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OBJETIVO

Demonstrar os desafios e a metodologia utilizada na elaboracao da
Base de Requisitas Minima de Avaliacao de Conformidade (BRAC-

M) para as Estacoes Meteoroldgicas de Superficie (EMS) no ambito

do SISCEAB.




ROTEIRO

» METROLOGIA NA METEOROLOGIA (Ensaios em Laboratdrio)
> BASE NORMATIVA DE REFERENCIA (BNR)
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METROLOGIA NA METEOROLOGIA

Metrologia

“METROLOGIA é o estudo das
medicoes e suas aplicacoes
Engloba todos os aspectos teoricos
e praticos da medicdo, qualquer
que seja a incerteza de medigéo e
o campo de aplicagcéo ”




METROLOGIA NA METEOROLOGIA

E praticamente impossivel efetuar uma
medicao que seja totalmente isenta de erros, por isso torna-se

necessario pesquisar, conhecer, avaliar e evidenciar a qualidade dos
dados

“Good data are
not necessarily excellent,
but it is essential
that their quality
is know and demonstrable ”

WMO




METROLOGIA NA METEOROLOGIA
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METROLOGIA NA METEOROLOGIA

RECOMENDACOES, REGULAMENTACOES E NORMAS TECNICAS

A selecdo
da(s)
norma(s)
depende
da

aplicacdao

PROF MARCIO SANTANA




METROLOGIA NA METEOROLOGIA

Modelos e Processos: Deterministico X Probabilistico

Modelo deterministico:
E baseado em regras precisas e previsiveis;
Supoe que todos os dados sao conhecidos com certeza;
Nao leva em consideracdo a incerteza ou a aleatoriedade;
E adequado para situacdes em que os resultados sdo previsiveis e n3o ha incerteza.
Exemplo: - a temperatura no auditorio € 23,1°C. =+

i

Modelo probabilistico:
E baseado em probabilidades e incertezas:
Supoe que nem todos os dados sao conhecidos com certeza;
Leva em consideracao a incerteza e a aleatoriedade;
E adequado para situacdes em que os resultados s3o incertos e hd risco envolvido.
Exemplo: - o resultado da calibracGo para o ponto nominal de 20 °C=20,21 °C; correcdo de 0,01 °C;
U=0,06 °C (probabilidade de abrangéncia de aproximadamente 95,45 %, fato de
abrangéncia k=2,00 para uma distribuicGo normal).




https://zenodo.org/record/4021356#.X2t06mhKjlV

METROLOGIA NA METEOROLOGIA

ESTATISTICA “CLASSICA”

1) Considera apenas a variabilidade da
amostra

2) Nivel de confianga
(E: confidence level | P:nivel de
confianga)
3) Quantil (t)
4) Intervalo de confianga (A,)
(confidence interval)
5) Graus de liberdade:
GL=n-1
6) FDP ~ Normal, A, para média :
Ag: X —tsg < X< X+tsg

S
S¢ = \/_ﬁ
7) Erro padrao (standard error - es):
ep = Si

“ESTATISTICA APLICADA” NA METROLOGIA
1) Considera a variabilidade da amostra e do sistema de

medicao
2) Probabilidade de abrangéncia (VIM, 2.37)
(E: level of confidence | P: nivel da confiang¢a)
3) Fator de abrangéncia (k) (VIM, 2.38)

4) Intervalo de abrangéncia (4,,,) (VIM, 2.36)
(coverage interval)

5) Graus de liberdade: GL, =n—1
GL = f(GLy,GLp)

6) FDP ~ Normal, A,,, para média:
Ap: X—ku,. <x<x+ku,
7) Incerteza padrao combinada: u,
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METROLOGIA NA METEOROLOGIA

Rastreabilidade Metrologica (metrological traceability ) [vim
2 41):

- € a propriedade de um resultado de medicao pela qual tal
resultado pode ser relacionado a uma referéncia através de
uma cadeia ininterrupta e documentada de calibracoes ou
ensaios cada uma contribuindo para a incerteza de
medicao.




METROLOGIA NA METEOROLOGIA
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Fonte: Albertazzi, A; Souza, A. Fundamentos da Metrologia Cientifica e Industrial

v FORCA AEREA BRASILEIRA

Aur gus prevegem o Mas



METROLOGIA NA METEOROLOGIA

Sensores e instrumentos

meteorologicos de

o [N = IS0 [0] [0 FE TS Anemometro de copo e uitrassonico 100 kHz
produzem resultados
distintos e possuem

caracteristicas distintas?

