duties which cover all or part of the period of night duty and the commencement of the next period of duty Scientific and operational factors for consideration: A night duty shall be wholly or partly between the window of circadian low. Consideration should be given to the research with regard to shift length and night work. Recovery time from night duties should allow recovery from any sleep debt accumulated and reversion to normal sleep cycle rhythms. 2.3.2. National Rules to Fatigue Management 2.3.2.1. Rules Applied to ANSP At the national level, the State, represented by DECEA, a military body belonging to the Air Force Command, responsible for regulating the Brazilian airspace control, defined prescriptive criteria in relation to workload limits and established parameters for the composition teams and duty rosters. As previously discussed, these instructions are contained in the specific and public document ICA 63-33 -PERSONNEL WORKING HOURS ATC, COM, MET, AIS, SAR AND OPM (DECEA, 2019), which defines some concepts that are important to understand the prescriptive propositions: a) REST: Period of removal from duties, on an operational scale, between two moments of uninterrupted occupation of the operational position and within the same duty period; b) DAY OFF: Period between the end of one duty period and the beginning of the next; c) NIGHT DUTIES: Work period of at least four hours, carried out between 10 pm on one day and 5 am on the following day, and; d) REPOSE: Period immediately after the end of a night shift in which the ATCO should not be assigned any activity, so that the ATCO recovers physically and mentally to take over the next ATC operational service. e) OPERATIONAL SERVICE SCALE: Document issued periodically that establishes the days and hours of monthly work to be performed by the operational staff in the operational agencies.

  a) TWR: Classes 2 and 3 -30 minutes and Class 4 -15 minutes; b) APP: Classes 1, 2 and 3 -30 minutes and Class 4 -15 minutes; and c) ACC: Classes 1 and 2 -30 minutes and Class 3 -15 minutes. i) For the Assistant position, the minimum interval of 30 minutes may be reduced to 15 minutes in the situations provided for in the ATC Unit specific document, which must take into account, among other things, the traffic demand and the workload, related to the technological resources available in the ATC position. ii) For periods of low demand, where, statistically, the traffic demand indices remain below 50% of the ATC capacity, the minimum 30 minutes interval of the control positions may be reduced to 15 minutes. DECEA (2020) defines that States must start to implement fatigue management in ATC, through the application of prescriptive values until March 1 st , 2021. If the ANSP consider that until the referred date it's not possible to be in full compliance with the prescriptive limits, it will be necessary: a) To send a formal document to DECEA declaring the limits that the ANSP can not comply with; b) To justify why it is not possible; c) To report the values that the ANSP intend to practice; d) To ask for a new mandate to adequate to prescriptions and make a specific evaluation of safety; e) To develop an operational safety plan.

  (a) Duration of normal work not exceeding eight hours per day and forty-four per week, provided that hours can be compensated or reduced, by collective labor agreement or convention. (b) Six-hour day for work carried out in uninterrupted shifts, unless a different regulation is established by a collective agreement; (c) Paid weekly rest, preferably on Sundays.

  INFRAERO ANSPs, considering the concepts and data addressed in this study, it is possible to propose some actions that intend to optimize human resources and consequently improve the ATCOs quality of life: a) To plan for as soon as possible a new admission process to increase the number of ATCO: There are almost 10 years without any ATCO admission process at INFRAERO. The last one occurred in 2011, with admissions until 2016. As described before, there are almost 30% of the ATCO staff that are more than 51 years old. It is necessary to increase the number of available staff and prepare them to fill the positions of those ones that are expected to retire soon. The number of almost 200 ATCO, which correspond to 30% of the staff, should be reset in five years, considering the possibility of training 40 ATCO by year. At this time is expected that part of the older ATCO, that have the highest salaries retire. Considering

  on-call/day: 6x12+8x6+9 = 129 hours Total hours in on-call/month: 129 x 30 = 3870 hours Estimated increment cost of the on-call implement: 3870 x 33% = 1277,1 x rate of ATCO working hour: 1277,1 x R$ 43,4 = R$55.426,14 = U$ 10.264,1/ month.

