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1. Introduction
This document provides brief and general guidance to WMO Members and their partner airlines on the requirements and process to develop and implement AMDAR onboard software on commercial aircraft fleets. Such development enables onboard atmospheric measurements to be accessible in near real-time for use by National Meteorological and Hydrological Services (NMHS) in numerical weather prediction and other meteorological forecasting applications for both aviation and the general public. The document consists of: 

-
an overview of the various aircraft and avionics (aviation electronics) platforms and AMDAR applications solutions; and 

-
a simple road map for the process of AMDAR onboard software development and implementation. 

General descriptions and information about the AMDAR observing system and its functionality can be found on the website of WMO (see http://www.wmo.int/amdar). 

Specific and detailed requirements for AMDAR onboard functionality are provided in the WMO AMDAR Onboard Software Functional Requirements Specification (AOSFRS), available from the AMDAR/Resources site.

Guidance on the wider requirements for implementation and operation of an AMDAR programme are available in WMO WIGOS Technical Report 2014-2, Requirements for the Implementation and Operation of an AMDAR Programme.

2. Avionics Systems
Until the middle of the 20th century, information and data relating to various aspects of aircraft flight operation, performance and navigation were available within the cockpit only as visual analogue or coarsely digitized displays and gauges. Then, gradually, avionics evolved into digitized systems, either receiving digital input or converting the analogue input after reception. In modern aircraft, atmospheric data, including static and total pressure and air temperature are sampled as close as possible to the sensor elements by the air data computer (ADC) and sent, or made available to other avionics units within the aircraft, for example, the flight management system (FMS), via digital connections such as the serial interface complying with e.g. ARINC 429. This standard defines the physical and electrical interfaces of a two-wire data bus and a protocol data unit for supporting the local data network of on-board electronics. Most avionics data connections comply with this standard. However, this is an example of only one of several kinds of data buses used on aircraft. All the flight mechanical, engine and navigation systems information is processed and stored digitally.

The real-time flight data are of interest to the cockpit crew for a range of purposes associated with flight operation and aircraft performance and some elements also to air traffic management. Whereas the communication of this information in-flight was once done via voice radio under the old regime, nowadays, large volumes of data can be automatically transmitted to ground via ground-based or satellite-borne networks of transceiver stations or else downloaded on arrival for use by the airline for post-flight analysis. Aircraft Data Processing and Communications Systems

The first international deployment of an automatic aircraft communications system is the ARINC system solution called Aircraft Communications Addressing and Reporting System (ACARS). The corresponding equipment on board an aircraft may be called the Management Unit (MU) or, in the case of newer versions with more functionality, the Communications Management Unit (CMU). Since the late 1990s Airbus aircraft are equipped with a system called Air Traffic Services Unit (ATSU). In addition to the conventional ACARS data and message processing, this system also handles the routing of Air Traffic Control (ATC) information. 

These avionics units function both as data acquisition systems and as routers for the processed data. 

On some aircraft types (e.g., UPS aircraft Boeing B757) the data sampling and processing is carried out by a system called the Digital Flight Data Acquisition Unit (DFDAU), which sends these data to a separate ACARS unit. Another kind of data acquisition unit is the Aircraft Condition Monitoring System (ACMS). These units are modular in design and transfer their output data to the system component that provides the ACARS downlink communications function. 

There are a range of vendors of these avionics systems that include the most common and widespread in deployment, including Teledyne, Rockwell-Collins, Honeywell, etc.

In most cases, the unit’s sampling behavior is programmable in compliance with special ARINC standards
. The sampling activity and frequency is configurable depending on the user’s interest. Using such functionality, purpose-built applications can be developed for the avionics systems to enable the controlled recording and sending of data and information in real-time or based on various triggers, such as time, or the value of particular parameters and variables. External and ground-based control of these applications is also possible, through the use of uplink commands sent via the communication provider to the onboard ACARS unit or the corresponding data acquisition unit. In this way, the applications can be reconfigured before or in-flight for specified sampling and reporting behavior during different flight phases. 

In the case of the AMDAR onboard application – the AMDAR Onboard Software - it is the aircraft’s sampled data of the ambient atmosphere that is of interest for meteorological purposes. 

2.1. Avionics Applications for Meteorological Use
The meteorological and functional requirements for the reporting of meteorological data from an aircraft platform are described in detail in the AMDAR Onboard Software Functional Requirements Specification (AOFRS
).