Pluvibmetro de bascula e radar 24 GHz Doppler

S8 Departamento ‘L’ FORCA AEREA BRASILEIRA
< de Controle do Espago Adreo T furm gz preveger o Has
Oy o Ay Cowrs



METROLOGIA NA METEOROLOGIA

Institucional Servigos Produtos Noticias Contato

L

PRODUTOS
] Barémetro FRT AP3
T i
< Jamirs ® Item Descricdo
FRT AP3 i -
g“ Faixa de pressdo Modelo digital: 10 a 1100 hPa
l Modelo analégico: 600 a 1100

Tolerancia maxima +/- 0,5 hPa
Resolucdo 0,1 hPa
Interface RS232 / RS485
Comandos para leitura Protocolo ASCII
Faixa de tensdo de operacdo Saida digital: 5a 30V

Saida analégica: 12 a 30V
Corrente de operacao Saida digital: 5 mA

Saida analé6gica: 20 mA

v FORCA AEREA BRASILEIRA
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METROLOGIA NA METEOROLOGIA

& Seguro | https://www.made-in-china.com/products-search/hot-china-products/Altimeter.htm|

Altimeter

Display Methods: Digital Waterproof: Waterproof
Quakeproof: Quakeproof Noctilucence: Back Light
res
Sunroad Technology Limited
Guangdong, China | IS0 9001
tures ‘www.sunroadtech.com

D4 Contact Now ¥ Inquiry Basket () Leave a message.

Press Sensor/Barometric/Altimeter (FRT AP3)

Min. Order: 1 Piece

QOrigin: China

Fronttech (Beijing) Limited
Beijing, China | 1S0 9001

P4 Contact Now ¥ Inquiry Basket Q) Leave a message.
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METROLOGIA NA METEOROLOGIA

TORRE!

E SEGURO VOAR
ENTRE AQUELAS
NUVENS?"




METROLOGIA NA METEOROLOGIA

ICA 800-9

GARANTIA DA QUALIDADE E DA SEGURANCA
DE SISTEMAS E PRODUTOS NO AMBITO DO
SISCEAB

2022
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METROLOGIA NA METEOROLOGIA

ICA 800-9

GARANTIA DA QUALIDADE E DA SEGURANCA
DE SISTEMAS E PRODUTOS NO AMBITO DO
SISCEAB

2022

1.4.1 AVALIACAO DA CONFORMIDADE (AC)

Procedimento que objetiva demonstrar que os requisitos especificados relativos a um produto,
a um servico, a um processo, a um sistema, a uma pessoa ou a um organismo, sao atendidos.
No contexto desta edicdo desta Instrucdo, a expressdo Avaliacao da Conformidade restringe-
se a um termo geral que designa os possiveis Processos de Avaliagao de um PCEA.
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METROLOGIA NA METEOROLOGIA

ICA 800-9

GARANTIA DA QUALIDADE E DA SEGURANCA
DE SISTEMAS E PRODUTOS NO AMBITO DO
SISCEAB

2022

1.4.1 AVALIACAO DA CONFORMIDADE (AC)

Procedimento que objetiva demonstrar que os requisitos especificados relativos a um produto,
a um servico, a um processo, a um sistema, a uma pessoa ou a um organismo, sao atendidos.
No contexto desta edicdo desta Instrucdo, a expressdo Avaliacao da Conformidade restringe-
se a um termo geral que designa os possiveis Processos de Avaliagao de um PCEA.

1.4.7 BASE DE REQUISITOS DE AC MINIMA (BRAC-M)

Conjunto de requisitos definidos pelo DECEA que definem guais caracteristicas minimas o
PCEA deve possuir, de modo a garantir o cumprimento de sua fung¢do, tendo como base
padrdes nacionais ¢ internacionais técnicos ¢ operacionais.
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METROLOGIA NA METEOROLOGIA

Ensaio [NBR ABNT
ISO/IEC 17000:2021]:

- Determinacao de uma ou
mais caracteristicas de um
objeto de avaliacao de
conformidade, de acordo com
um procedimento.