GLOSSARY

  -A neural pacemaker in the brain that monitors the day/night cycle (via a special light input pathway from the eyes) and determines our preference for sleeping at night. Duty period -A period which starts when air traffic controllers are required by an Air Traffic Service provider to report for or to commence a duty and ends when that person is free from all duties.Fatigue -A physiological state of reduced mental or physical performance capability resulting from sleep loss, extended wakefulness, circadian phase, and/or workload that can impair a person's alertness and ability to perform safety related operational duties.NightDuty -period of work between 01:30 am and 05:29 am at local time; Non-Rapid Eye Movement -Regular alternation of non-REM sleep and REM sleep across a sleep period, in a cycle lasting approximately 90 minutes.

-

  The body's need for slow-wave sleep (non-REM stages 3 and 4), that builds up across waking and discharges exponentially across sleep.Sleep inertia -Transient disorientation, grogginess and performance impairment that can occur after wakening. The length and intensity of sleep inertia is greatest when the individual has not had enough sleep, is woken from slow wave sleep (non-REM stages 3 and 4) or woken during the WOCL.Workload -Mental and/or physical activity.ANNEX -SHIFTS AND OPERATIONAL TIME IN INFRAERO ANSP

  Different types of shifts practiced to ATCO at INFRAERO INFRAERO operates many airports and air navigation services in Brazil. As a public company, and even in a continental sized country, its services cover all the regions of the country with different realities. There are ANSP operated by INFRAERO in 47 airports, with different services, that considers the local profile and the traffic demand. From that, 26 airports have air traffic control services. The others have just Aerodrome Flight Information Service -AFIS. Such ANSP are not operated by ATCO.

	PRESENTATION OF TECHNICAL SOLUTION
	2. FATIGUE MANAGEMENT
	2.1.

To make the visualization of the ANSP data (operational time, shift model, number of operational positions, number of ATCO and ATC Unit class), the Annex of this Final Report brings a table, named "Shifts and operational time in INFRAERO ANSP". From that table, it's possible to

Table 2

 2 

	-Range of ATCO's Ages

there is a long time that the government does not allow new admissions in the company. The last admission happened in 2016. From that time on, the number of operators only decreased, and the group became older.

267; 40% 197; 30% 177; 27% 22; 3% ATCO AGES

  

	AGE	NUMBER OF ATCO	PERCENTAGE
	LESS THAN 40 YEARS	267	40
	41 TO 50 YEARS	197	30
	51 TO 60 YEARS	177	27
	MORE THAN 61 YEARS	22	3
	TOTAL	663	100
		LESS THAN 40 YEARS	
		41 TO 50 YEARS	
		51 TO 60 YEARS	
		MORE THAN 61 YEARS	

Table 3 -

 3 Mental and Visual Fatigue -Symptoms 

	MENTAL FATIGUE	VISUAL FATIGUE
	Subjective feelings of weariness,	Heavy eyelids
	sleepiness	
	Reduced ability to concentrate and	Pain/irritation/burning
	pick out important information	sensations in one or both
		eyes
	Poorer judgments/increased	Watering eyes
	carelessness	
	Slower decision making/ reaction	Difficulty in focusing/ double
	times	vision
	Less likely to detect errors -both	Reddening of the eyes
	your own and from other people	
	Irritability /moodiness	Hadaches
	Source: SKYBRARY (2020)

Table 4 -

 4 Non-Work and Work Related Factors that Influence Fatigue 

	Work-Related Factors	Non-Work-Related Factors
	Shiftwork	Sleep disorders
	Shift length (time on task)	Family responsibilities
	Type of work being performed	Social and leisure engagements
	Workload	Emotional stress
	Work environment (heat, noise, light and	Individual factors (personality
	humidity levels)	Characteristics, health, diet)
	Break frequency and length	Age
	Night shifts	Circadian rhythms