The AMDAR Onboard Software (referred to as the “AOS module”) performs the following basic functions:

· Accept input data from a variety of the aircraft innate avionics equipment. 

· Perform high level quality checks on the input data. 

· Perform calculations upon the input data to derive required meteorological parameters 
(flags and optionally turbulence statistics). 
· At set intervals, process collected data into standard output messages for transmission to ground stations. 
· Accept inputs, allowing users to alter the AMDAR Onboard Software behavior. 

WMO and its expert teams have historically developed and maintained several standards for AOS functionality and corresponding uplink and downlink formats:

The AOSFRS

The AOSFRS issued by WMO, provides the primary WMO meteorological-based specification for AMDAR onboard software. It definesthe recommended formats for AMDAR data uplink and downlink for ACARS applications of AMDAR onboard software. This specification will be consistent with and provide the functional requirements for the ARINC 620‑8 Meteorological Report Version 6. The AOSFRS is published and will be maintained as a CIMO, Instruments and Observing Methods (IOM) technical report.
ARINC 620 

ARINC 620 issued by Airlines Electronic Engineering Committee (AEEC), i.e. for applications on ACARS units like MU or CMU (programmed i.e. by Honeywell). This document contains the specifications of the AMDAR onboard software, Meteorological Report versions 1 to 6(from version 1 right up to the most recent one). Data link formats and flags are defined here. 
· A copy of the latest specification can be purchased from the ARINC Store
· AAA
 (ACARS Aircraft AMDAR) once written for applications on Teledyne units
, 

· These software applications have been developed by AirDatec and implemented for Qantas and Jetstar Airbus and Boeing fleets, South African Airways Airbus fleets and British Airways fleets. The AAA specification series is now superseded by the AOSFRS (see above).
The standards provide the specification of requirements for functionality and message formats for the AOS module’s implementation by an avionics applications developer. It is recommended that only the most recent versions of these standards are used as a basis for new and future AOS application solutions using ACARS and alternative or succeeding systems. In particular, the AOSFRS provides the full and detailed specification of required functionality for AOS, with version 1.1 compatible and consistent with version 6 of the Meteorological Report formats as specified within the ARINC 620 Supplement 8 and later.

The feasibility of AMDAR implementation, the level of functionality and also the options (humidity, turbulence, event controlled transmissions, optional parameters for quality control) able to be implemented will heavily depend on the performance and architecture of the avionics. 

Figure 1 provides a schematic and simplified overview of those parts of the avionics infrastructure playing a role in the AOS operation.

On the left hand side are the existing avionics system components that continuously generate the input for the AOS, such as 

1. the air data computer for the aerodynamic parameters

2. the navigation system delivering flight mechanic data and the position 

These data are transmitted to a system normally called the “flight management system” (FMS). Many of real-time flight operational processes are run in the FMS, for example, the wind calculation. 

The parameters listed in the output column of the FMS box in figure 1 are transmitted to the data acquisition unit running the AMDAR on-board software (AOS). On some aircraft types this is the same unit that hosts the data link functions for ACARS (e.g. MU, CMU, ATSU, etc). On other aircraft the AOS may be run on separate data acquisition units, e.g. DFDAU or ACMS. 

The parameters FMS 1. to 7. are the conventional set of AMDAR data to be processed by the AOS. 

The humidity values get directly into the AOS unit via an extra ARINC 429 interface driven by the humidity sensor system. 

The parameters FMS 8. and 9. are requested by the latest ARINC 620 or AOSFRS versions. These parameters are useful input to the nowcasting and the numerical weather prediction respectively. 

The parameters FMS 10. to 16. are parameters being required if the AOS also consists of the turbulence statistics process. 

The parameters FMS 16. to 19. are temporarily of interest for quality control purposes. The activation depends on corresponding uplink commands sent on demand to the aircraft. 

Depending on the avionics architecture or the firmware’s dimensioning the AOS unit can process uplink commands from ACARS. 

By all means, this unit sends the AMDAR data to ACARS for downlink transmission. 

It may happen that the downlink does not only have to send the regular reports but also additional reports having been triggered in between by turbulence events. 
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	Figure 1: 

Schematic overview of the information flow on an aircraft from the relevant sensors to the system component where the AMDAR On-Board Software (AOS) is running and where the transfer to the downlink process of ACARS is done. 

The table blocks with the hatched title bar describe the parts which do not belong to the standard aircraft equipment. 