NOTA: O termo “ensaio” se
aplica tipicamente a
materiais, produtos ou
processos.
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BASE NORMATIVA DE REFERENCIA

MCA 800-17

PROCEDIMENTOS PARA CATALOGACAO E
ATUALIZACAO DA BASE DE REQUISITOS DE
AVALIACAO DA CONFORMIDADE MINIMOS

2023
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BASE NORMATIVA DE REFERENCIA

MCA 800-17

PROCEDIMENTOS PARA CATALOGACAO E
ATUALIZACAO DA BASE DE REQUISITOS DE
AVALIACAO DA CONFORMIDADE MINIMOS

2023

1.4.1 BASE NORMATIVA DE REFERENCIA (BNR)

Conjunto de publicacoes aceitas pelo SDTE como fonte para a definicao dos Requisitos de
Avaliacdao da Conformidade.
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BASE NORMATIVA DE REFERENCIA

MCA 800-17

PROCEDIMENTOS PARA CATALOGACAO E
ATUALIZACAO DA BASE DE REQUISITOS DE
AVALIACAO DA CONFORMIDADE MIiNIMOS

2023

1.4.1 BASE NORMATIVA DE REFERENCIA (BNR)

Conjunto_de publicacoes aceitas pelo SDTE como fonte para a definicao dos Requisitos de
Avaliacao da Conformidade.

1.4.5 GE-ATURE

Grupo de Estudos para Catalogacdo e Atualizacdo dos Requisitos de Avaliagao da
Conformidade composto por profissionais indicados pelo PAME-RJ. com CHT e/ou
experiéncia técnica sobre determinados tipos de Produtos de Controle do Espaco Aéreo
(PCEA). E composto pelo Presidente, pelo Coordenador, pelos Catalogadores e pelos
Revisores.

v FORCA AEREA BRASILEIRA
™ Que

furm Qu prevegur 0 Haa




BASE NORMATIVA DE REFERENCIA

Guide to Meteorological Instruments
and Methods of Observation

Manual on Automatic
Meteorological
Observing Systems
at Aerodromes

International Civil Aviation Organization

Weather ¢ Climate « Water
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BASE NORMATIVA DE REFERENCIA

MINISTERIO DA DEFESA
COMANDO DA AERONAUTICA

Manual of

Runway Visual Range
Observing and
Reporting Practices

TELECOMUNICACOES

MOA 102.7

MANUAL DO SERVICO DE TELECOMUNICACOES
DO COMANDO DA AERONAUTICA

pLOX]

Approved by the Secretary Ganeral
and published undar his authority

Third Editicn — 2005

International Civil Aviation Organization
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BASE NORMATIVA DE REFERENCIA

Q Advisory
Circular

U.S. Department
of Transportation

Federal Aviation
Administration

Subject: AUTOMATED WEATHER  Date: 03/10/2017 AC No: 150/5220-16E
OBSERVING SYSTEMS (AWOS) FOR Initiated by: AJW-144 Change:
NON-FEDERAL APPLICATIONS

1. PURPOSE. This advisory circular (AC) contains the Federal Aviation Administration’s
(FAA) standard for the non-Federal AWOS. This AC applies to anyone proposing to design,
manufacture, procure, install, activate or maintain an AWOS for aviation purposes.

This advisory circular also contains site location and implementation criteria that must be met
before the installed system can be commissioned and become an approved source of aviation
weather information. It also contains maintenance and annual inspection criteria that must be met
throughout the system’s life cycle in order for the system to continue to be an approved source of
aviation weather information.

2. CANCELLATION. AC 150/5220-16D, Automated Weather Observing Systems (AWOS)
for Non-Federal Applications, dated 04/28/2011, is canceled.

3. DEFINITION. An AWOS is defined to be an “air navigation facility” distributing weather
information, in Title 49 USC Section 40102, and consists of 2 computerized system that
automatically measures one or more weather parameters, analyzes the data, prepares a weather
observation that consists of the parameter(s) measured, provides dissemination of the
observations and broadcasts the observation to the pilot in the vicinity of the AWOS, typically
using an integral very high frequency (VHF) radio or an existing navigational aid (NAVAID), or
Automatic Terminal Information Service (ATIS). Observations may also be available by
telephone dial-up service. In addition, the Non-Federal AWOS is a Non-Federal facility as
defined in Appendix 1 of the latest edition of FAA Order 6700.20.

4. APPLICATION. The provisions of this AC are effective immediately for all systems, or
portions thereof. that are submitted for type certification or for previously type-certified systems
that are submitted for modification of their type certification certificate.

to
de Controle do Espago Adreo
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Quality Assurance Handbook for Air

Pollution Measurement Systems

Volume IV: Meteorological Measurements

Version 2.0 (Final)
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BASE NORMATIVA DE REFERENCIA

WMO N2 08:2021

! 2 3 ) 5 6 7 8 9
Variable Range Reported Mode of Required Sensor Output Achievable Remarks
resolution ~ measurement/ measurement time- averaging measurement
observation uncertainty constant time uncertainty

