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	SUMMARY AND PURPOSE OF DOCUMENT

Provides guidance on function and implementation of AMDAR Optimisation (that is, redundant data reduction) systems


ACTION PROPOSED

The Session is invited to review and discuss the content of the document.
______________

Background

AMDAR

Aircraft Meteorological DAta Relay[
] predominantly uses the on-board aircraft sensors to measure meteorological information.  The resulting data are then transmitted to the ground via VHF or satellite link using the aircraft’s own communications system (ACARS - Aircraft Communications Addressing and Reporting System).  When the airline receives the data, it sends it on to the National Meteorological and Hydrological Services (NMHS) where it is processed, checked for quality and incorporated into meteorological applications, including Numerical Weather Prediction (NWP) models and forecasts for aviation.[
] 

The WMO global AMDAR system now produces over 600,000 high-quality observations per day of air temperature, wind speed and direction, together with the required positional and temporal information and with an increasing number of humidity and turbulence measurements being made.
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Figure 1: Block diagram of a typical non-optimised AMDAR Observation System 
While the cost per observation is generally lower than for other upper air measurement systems, for example, the balloon borne radiosonde measurement system, most AMDAR programs involve a cost for each observation received by the NMHS. A large component of this cost is associated with the air to ground communications which, particularly over remote land and ocean areas, can be significant in a larger program with a fleet of many aircraft. It becomes a more significant issue still when satellite communications are required to be used (in preference to VHF communications).

Requirements for Data

Redundant Data

Redundant data are any observations that are surplus to requirements of data users and their applications. Meteorological requirements for upper air observational data are defined by WMO under its Rolling Review of Requirements[
] process. WMO Members should ensure that they are aware of both national and international requirements of data users for the provision of upper air data before determining the best methods and configurations for optimisation of aircraft-based observations and AMDAR observing systems.

Importantly, some data users may actually specify a requirement for what might initially be considered “redundant” data. For example, numerical weather prediction systems may be advantaged by the provision of one or more additional observations of particular variables at the same point in space and time so as to obtain or allocate a higher degree of certainty to such observations. Consideration of such requirements should also be made.

Data Coverage

Data coverage refers to the spatial and temporal distribution of aircraft observations.

For an AMDAR Program with redundant data, there are two key aspects of data coverage that are required to be specified and controlled:

1. The temporal and spatial separation of vertical profiles (of meteorological parameters) made on aircraft ascent and descent; and,

2. The temporal and spatial separation of isolated reports made during level flight.

The principal aim of an effective AMDAR data optimisation system is to enable delivery of output data at sufficient spatial resolution and temporal frequency to satisfy user requirements, without delivering greater volumes than required (redundant data).

One of the challenges is that such requirements may vary with location, local weather situation and season.  

Whereas data supply will depend on:-

· passenger demand : this affects the number of aircraft that fly to a destination, and the types of aircraft used;

· Airline priorities and agreements made with NMHS for provision of data; and

· Airport capacity and regulations (for example curfews)


Figure 2 shows modelling based on data from the Australian Bureau of Meteorology.  While actual figures for each AMDAR program will vary, the relationship between AMDAR fleet size and the trends in vertical profile production and redundancy are likely to be similar:

· The % of redundant profiles increases linearly with the number of non-optimised aircraft.  In this data, with 50 aircraft ~1/3 of the profile are redundant.

· The number of redundant profiles (and hence their cost) increases non-linearly with the number of non-optimised aircraft.  That is, a greater percentage of, a greater number of profiles are redundant.  In this particular example, the number of redundant profiles increases as the square of the number of aircraft. 
Based on this program and the requirements specified, 50 aircraft produce ~66,000 redundant profiles a year.  Assuming US$2/profile, this amounts would amount to $132,000/year in redundant data and a potential saving of 33percent of communications costs if eliminated
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Figure 2: Increase in Redundant Data with number of aircraft

Optimization Methods/Strategies

AMDAR Software Capabilities

The AMDAR On-board Software Functional Requirements Specification (AOSFRS) specifies possible functionality of the AMDAR onboard software which would provide varying degrees of data optimisation, depending on the level of compliance implemented.  This includes:-

1. Storage of AMDAR onboard software configurations to manage:-

· Production of vertical profile data at a list of airports

· Production of AMDAR data within geographical boxes.