The dashed and dotted arrows mark the handling of parameters beyond the basic AMDAR data set. Provision of humidity data depends on the existence of humidity instrumentation and on the implementation of an AOS complying with the latest AOSFRS or ARINC 620 standard. 


1. Ground 
Component of AMDAR Software

1.1. General Things about the Ground Software

For the ground software systems having the job of converting AMDAR data and controlling the AOS activity there is no international standard. Each airline has to decide which way the downlinked and uplinked data will go. 

1.1.1. Converter for Downlinked Data
The meteorological data sent to the ground have to be picked out of the ACARS downlink data stream and have to be sent to the corresponding NMHS or the data management centre of the regional AMDAR program. This diverting job can either been done by 

1. the contracted airline as being the proper receiver of the data 

2. or in acquiescence with that airline directly by the broadcasting network service provider such as ARINC or SITA. 

In any of these scenarios it is necessary to implement or at least configure software systems for that data diverting job. 

1.1.2. Ground-based Optimisation & AOS Control
The AOS needs to be controllable via ACARS uplinks. Within a region for example like central Europe a large amount of AMDAR configured aircraft is flying around. Over the frequented air traffic hubs the problem of costly redundancies by too many ascend and descend profiles has to be solved. Via an optimizing tool driven on a ground based system the meteorological ACARS use can be activated or deactivated in a way that the frequency of profiles gets just as required in time and space. The user gets a sampling activation on flight segments selected by an optimization process. 

The AOS features to be switchable should be 

-
activity of data downlinking during previously selected flight phases, 

-
adding of flight operational parameters for quality control purposes.

The detailed requirements for the uplinks are given by ARINC 620 and AOSFRS. An overview about the already existing systems for optimization and AOS control is given in <<AMDAR Optimisation, Douglas Body>>. 

2. Development and Implementation of AMDAR Onboard Software

2.1. Availability of Existing AOS Modules

In 
some cases, it may be that an AOS application is already available as an ARINC 620 compliant module (enabling provision of AMDAR reporting via the ARINC 620 Meteorological Report) within the existing avionics system and the applications suite delivered by the avionics vendor of the prospective airline AMDAR fleet. Alternatively, it may also be possible that such an application is available but not yet installed within the particular avionics system in question. This has been true of several AMDAR programs taking advantage of Honeywell systems. However, unfortunately, at the current time, this seems to be rare and, in most cases, a special AOS application development will be necessary, especially in the case that compliance with the latest AOS standards is required.

It may also be possible that AOS modules for the prospective AMDAR airline fleet and its particular avionics configuration have already been developed andimplementedfor another AMDAR program. In which case, it may also be possible to arrange for that AOS to be provided or purchased through negotiation  with either the relevant airline or avionics vendor. However, again, it must be ascertained if the existing AOS module provides the required functionality for the new or prospective AMDAR programme. Additionally it is often the case that an AOS module that functions correctly on one airline fleet, may not do the same on that of another, even if the avionics systems are the same, due to differences in configuration and other factors.. Therefore, ground-based and in-flight testing of all AOS modules, whether new or ported from another development, should be undertaken and it should be understood that there may be a requirement for some reprogramming and/or reconfiguration of the AOS module by a developer. 

2.2. Availability of Existing AOS Modules

The development of AOS applications for the relevantavionics equipment of an airline can be done in one of several possible ways:

· the corresponding avionics vendor;

· by a suitably qualified and certified 3rd party contractor; or possibly
· by a specialized department of the airline itself.
In most cases, the airline will make the decision about which of these possible solutions for AOS development is appropriate and/or permissible
. The cost of AOS implementation is outlined in the WMO Technical Report No. 2014-02 (Requirements for the Implementation and Operation of an AMDAR Programme). Depending on the circumstances ranging from readily installable routines to the necessity of a completely new software development the costs are to be expected between US$ 10 k and US$ 100 k. 

A 
comprehensive list about software versions, the hosting systems and the corresponding AMDAR project is given in Appendix XXX. 

3. Process to Achieve 
AMDAR Onboard Software Implementation

In the Section 5.3 of the document, Requirements for the Implementation and Operation of an AMDAR Programme (WIGOS Technical Report No. 2014‑02) the organizational project frame for the software implementation is given. 

However, the required meteorological functionalities are to be programmed in compliance with or at least following the latest releases of AOSFRS and / or ARINC 620. 