1. Temperature

1.1 Air temperature -80 -+60 °C 0.1K | 0.3 Kfor<-40°C 20s 1 min 0.2K Achievable uncertainty
0.1 Kfor>-40°C and effective time-
and < +40 °C constant may be affected
0.3 Kfor>+40 °C by the design of the

thermometer solar
radiation screen

Time constant depends on
the airflow over the sensor

1.2 Extremes of air -80-+60 °C 0.1K | 0.5 Kfor<-40 °C 20s 1 min 0.2K
temperature 0.3 Kfor>-40°C
and € +40 °C
0.5Kfor>+40 °C
1.3 Sea-surface -2-+40°C 01K | 0.1K 20s 1 min 0.2K
temperature
1.4 Soil temperature -50-+50 °C 0.1K | 20s 1 min 0.2K

(Referencia: WMO Guide to meteorological instruments and methods of observation 2014 edition, Updated in 2017)
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BASE NORMATIVA DE REFERENCIA

WMO N2 08:2021

1 2 3 Bl 5 6 7 8 9
Variable Range Reported Mode of Required Sensor Output Achievable Remarks
resolution  measurement/  measurement time- averaging measurement
observation uncertainty constant time uncertainty
2. Humidity
2.1 Dewpoint -80-+35°C 01K | 0.1K 20s 1 min 0.25K Measurement
temperature uncertainty depends on

the deviation from air
temperature

Wet-bulb temperature (psychrometer)

2.2 Relative 0 - 100% 1% | 1% 20s 1 min 0.2K If measured directly and
humidity in combination with air
temperature (dry bulb)
Large errors are possible
due to aspiration and
cleanliness problems
(see also note 11)
J Threshold of 0 °C to be
noticed for wet bulb

Solid state and others

40s 1 min 3% Time constant and
achievable uncertainty
of solid-state sensors
may show significant
temperature and
humidity dependence

(Referencia: WMO Guide to meteorological instruments and methods of observation 2014 edition, Updated in 2017)
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BASE NORMATIVA DE REFERENCIA

54

WMO N2 08:2021

PART I. MEASUREMENT OF METEOROLOGICAL VARIABLES

! 2 3 4 5 6 7 8 9
Variable Range Reported Mode of Required Sensor Output Achievable Remarks
resolution measurement/ measurement time- averaging measurement
observation uncertainty constant time uncertainty
6. Precipitation
6.1 Amount (daily) 0-500 mm 0.1 mm T: 01T mmfors5mm n/a n/a The larger of Quantity based on daily
2% for>5 mm 5% or 0.1 mm amounts
Measurement
uncertainty depends on
aerodynamic collection
efficiency of gauges and
evaporation losses in
heated gauges
6.2 Depth of snow 0-25m Tcm | 1cmfors 20 cm <10s 1 min 1cm Average depth over an
5% for > 20 cm area representative of the
observing site
6.3 Thickness of ice Not specified 1cm I Tcmfor<10cm
accretion on 10% for > 10 cm
ships
6.4 Precipitation 0.02mmh-' - 0.1 mmh-' I (trace): n/a for <30s 1 min Under constant Uncertainty values for
intensity 2000 mm h' 0.02-0.2mmh"’ flow conditionsin  liquid precipitation only
0.1 mm h- for laboratory, Uncertainty is seriously
0.2-2mmh-! 5% above 2 mm/h, affected by wind
5% for > 2 mm h-' 2% above 10 mm/h  Sensors may show
In field, 5mm/h and significant non-linear
5% above 100 mm/h behaviour
For<0.2mm h™:
detection only (yes/no)
sensor time-constant
is significantly affected
during solid precipitation
using catchment type of
gauges
6.5 Precipitation 0-24h 60s T n/a 60s Threshold value of

duration (daily)

0.02 mm/h

(Referencia: WMO Guide to meteorological instruments and methods of observation 2014 edition, Updated in 2017)
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BASE NORMATIVA DE REFERENCIA

DOC 9837:2017 (ICAO)

6. WIND SENSORS

6.1 General
6.1.1 Surface wind speed and direction measurements for asronautical purposes, as defined in Annex 3, are

usually perfformed by ultrasonic wind sensors or by mechanical wind vanes and anemometers. Specifications for both
types of instruments are given below.

6.2 Solid state wind sensors (e.g. ultrasonic)

Example
Wind direction Range: 0... 360°
Accuracy: +5°
Resolution: 1°
Sampling interval: Recommended 250 me, no more than 1 s
Wind speed Range: 0...55mis (0...110 ki)
Accuracy: +0.5 mis (1 kt) or 5 per cent, whichever is greater
Resolution: 0.5 mis (1 kt)
Sampling interval: Recommended 250 me, no more than 1 s.
Description
6.2.1 The specification is based on reporting requirements as well as practically attainable and verifiable accuracy

of current instruments.