· Production of AMDAR data within time windows.

2. Ability to adjust stored configurations both manually and remotely.

3. Ability to receive and process requests to remotely make changes to the AMDAR reporting configuration, to be effective either permanently or for the current or next flight only. 

While use of the stored/default configurations for each aircraft can provide a degree of control over data output and program optimisation, in isolation, it is (by definition) unable to respond dynamically to the reporting of observations by other aircraft, which will be variable and changing, being subject to airline operational schedules.  For this reason, the ability to make changes to an aircraft configuration, both remotely and automatically, in response to a command request, is required.

Remote changes typically require a formatted command message to be sent to the aircraft using the standard ACARS (data) link. This command is often referred to as an uplink.
AMDAR Optimisation Systems

While it is feasible for some degree of data optimisation to be achieved by a person issuing uplink commands in response to changing conditions, the best solution comes from using a ground-based and automated (optimisation) system.  This allows 24/7 response to changing meteorological requirements for data and aircraft operations and data availability.

The section below outlines the steps such optimisation software ideally should implement.  The perfect system would be one that had the flexibility to manage all the AMDAR equipped aircraft available to a NMHS.  This allows the best response to changes in weather conditions and demand. 
However, it is recognised that in practice, perhaps due to issues of compatibility between the systems used by different airlines and/or a concern that one airline’s data may somehow become available to its competitors, an AMDAR optimisation system may well have to rely on individual airline-by-airline optimisation.

Optimisation System Processes
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Figure 3: Block diagram of a full AMDAR optimisation system.

A full AMDAR optimisation system is depicted in Figure 3 and consists of three main steps.  These are outlined in greater detail below, but consist of:-

1. Flight Awareness: Before take-off (often as the aircraft leaves the gate) it sends an optimisation message to the AMDAR Optimisation system.  This contains sufficient information for the System to identify the aircraft and the route (origin/destination) involved.  
2. Evaluate Profile Suitability: Before the aircraft takes off, the Optimisation system decides what data, if any, is required from this flight and 
3. Uplink Generation: sends the appropriate uplink command to switch on/off data collection during the different flight phases. Even if no data is required from this flight, an uplink command may still be required to override the settings from the previous flight by this aircraft.
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Step 1: Flight Awareness

The first stage of any optimisation is the system “becoming aware” of an AMDAR aircraft flight.  This is usually the result of the receipt of Optimisation Message.  

Whatever the format, the message contains (at a minimum) :-

· Aircraft identity – either providing or able to be linked to the aircraft call sign (or tail number)

· Flight origin

· Flight destination

· Estimated time of departure

· Estimated time of arrival at destination

Step 2: Profile Suitability Evaluation

Once the optimization system is aware of a flight, it must decide in which flight phases (if any) AMDAR data will be collected.  

The decision to activate or deactivate the AMDAR onboard software for data collection will depend on one or more of the following factors:-

· Data Requirements:- 

· From the “Flight Awareness” phase, the flight origin and destination are known. Thus it can be determined where and an estimate of when profiles (on aircraft ascent and descent) and the series of enroute reports (made between the departure and destination airports) will be generated.

· This potential data availability is then compared to a maintained set or database of rules or targets for AMDAR data collection for a list of airports and routes, which are based on the requirements for upper air data.  Rules may also be dependent on time of day, season or local weather conditions.

· Aircraft reporting and configuration status:-

· From the “Flight Awareness” phase the identity of the aircraft is known.  This can be used to interrogate an internal NMHS database to determine the status of the aircraft based on available metadata.  Factors to be considered include:-

· Data quality of reported parameters: Has the aircraft been “black-listed” for reporting based on previous data quality checks, e.g. comparison to computer model or radiosonde.