  [START_REF] Van Dongen | Sleep, circadian rhythms and psychomotor vigilance[END_REF], cited in NASA(2012) describe that this inertia gradually dissipates, but may last from 30 minutes to two hours. Sleep inertia is more severe under conditions of sleep deprivation and during the circadian trough at night. This master clock, also known as the circadian body clock, receives information about light intensity through a direct connection to special cells in the retina of the eye (this special light input pathway is not involved in vision). This light sensitivity enables the circadian body clock to stay in syncronismith the day/night cycle. It creates problems for individuals who have to sleep out of phase with the day/night cycle (for example any operations that occur during the biological night), or who have to travel across time zones and experience sudden shifts in the day/night cycle (ICAO 2020).

	2.2.2.5.	CIRCADIAN CICLE
	ICAO (2020) states that sleeping at night is programmed by the circadian clock -an ancient
	adaptation to life on our almost 24-hour rotating planet. 2.2.2.6. HOMEOSTATIC PRESSURE

ICAO (2020) 

explains that this can be summarized as: your brain's need for sleep builds up while you are awake and the only way to discharge this pressure is to sleep. The homeostatic process can be tracked by the amount of slow-wave sleep. Across the time an individual is awake, the pressure for slow-wave sleep builds up. The longer you are awake, the more slow-wave sleep you will have in the first few non-REM/REM cycles in your next sleep. Across the sleep, the amount of slow-wave decreases in each subsequent non-REM/REM cycle. In other words, the pressure for slow-wave sleep is discharged across the sleep period.

Discharging the homeostatic pressure for sleep seems to take priority -slow-wave sleep is always greatest in the first non-REM/REM cycles, regardless of when that sleep occurs in the circadian body clock cycle (ICAO 2020). NASA (2012) mentions that studies of the effects of sleep restriction show that neurocognitive performance on tests of alertness, such as the Psychomotor Vigilance Task (PVT), begins to show decrements after 15.84 hours awake (VAN DONGEN, MAISLIN, MULINGTON AND DINGES, 2003) cited in NASA (2012). Continued lack of sleep results in acute fatigue arising from homeostatic pressure.

  Sleep disorders: In some cases, even when the ATCO spend enough time in bed trying to sleep, they don't obtain restorative sleep. It can be caused by sleep disorders. In situations like that, it's very important to investigate with the objective to find the right treatment, with the goal of making possible to reach the necessary restorative sleep.

	•
	heat through the extremities), so it is easier if the room is cooler rather than hotter. For most
	people (18-20 °C/ 64-68 °F) is an ideal room temperature for sleep. A comfortable sleep surface
	is also important. Individuals sleeping in a supine position is more restorative than sleeping in
	an inclined position (NASA 2016).

It can be dangerous in excessive consumption or if used at the wrong time because it can lead to difficulties to sleep. The way each person responds to caffeine is variable. In some cases, a little dosage of caffeine many hours before the time to sleep can cause problems in falling asleep. Nicotine: According to EUROCONTROL (2018) it's a stimulant. Research suggests that nicotine is linked to difficulty falling asleep and problems waking up. They may also experience more nightmares. Alcohol: The consumption of alcohol can increase wakefulness during the second half of sleep. Alcohol has a negative impact on REM sleep. This sleep disruption may lead to daytime fatigue and sleepiness. • Environmental factors: NASA (2016) defines that environmental factors can also disturb sleep.