622 In locations where icing may be a problem to wind measurement, heated wind sensors should be
considered.

'u::r Departamento FORCA AEREA BRASILEIRA
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BASE NORMATIVA DE REFERENCIA

DOC 9837:2017 (ICAO)

7.2 Meteorological optical range sensor (visibility sensor)

Exampla

Measurement range: From below 50 m to over 10 ksm MOR

Accuracy: 50 m below S00 m, 10 per cent between S00 m and 2 km, 220 per cent above 2 km

Resolution: Better than 30 m below 500 m, better than 100 m between 800 m and 5 km, betier than 1 km
above 5 km

Measurement interval: 1 m or less

Averaging penod: 1 m and 10 m (altemnatively less than 1 m, averaging to be carried out in the system software).

Description

721 The specification is mainly based on the reporting requirements, as well as practically attainable and

verifiable accuracy of instruments currently available.

Verification

722 Sensor documentation and inspection can be used to verify maost details, for example, measurement resolution
and interval. Accuracy should be proven with either of the two methods outlined below:

a) Transmissometers: calculations based on the accuracy of transmittance measurement, which has been
defined by, for example, tests with calibrated filters, carmed out under controlled conditions.

b) Scatter sensors and transmissometers: field tests against reference sensors of known quality. Note that
test results should be interpreted statistically. The accuracy specification above can be achieved with
50 per cent confidence in a field test, e.g. with current scatter instruments. The test should cover the range
of meteorological conditions typically occuming at the asrodrome.

v FORCA AEREA BRASILEIRA

sz gue pretegem o Has




BASE NORMATIVA DE REFERENCIA

DOC 9837:2017 (ICAO)

11. AIR TEMPERATURE AND DEW-POINT TEMPERATURE

11.4  Air temperature

Example

Measurement range: —40 ... +60°C

Accuracy: +0.3°C over the operating temperature range

Resolution: 01°C

Other: A suitable radiation shield or screen should be used to aveid solar radiation interfering with the
temperature measurement.

Description

1111 The example iz based on a typical measurement range, which should be compared against local

requirements. Accuracy specified above iz achievable with standard instruments widely available.

12. ATMOSPHERIC PRESSURE

Example

Measurement range: S00 ... 1100 hiPa

Accuracy: +0.3 hPa over the operating temperature range

Resolution: 0.1 hPa

Other: In case of outdoor installation a suitable static pressure head should be used to minimize the
effect of wind to the barometer pressure intake and therefore influencing the observed static
pressure.
Additional reliability can be achieved through redundant measurement, i.e. more than one
pressure Sensor.

Ratiomale

121 The detailed specification is based on industry standard level of performance.

v FORCA AEREA BRASILEIRA
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BASE NORMATIVA DE REFERENCIA

AC 150/5220-16E (FAA):2017

34. OPERATING ENVIRONMENT. All AWOS equipment and sensors should demonstrate

that they meet all operating tolerances under the operational environmental conditions described
in this AC.

a. Site Elevation. From 100 feet below sea level to 10,000 feet above sea level.

b. Eguipment Installed Indoors in a Conditioned Space.

(1) Temperature. From +40" to +105° F (+5 to +40° C),

{2) Relative Humidity, 5 percent to 90 percent (non-condensing).

¢. Eguipment Installed Outdoors.

(1) Temperature. Two operational environmental temperature ranges are defined for
the outdoor equipment, Class | is the minimum environment all outdoor equipment must operate
in. Class 2 is the harsh environment the outdoor equipment must operate in when installed in
locations known to exceed the Class | criteria.

Class 1: -30" 10 +130" F (-353" 10 +35" )
Class 2: -65%to +130° F (-55° to +55° C)

(2) Relative Humidity. 5 percent to 95 percent over the entire temperature range in
increments of 10° C.

(3) Wind. Up to 85 knots.