· The preference of one aircraft over another for the provision of critical parameters, e.g. the reporting of humidity or turbulence.

· Aircraft/Airline observation cost:-

· From the “Flight Awareness” phase the identity of the aircraft is known which can then be used to obtain from the database the aircraft or airline based cost of the data.  

· This can be compared with the costs of any alternative flights for the same time and departure or destination airport and even the enroute segment.

· Flights already committed by aircraft not configurable by uplink:-

· There may already be aircraft committed to provide some or all of the data requirements for the particular time and flight phases offered by the uplink-capable aircraft. While these may not be changed by the optimisation system, they might be taken into consideration if the system is “aware” of their operations.

· An optimisation system can be made aware of these flights and their output data from their OOOI/Optimisation messages, or deduced from received observations, if these messages and data are provided to and processed by the optimisation system.  

· Uplink capable AMDAR aircraft already committed:-

· Many airlines charge a cost for uplink messages.  The comparative cost of uplink vs downlink/observation messages determines whether changing an aircraft configuration in flight provides any benefit. .

No data may be required from this flight because the AMDAR quota for the origin and destination airports, and the route are already filled by previous flights.

An optimisation system may wait to see if “better” aircraft becomes available (for example one with a humidity sensor).  While changing an aircraft’s configuration during flight is usually possible, the decision on, at least, whether an Ascent Profile is collected needs to be made before the aircraft takes off.  

Step 3: Generate and Send Uplink Command

Once the optimisation system has decided which flight phases (if any) to activate, the system should generate the necessary message(s) and send it (them) automatically.

An uplink message may still be required to turn off flight phases that are activated from previous flights or by default.

Uplink  Message Security

Airlines often have (understandable) security concerns about giving third parties direct access to their aircraft.  Instead, the optimisation system may send uplink commands to an airline server, where they undergo further checks before being sent to the aircraft.

Airline server checks may include:-

· Message formatting is correct – parameters are within allowed ranges and there has been no corruption during transmission.

· Message type/content is allowed – only certain types/formats of uplink messages are authorised to be sent by the optimisation system.  This stops a hacked optimisation system having unlimited access to the aircraft.

· Message volumes are within acceptable limits.  This stops a malfunctioning (or hacked) optimisation system overloading the aircraft uplink.

Optimisation System Formats

Flight Awareness Messages
Several formats are currently in use including:-

· OUT[
] message 

· G-ADOS[
] OPS or SLOT format

· AOSFRS[
] Optimization Message.  

Uplink Messages

Currently a number of different formats for this message are in use.  The key difference between the formats is whether the message is:-

· passed unchanged through the airline servers to aircraft [BOM ADOS, AOFSRS] 

· in a format that an airline’s server translates into the appropriate (airline specific) format [G-ADOS] 

AMDAR Optimisation System Functionality Requirements

	Component
	Functionality
	Section
	Importance

	System User Interface
	Allow modification of targets for data coverage
	
	Essential

	System User Interface
	Allow NMHS direct access via a graphical user interface.
	
	Recommended

	System User Interface
	Allow temporary adjustment of coverage targets for a set period, followed by reversion to a default.
	
	Optional

	System User Interface
	Allow maintenance of fleet metadata
	
	Essential

	Database
	Store target number of profiles for an airport (e.g. profiles per hour).
	1.2.3.2
	Essential

	Database
	Store target data coverage for  routes (i.e. airport pair), e.g. route legs per hour.
	1.2.3.2
	Recommended

	Optimiser
	Awareness of future flights with enough lead time to make decisions as to best aircraft configurations to meet targets
	1.2.3.3
	Essential

	Optimiser
	Algorithm to decide which phases of flight (if any) to enable
	1.2.3.3
	Essential