3.1. Decision about the commercial structure of the AMDAR project

The question about the topology and herewith the contract partners has to be solved. The NMHS or the regional AMDAR program has to decide if they take 

· either the individual airlines 

· or the network provider 

as contract partner.    As a consequence, the path of the downlinked meteorological data to the principal either goes 

· through the airline’s communication center 

· or directly via the network provider. 

Both cases need the cooperativeness of the envisaged airlines. 

Two things have to be cleared with the airline either directly or by the contracted network provider: 

· the possibility of an AOS implementation (possibly including humidity and turbulence), 

and 

· the legal frame of the AMDAR data use because the owner of the data is the airline.

3.2. The AOS design or preparation

The entity finally to be addressed for any modification of the ACARS functionality is the corresponding airline. They will decide if the communication system may be modified. Some airlines are able to do the software modification or configuration by themselves. But in most cases there is the avionics vendor or another system integration partner having the administration rights and capabilities for the avionics units hosting data acquisition and ACARS. The final success depends on several things, such as: 

· performance of the AOS host unit, 

· portability of possibly available software to the host unit, 

· certification efforts to be financed, if an AOS could interact with system parts being relevant for aircraft security or air traffic services communication. 

Depending on the feasibility and finally on the price of the implementation compared to the number of accessible aircraft with compatible AOS hosting units the NMHS or regional AMDAR program can decide about ordering. 

On the side of the physical functionalities apart from the turbulence all design parts of the AOS are independent of the aircraft type. The extent of handled parameters just depends on their availability via interfaces to the AOS host unit. 

The software’s part for turbulence needs some coefficients depending on the aircraft type. This means some extra software configuration for each different aircraft type. 

3.3. Testing of the AOS

The elementary precondition for this test is the correct operation of the ground systems doing both

· the separation of the meteorological data from the downlinked ACARS reports

· and the meteorological data transmission to the NMHS or regional program. 

The AOS prototype implementation has to be tested during the normal flight operation over some months. The data analysis has to care about data plausibility, outliers, deviations of the meteorological parameters from the first guess background of models. 

The turbulence measurement part of the AOS needs test flights for each different type of aircraft. The sampled data need to be analyzed offline by specialists who finally derive the correct coefficients to be applied for the aerodynamically different aircraft. 

3.4. Final Implementation of the AOS

In the case of AOS without turbulence part the implementation finally just consists of identical software installations on the appropriate family of hosting units on the fleet. In case of covering also the turbulence part the installations need different modules depending on the aircraft type. 

However, the realization of AMDAR software implementations always depends on the cooperativeness of the envisaged airline. They need to see the advantages of the outcome on the side of the weather forecasts as well as on the side of a better quality control over the onboard instruments. 
� The AOSFRS is available from the WMO AMDAR/Resources website : � HYPERLINK "http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/resources/index_en.html" �http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/resources/index_en.html�





�This is where I suggest a few paragraphs on ARINC standards is added and the important ones to AMDAR are identified – 618, 620 and 429?


�These should be in the order: AOSFRS, ARINC 620 and AAA.





To describe each, I suggest using the description provided at the Resource site: � HYPERLINK "http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/resources/index_en.html" \l "amdar_stds" �http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/resources/index_en.html#amdar_stds�





Perhaps these can be provided within a table similar to the resource site?





The resource site should also be referenced here.


�Most AAA applications use the ACMS.


�This seems to be repeating the information at the start of the section. Perhaps  you should have the detail in this part and a more brief summary at the start?


�Under AOS:





The interface should comply with ARINC only. It is the output to ACARS from the AOS that should comply with the AOSFRS and the ARINC 620.


�I think it is worth having this section at the end – but only if it adds something more than WIGOS TR-2014-2. 


�We need to have a section here about the WMO Avionics Survey form. See the WIGOS TR-2014-2 for some words that might be cut and paste?


�We also need some words here or in the next section on the cost. This can be cut and pasted from the WIGOS TR?


�It would also be useful to have a list of contacts (agreed by them) to add to the appendix. E.g. Jeannine for RWC.


�For this section, you could sumarise the content of WIGOS TR 2014-2 and refere to it. http://www.wmo.int/pages/prog/www/GOS/ABO/ABO_Reports.html


�This Section needs to have the following steps and corresponding sections (brief)





 Determining and specifying requirements (for AOS functionality – using the AOSFRS and Appendix H)


 Identifying and Contracting the AOS Developer


 Providing Spec. Of Req. to Developer


 Testing of the AOS


Implementation





Also need to explaing that all the other steps in WIGOS TR 2014-2 need to be in place.