R ™ e
CA AEREA BRASILEIRA
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BASE NORMATIVA DE REFERENCIA

AC 150/5220-16E (FAA):2017

311, CLOUD HEIGHT SENSOR. The cloud height sensor should have a design range of at
least 12,500 feet, The sensor should provide an output of at least three cloud layers
representative of the sky conditions when surface visibilities are equal to or greater than

1/4 mile. The sensor should comply with the performance standards throughout its design
range.

a. Performance Standards. The sensor should detect the height of atmospheric
phenomena, i.¢., clouds and obscuring phenomena alofl, or in the event the phenomena are
surface based, e.g., fog, provide an estimate of the contact height (CH) or vertical visibility
(VV). CH is defined as the vertical height above ground at which visual reference to recognized
lights or objects on the surface can be established sufficiently to permit visual determination of
the ground plane and position. VV is defined as the vertical distance that an observer can see
vertically into surface-based obscuring phenomena, ¢.g., dust, fog, sand, etc., or the height
corresponding to the upper limit of the return of the ceilometer signal, or the height
corresponding to the height at which a balloon would completely disappear during the presence
of surface-based phenomena, i.e., an obscured sky. The sensor should have the capability of
discriminating between a negative response, i1.¢., no hit, resulting from no phenomena within the
sensor's design range, and a sensor error/fault. The sensor should not indicate a response, 1.e.,
hit, that is not the result of the detection of atmospheric phenomena.

(1) Range. The sensor should measure cloud heights and the heights of obscuring
phenomena aloft to a mimmum of 12,500 feet.

(2) Accuracy. Under laboratory conditions, the sensor should provide an accuracy of
100 feet or 5 percent, whichever is greater.

(3) Resolution. Not greater than: 50-feet surface to 5,500 feet; 250 feet from 5,501 to
10,000 feet; 500 feet above 10,000 feet.
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BASE NORMATIVA DE REFERENCIA

ANEXO 3:2010 (ICAO)

ATTACHMENT A. OPERATIONALLY DESIRABLE
ACCURACY OF MEASUREMENT OR OBSERVATION

Note.— The guidance contained in this table relates to Chapter 2, 2.2, in particular to 2.2.7, and Chapter 4.

Operationally desirable accuracy
Element to be observed of measurement or observation™®

Mean surface wind Direction: = 10°
Speed: = 0.5 m/s (1 kt) up to 5 m/s (10 kt)
= 10% above 5 m/s (10 kt)

Variations from the mean surface wind =1 m/s (2 kt), in terms of longitudinal
and lateral components

Visibility =50mup to 600 m
= 10% between 600 m and 1 500 m
=20% above 1 500 m

Runway visual range =10mup to 400 m
=25 m between 400 m and 800 m
= 10% above 800 m

Cloud amount =1 okta

Cloud height =10m (33 ft) up to 100 m (330 ft)
= 10% above 100 m (330 ft)

Air temperature and dew-point +=1°C

temperature

Pressure value (QNH, QFE) =0.5hPa

* The operationally deswrable accuracy 15 not intended as an operational requirement: 1t 15 to be understood
as a goal that has been expressed by the operators.

Note— Guidance on the uncertainties of measurement or observation can be found in the Guide to Meteorological
Instruments and Methods of Observation (TWAMO-No. §8).
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ICA 105-15:2021

Anexo I — Precisio operacional das medidas ou observacdes de variaveis meteorologicas

Variavel meteorologica Precisao operacional
Vento médio a superficie diregdo T10°
_ + 1 kt até 10 kt
velocidade ) ]
+ 10% quando acima de 10 kt
variagdes + 2 kt. em termos longitudinais e componentes laterais
Visibilidade + 50 m até 600 m
t+ 10% entre 600 e 1.500 m
* 20% quando acima de 1.500 m
Alcance Visual na Pista (RVR) + 10 m até 400 m
+ 25 m entre 400 ¢ 800 m
+ 10% quando acima de 800 m
Nuvens quantidade | + 1 oitavo
(33 ft) ate (330 £t
altura ( ) ( . ) i
t 10% quando acima de (330 fI)

Temperaturas do ar e do ponto de orvalho | £1°C

Umidade relativa do ar T 1%
Pressao QNHe QFE | + 0.5 hPa
Precipitacio + 0.1 mm

As precisdes acima devem ser compreendidas como objefivos a serem alcancados na Observacdo
Meteorologica.
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BASE NORMATIVA DE REFERENCIA

@ REQUISITOS TECNICOS X REQUISITOS OPERACIONAIS

- Os requisitos técnicos normalmente s3ao mais
abrangentes/restritivos do que os requisitos operacionais a
fim de garantir que a leitura das observacoes meteorologicas
estejam dentro dos intervalos/limites permitidos no Anexo |
da ICA 105-15 (Parametrizacao Operacional).