	Optimiser
	Optimisation incorporates preferential selection of aircraft based on measurement capabilities
	
	Recommended

	Optimiser
	Optimisation incorporates preferential selection of aircraft based on observations cost
	
	Optional

	Optimiser
	Optimisation incorporates preferential selection of aircraft based on measurement quality status
	
	Recommended

	Optimiser
	Optimisation incorporates preferential selection of aircraft based on estimated time of flight phase
	
	Optional

	Optimiser
	Reception and analysis of response and non-response to uplink commands
	
	Optional

	Optimiser
	Reception and analysis of AMDAR data to assess response and non-response to configuration and measure of 
	
	Optional

	Database
	Ability to store current aircraft configurations for reference when assessing future flights
	1.2.3.3
	Essential

	Communications
	Ability to send (re)configuration messages to aircraft (possibly via airline server)
	1.2.3.4
	Essential

	Database
	Store data quality status information for aircraft to assist configuration decisions
	1.2.3.2
	Recommended

	Database
	Store aircraft additional sensor (eg. Water Vapour, icing) to assist configuration decisions
	1.2.3.2
	Recommended

	Database
	Store airline/aircraft data cost to assist configuration decisions
	1.2.3.2
	Optional


A Appendix:AMDAR Optimisation Implementations

A.1 Australian Bureau of Meteorology

The Australian Bureau of Meteorology runs a fully automated AMDAR Optimisation System (ADOS).  The screenshot (Figure 4) shows the available options for each aircraft, including:-

· Sensor quality information for Temperature, Wind, DEVG (Turbulence) and Water Vapour

· Aircraft specific rules for

· Airport

· Latitude/Longitude Reporting boxes

· Reporting times.

This system uses the OOOI messages as its Flight Awareness message and generates an uplink command that is passed unchanged to the aircraft after checking by the airline’s servers.
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Figure 4: Australian Bureau of Meteorology ADOS system screen shot.

A.2 E-AMDAR

Currently, the E-AMDAR program has a range of optimisation options.  These include :-

· E-AMDAR Data Optimisation System (E-ADOS):

· Optimisation configurations for airports, aircraft and geographic regions

· Standard format Flight Awareness and Uplink Command messages are generated by the system, which each airline the translates/adapts to their own system.

· Airlines:

· Lufthansa

· Finnair

· Austrian Airlines

· KLM (B737NG Fleet)

· AFR Flight Selection System (FSS):

· Optimisation on profiles in a time period (eg 1 profile in 120 minutes) at an airport

· Aircraft:
· Air France A320 Fleet

· SAS Flight Selection System:

· Optimisation on city pairs (that is, can select ascent, cruise or descent profiles for a route eg. LGKF to ENGM

· Airlines:

· Scandinavian Airlines (SAS)

· Blue1 (BLF)

· Novair (NVR)

· British Airways Flight Selection System:

· Optimisation rules for each participating airport

· Aircraft:

· British Airways B737, B747, B767 fleets

· EZY ARINC OpCenter:

· Optimisation on airport/route pairs

· Airline:

· easyJet

Receipt of Optimisation Message
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� See � HYPERLINK "http://www.wmo.int/amdar" �http://www.wmo.int/amdar� for more information.


� The WMO AMDAR Observing System: Benefits to airlines and aviation. http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/documents/JN14991_amdar_foldout_080914_en.pdf


� See: http://www.wmo.int/pages/prog/www/OSY/GOS-RRR.html


� [OUT of the gate, OFF the ground, ON the ground, INTO the gate, collectively known as] OOOI messages are transmitted automatically by aircraft systems to the ground station. These are used by the airline industry to track the status of aircraft.


� G-ADOS General Task Description, v1.8 29th October 2014, Deutscher WetterDienst


� AMDAR Onboard Software Requirements Specification (AOSFRS).  Latest version is available  at the WMO AMDAR/Resources site: http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/resources/index_en.html#amdar_stds