Bright light increases alertness (and can be a short-term countermeasure to temporarily relieve fatigue in the work environment). It is much easier to sleep in a dark room and heavy curtains or a mask can be used to block out light. Sudden sounds also disturb sleep. Masking them using white noise can help, for example tuning a bedside radio between stations or turning on a fan. Falling asleep requires being able to lower core body temperature (by losing

Table 5 -

 5 Shifts around the world Regulatory Framework to Fatigue ManagementINFRAERO is a public company of the Brazilian Federal Government, which manages airports and ANSP. As a public company, the hiring of its employees occurs through public selection contest and the rules that define the labor regimes are established in the Federal Constitution and mainly in the Consolidation of the Labor Laws, which is a set of compiled laws that define the labor relations,

			Shift	
	Country	Work Hours	Length	Shift Cycles
	USA	40h/wk; 5x8h days	≤ 10h	≤ 6 consecutive shifts w/ ≥1day off
	Canada	36h/wk over 12 months	6-11h	3 consecutive days off between cycles
	UK	40h/wk; 5x8 days	≤8h	Variable; usually 6 on, 4 off
			6-12h; 14h	
	Spain	40h/wk; 120 h/month;	at	Usually 3 on, 3 off or 4 on, 4 off
			small	
			facilities	
		max of 1200h/yr		
	Germany	38.5 h/wk; 5x7.7h days	≤10h	4 on, 2 off, or 5 on, 3 off
		including breaks		
				5 on, 2 off; max 9 on, 2 off in the
	Netherlands 38h/wk	7-8h	38h/wk
				Usually 4 on, 2 off; 114-117 rest
	Switzerland 35h/wk; 7x5h days; max	7-9h; 10h in	days/yr; 20 must be
				on the weekend; min of 8 days
		220 days/yr	towers	off/month
		Source: Gawron et al (2011)

Table 6 -

 6 Classification of ATC Unit by annual movements

	CLASS	ANNUAL MOVEMENTS MEDIA (LAST 3 YEARS)
		TWR	APP	ACC
	1	-	M > 400.000	M > 400.000
	2	M > 200.000	400.000 ≥ M > 200.000	400.000 ≥ M > 200.000
	3	200.000 ≥ M>90.000	200.000 ≥ M > 90.000	M≤ 200.000
	4	M≤ 90.000	M≤ 90.000	-
	OPERATIONAL STAFF: DECEA (		

Table 7 -

 7 Number of shifts and teams necessary by ATC Unit operation period.

	OPERATION			SHIFTS		NUMBER
	PERIOD					OF
						TEAMS
	H24	3 shifts lasting between 6 and 12 hours each one	5
			4 x 6 (4 shifts of 6 hours)		6
	H18	3x6	2x9	2x7 and 1x4	1x8 and 1x10	4
	H17	2x6 and 1x5	1x8 and 1x9	1 x 10 and 1x7		4
	H16	2x8	1x9 and 1x7			4
	H15	1x8 and 1x7				4
	H14	2x7	1x6 and 1x7			4
	H13	1x5 and 1 x8	1x6 and 1x7			4
	H12	2x6	1x12			3
	H11	1x6 and 1x5	1x11			3
	H10	2x5	1x10			3
	H9	1x5 and 1x4	1x9			3
	H8	2x4	1x8			3
	H7	1x4 and 1x3	1 x 7			3
	H6	1x3 and 1x3	1x6			3
	H5 or less	1 duty period				2
	DECEA (					

Table 8 -

 8 Maximum monthly workload by ATC class.

	ATC CLASS	MAXIMUM MONTHLY WORKLOAD
	1	150 h
	2	160 h
	3	170 h
	4	180 h
	7)	

  Among 37 ATC Units operated by INFRAERO in 26 different ANSP, there are many different characteristics that go from the period of operation until workload. Most of them are classified as class 4 in the parameters of Table1. Only 1 TWR is classified as class 2 and the other 2 TWR are classified as class 3. Just 18 PSNA have night duty period on H24 operations. These differences result in different criteria of fatigue management prescription.

	d) INFRAERO will grant a double monthly break to ATCO that works four-day consecutive work
	shifts followed by a time off. This criterion applies to ATCs that operate H18 or more hours
	daily.
	2.3.3. Considerations on the topic:

  combination of post-secondary education and work experience. In Brazil, the study level criterium is only secondary education. FAA (2021) published that in 2016 the average annual wage for ATCO was U$ 127.805, which is equivalent to U$ 10.650,41 monthly.