- Deve-se considerar as incertezas associadas derivadas dos
transdutores, do arrendondamentos dos valores/cdlculos
disponibilizados na tela de visualizacao e do processamento
das informacdes oriundas dos sensores meteorologicos (ISO
GUM 2015).
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REQUISITOS OPERACIONAIS
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@ REQUISITOS OPERACIONAIS
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@ REQUISITOS TECNICOS
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BRAC-M

SISTEMA DE GERENCIAMENTO DE BASE DE REQUISITOS DE AVALIACAO DA CONFORMIDADE

Gerente/ICEA

Nomero PCEA DATA STATUS Editar Consultar Exportar Enviar Bawar
BRAC VIGENCIA

PCEA

NOVA BRAC ] ST = T
MET -1 |.)P\ng 31/08/2021  PUBLICADA XLS | PDF ;
AUXILI o oS

HISTORICO EXCLUSOES METEOROLOGICO

. - EMS-1/2/3
USUARIOS

GLOSSAR'O netitute de Controle do Expace Adveo - IKTA

Subdivesbo de Avsliagio 0u Canforsadads - PCO
Sracs Marechal-00.Ar Zouaecio Gommes 50 - Via das Acacias
SENHA Sic José 00s Campos/EP « Sragil CE2: 12.228.903
«55 110) JIE-5000 / cea@faomil br
LOGOFF Oewslcped by Funaacis =0T
Fowered Oy
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BRAC-M

https://pesquisa.icea.decea.mil.br/media/posts_docs/BRAC_MET - 2 PCEA_ID 3.pdf

DEPARTAMENTO DE CONTROLE DO ESPACO AEREO

INSTITUTO DE CONTROLE DO ESPACO AEREO

BRAC: MET - 2| ID PCEA: 3 | EMS-1/2/3/A | AUXILIO METEOROLOGICO

Data de Aprovacao: 117102023

Arquive gerado em: 16-10-2023 16:13:33

MODULO - REGISTRADORES DE
DADOS (DATA LOGGER)

ID: 1 - Conversor A/D: 10 bits ou
maior

Item 9.3.1 do Documento
EPA-454/B-08-002

MODULO - REGISTRADORES DE
DADOS (DATA LOGGER)

1D: 2 - Faixa de Operagiio
(Temperatura / Umidade Relativa ¢
Velocidade do Vento): -10°C até
60°C faté 100% UR / até 44 m/s

Item 3.1 do Apéndice B do Doc 9837
NA/454, 2" Edigao da ICAO (Os
valores de temperatura minima ¢ de
maxima velocidade de vento foram
adequados aos valores esperados nos
aerdddromos do Brasil)

Faixa de Operacdo
(Temperatura ! Umidade
Relativa ¢ Velocidade
do Vento): -10°C até
50°C faté 100% UR /
até 44 mJs

MODULO - REGISTRADORES DE
DADOS (DATA LOGGER)

ID: 3 - Armazenamento de dados:
As informacdes meteorologicas
deverdo ser arquivadas no proprio
registrador de dados “Data Logger”
cuja capacidade de armazenamento
seji por um periodo minimo de trinta
dins

Alinea d) do Item 16.2 do MCA 102-7
eltens 11.3.1 ¢ 11.3.2 do Doc 9837
AN/454, 2* Edigio da 1ICAO
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1D | REQUIST

MODULO - SISTEMA DE ID: 4 - Software de Visualizagdo ¢ | Alinea d) do Item 16.2 do MCA 102-7
PROCESSAMENTO E Processamento de Dados:
VISUALIZACAO DE DADOS Homologado pelo DECEA
MODULO - SISTEMA DE [D: 5 - Armazenamento de dados: | Alinea d) do Item 16.2 do MCA 102-7
PROCESSAMENTO E As informagdes meteorologicas e ltens 11.3.1 e 11.3.2 do Doc 9837
VISUALIZACAO DE DADOS deverdo ser arquivadas no proprio AN/454, 2° Edigao da ICAO (Em
servidor do sistemas de fun¢ido do valor estatstico das
processamento e visualizagio de informagdes meteorologicas)

dados ou em servidores cuja
capacidade de armazenamento seja
por um periodo minimo de seis

meses
MODULO - SISTEMA DE ID: 6 - Os parametros Item 11.2 do Doc 9837 AN/454, 2°
PROCESSAMENTO E meteorologicos ndo fornecidos Edigdo da ICAO
VISUALIZACAO DE DADOS diretamente por um sensor devem

ser calculados mediante a utilizagiao
de algoritmos bem definidos e
explicitos e que sigam os padroes ou
praticas recomendadas pelo Anexo
3 da ICAO