	EUROCONTROL (2006), in a study about shift efficiency, defended that managing
	shiftwork practices tailored to accommodate predictable traffic demand benefits
	European ATM cost-effectiveness.
	EUROCONTROL (2006) also highlighted the need to understand the interaction between
	shiftwork practices, health, and safety implications, ATM productivity, and safe ATM
	operations, relating the belief that improving awareness of shiftwork practices can
	enhance productivity in Europe as well as health and safety aspect related to human
	performances (EUROCONTROL, 2006). The ANSP involved in the related study were:
	Austrocontrol (Austria), AENA (Spain), ANS Czech Republic, Avinor (Norway), DGAC
	(France), DFS (Germany), Lfv (Sweden), Maastricht (EUROCONTROL), NATS (UK), Skyguide
	(Switzerland).
	In terms of efficiency, the referenced research indicates that there is a growing trend
	towards individual rostering in staff planning and allocation (EUROCONTROL, 2006).
	Among the areas considered as necessary for improvement, it is important to highlight
	the need to move from a team and stable roster to the individual and change shift lengths
	(EUROCONTROL, 2006).
	DECEA (2018) reported that in 2015 signed a technical cooperation program with
	Interviewing managers from Chile, they described that the requirement for admission in EUROCONTROL that included many agreements, as Rostering, Philosophies, and Tools
	their ATCO course is secondary education, but when they graduate, they reach the Agreement (LTMPPS-Long Term Manpower Planning System) and Mutual Cooperation in
	bachelor's degree. The initial salary of an ATCO in Chile is U$ 2.000 (2,5x the salary at the field of Air Navigation that intends to bring more precision on the operational staff
	INFRAERO). planning to bring a productivity increase in all the Air Traffic Management system in Brazil.
	g) Implement studies of traffic demand to define new duty periods to optimize the use of the
	operational staff, activating and grouping operational positions. This type of study may be a
	great challenge because, in this case, the culture of working always with the same teams
	should change and the labor law consolidation establishes a minimum interval of 11 h between
	two duty periods:
	DECEA (2019) defines the possibility and the criteria to activate and group operational
	positions, considering the expectative of traffic demand, based on statistics.

The initial salary of an ATCO at INFRAERO is R$ 4.285,17 monthly. Considering the conversion tax of U$ 1 = R$ 5,4, INFRAERO's ATCO initial salary is equivalent to U$ 793,55 monthly. Then, it is possible to affirm that the initial salary of an ATCO at INFRAERO is 7,5% of the salary that an ATCO earns at FAA. The average monthly salary of an ATCO at INFRAERO is R$ 6249,12, which is the same as U$ 1157,25 (10,86% of an ATCO in the USA).

e) To facilitate inspections of compliance with prescriptive limits, the ANSP have to keep for (*) months records of documents that can evidence the duties performed and non-duty periods.

Also, responsibilities defined to ATCO in the fatigue management process are described, such as do not perform any safety relevant tasks when ATCO knows to be fatigued or feels unfit to the extent that safety may be adversely affected and make best use of facilities and opportunities provided to rest and for meal consumption. It is a matter of discipline and one of the most important parts of the process, because even if the ANSP give all the resources for rest and meal consumption, it is not possible to guarantee that the ATCO will make the best use of these facilities. It will be necessary to develop an ever-closer relationship with the medical and psychological fields, to make it possible to implement tools that help to measure and monitor the fatigue level of the ATCO.

Beyond ICAO, the State, and ANSP, the Operators will have a strongly important participation in the fatigue management process. It will be necessary to apply training, implement a culture of voluntary reporting, self-discipline with the use of the time necessary to sleep, have healthy eating, and practice exercises regularly.

The success of this process will depend on the integrated efforts of all the players mentioned here. Something that should never be forgotten refers to the main motivation for the existence of this theme: Safety.