SENSOR - ANEMOMETRO DIRECAO DO ID: 7 - Faixa de Medigdo: 0 a 355° | Item 6.2 do Apéndice B do Doc 9837
VENTO AN/454, 2* Edi¢do da ICAO e Anexo
1.A da Parte | da WMO 08:2018 (O
valor do extremo superior foi subtraido
do valor maximo de resolugio admitido
(360°- 5°= 355°), pois com essa
resolugdo o tnico valor superior a 355°
que poderi ser medido sera o de 360°

ou 07)
SENSOR - ANEMOMETRO DIRECAO DO ID: 8 - Exatidao: =5° ou melhor [tens 6.2 e 6.3 do Apéndice B do Doc
VENTO 9837 AN/454, 2* Edigio da ICAO
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BRAC-M

SENSOR - ANEMOMETRO DIRECAO DO ID; 10 - Resolugdo para Sensores de | Ttem 6.2 do Apéndice B do Doc 983
VENTO Vento de Estado Solido (Sonicos): AN/454, 2" Edicdo da ICAO ¢ Anexo
<1° 1.A da Parte | da WMO 08:2018
SENSOR - ANEMOMETRO DIRECAO DO 1D: 11 - Faixa de Operacio ltem 3.1 do Apéndice B do Dog 9837 Faixa de Operacao
VENTO (Temperatura / Umidade Relativa e AN/434 2" Ediedo da IC (Temperatura / Umidade
Velocidade do Vento): -10°C até valores Relativa ¢ Velocidade
60°C /até 100% UR [ até 44 m/s maximyi do Vento): -10°C até
adequados aos valores esperag 50°C /até 100% UR /
aerddromos do Brasil) ate 44 nv's
SENSOR - ANEMOMETRO DIRECAO DO ID: 12 - Compatibilidade Item 4.2.2 do Apéndice B do Doc 9837
VENTO Eletromagnética (EMC): Com base AN/454, 2* Edigdo da ICAO
na IEC 61326:1997
SENSOR - ANEMOMETRO DIRECAO DO ID: 13 - Classificagdo de Protegido | Item 3.1 do Apéndice B do Doc 9837
VENTO do Involucro ("Housing AN/454, 2° Edigio da ICAO
Classification™): IP36
SENSOR - ANEMOMETRO DIRECAO DO ID: 14 - Intervalo de Amostragem | Item 6.2 do Apéndice B do Doc 9837
VENTO para Sensores de Vento em Estado AN/454, 2* Edigao da ICAO

Séhdo (Ultrassomcos): < 1s
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SENSOR - ANEMOMETRO

VELOCIDADE
DO VENTO

ID: 19 - Faixa de Operagao
(Temperatura / Unuidade Relativa e
Velocidade do Vento): -10°C até
60°C / até 100% UR / ate 44 mv's

Item 3.1 do Apéndice B do Doc 9837
AN/454, 2" Edigao da ICAQ (Os
valores de temperatura minima e de
maxima velocidade de vento foram
adequados aos valores esperados nos
aerddromos do Brasil)

SENSOR - ANEMOMETRO

VELOCIDADE
DO VENTO

1D: 26 - Compatibilidade
Eletromagnética (EMC): Com base
na IEC 61326:1997

ltem 4.2.2 do Apéndice B do Doc 9837
AN/454, 2* Edigdo da ICAO

SENSOR - ANEMOMETRO

VELOCIDADE
DO VENTO

ID: 21 - Classificagdo de Protegio
do Invélucro ("Housing
Classification™): 1P56

Item 3.1 do Apéndice B do Doc 9837
AN/454, 2* Edigdo da ICAO

SENSOR - ANEMOMETRO

VELOCIDADE
DO VENTO

1D: 22 - Intervalo de Amostragem
para Sensores de Vento de Estado
Solido (Somicos): = 1s

Item 6.2 do Apéndice B do Doc 9837
AN/454, 2* Edigio da ICAO

SENSOR - ANEMOMETRO

VELOCIDADE
DO VENTO

ID: 23 - Limiar Inicial ("Starting
threshold"): < 0.5 mvs (1 kt)

Item 6.3 do Apéndice B do Doc 9837
AN/454, 2* Edigao da ICAO e Item
3.7.a.(2) do Aviso Circular AC
150/5220-16E da FAA

s

+

FORCA AEREA

Aurm Qus preteger 0 Haa




ROTEIRO

» METROLOGIA NA METEOROLOGIA (Ensaio em Laboratdrio)
> BASE NORMATIVA DE REFERENCIA (BNR)

» BRAC-M




OBJETIVO

Demonstrar os desafios e a metodologia utilizada na elaboracao da
Base de Requisitas Minima de Avaliacao de Conformidade (BRAC-

M) para as Estacoes Meteoroldgicas de Superficie (EMS) no ambito

do SISCEAB.




O que ndo é medido e
checado ndo pode ser
gerenciado.

William Edwards Deming
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