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The Bureau of Meteorology

The Bureau of Meteorology i1s Australia's national weather service. It provides
weather forecasts to the public and a variety of sectors, including government
and private industry.

The Bureau has a need for complex and evolving systems to manage alerting for
weather forecasting and monitoring. This system must evolve over time, be
distributed and open, assess many sources and frequencies of data, and deal
with complex inferencing.

One important customer for Bureau forecasts is the aviation industry. Here there
Is a need for timely forecasts around airports and along flight routes, as well as
alerts for any changesin conditions for these locations.

The system described in thistalk is intended to address some of these needs,
especially the need for alerts of various kinds.
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New Bureau building in March
2004, 700 Collins St, Docklands.
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BoM Locations
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Australian Meteorology Services
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Automatic weather station
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Agents-VIC 7 28/11/2003



Typical TAF

TAFYMML 1222187 0024

24006K T 9999 FEW025 BKNO30
FMO02 18015KT 9999 SCT040

FM17 25006KT 9999 BKNO025

T 15192016 Q 1028 1026 1025 1026

Terminal Aerodrome Forecast: Used to convey
forecasts to pilots in compressed format due to
historical low bandwidth to aircraft.
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Volcanic Ash message
from email list

Agents-VIC

FVAW?22 KGWC 260435
VOLCANIC ASH ERUPTION ALERT
VOLCANO: ULAWUN 0502-12
LOCATION: 5.04S 151.34E AREA: NEW BRITAIN
SUMMIT ELEVATION: 7658 FT (2334 M)
1. DETECTION SOURCE: NASA MODIS IMAGERY.
2. ERUPTION DETAILS: ASH/STEAM PLUME DETECTED
ON 26/0005Z TERRA MODISIMAGERY.

TRAJECTORY: ASH/STEAM TO FL120 SHOULD MOVE
TO THE SW AT 5-10 KNOTS.
3. REMARKS: MODIS IMAGERY SHOWS THE
ASH/STEAM PLUME ISMOVING SW AND THEN
MOVING S.

FOR METSAT ANALYSISAND PUFF MODEL
FORECAST BASED ON GFS DATA SEE:

HTTPS
IWEATHER. AFWA.AF.MIL/ENVIRONMENTAL(UNDERS
CORE)EVENTSHTML

(LOWER-CASE ONLY).
4. NO FURTHER INFORMATION ISAVAILABLE AT THIS
TIME.
5. THISBULLETIN WILL BE UPDATED EVERY SIX
HOURS FOR CONTINUOUS ERUPTIONS AND/OR
ERUPTIONS ABOVE FL300.
PREPARED BY LAING/KIENZLE
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Titan radar system provides current thunderstorm data to the alert network.
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Forecasting - now
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Consistency Alerts

Comparison between:

» Forecasts and observations (verification)
e Observations and guidance

e Guidance and forecasts

(guidance = numerical atmospheric model)
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Severe weather alerts

o Storm aertsfrom radar

e Microburst from radar

e Tornado from radar

e Hail from radar

e Lightning from radar and GPATS
e Frontsfrom satellite

....thisis not exhaustivel
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Forecasting - with agents
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Intelligent Alerts Goals

Reduce cognitive overload
 Minimise repetitive alerts
e Automatic recognition

o Weather element alerts, eg temp extremes

o Alertsfrom inconsistency between
Forecast / Guidance / Observations

o Severe weather event aderts, eg hall
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Prototype alerts system

The current prototype alerts on:

 Absolute wind speed thresholds

e Discrepancies between terminal areaforecasts (TAF)
and automatic weather station (AWS) pressure and
temperature observations

e Thunderstorm severity
 \/olcanic ash detections

The dlerts are sent to a GUI on the forecasters
desktop, and are available to other alert generators
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Current alerts network
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Alerts GUI on forecasters workstation
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System goals

* Networks of Agents

o Minimise alerts

» Flexible, robust interconnection
o Self-describing data
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Current alerts network
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JACK - Agent development toolkit

* An agent-oriented programming language that
extends Java with agent concepts.

 [|nfrastructure for running distributed agent systems
and for communication between agents.

e Support for teams of agents (not yet used in this
project).
e An integrated development environment

Incorporating drag-and- drop construction of agents
from capabilities and plans.

e A design tool for visualizing the structure of an
agent system.
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JACK - Concepts

« Capabilities: awrapper around plans, events, beliefs,
and sub-capabilities.
» Belief sets: similar to arelation in arelational database.

* Events: An event is central to the execution mechanism
of JACK. An event is posted when something happens
and triggers plans.

 Plans. what the agent uses to do things.

» Agents. An agent has capabilities and beliefs, it handles
certain events by using plans.
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Current alerts network
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Minimise repetitive alerts

To reduce adert 'pollution’, an alert reduces the rate of
future ssimilar alerts by using this floating threshold
algorithm:

Initialize: float = forecast + margin
upon new observation (obs):
If obs > float
generate alert
float = obs + margin
else if obs + margin < float
float = obs + margin
(unless less than initial float value)
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Current alerts network
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Flexible, robust interconnection

 Distributed, pipeline architecture
* Publish/Subscribe interconnection

 Leasing provides self-healing
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Self-describing data - T Tables

A generalized XML format for representing meteorological data

<IDOCTY PE tree-table-xml [

<IELEMENT tree-table-xml (ttable)>

<IELEMENT ttable (row*)> <!ATTLIST ttable name CDATA #MPLIED>
<IELEMENT row (col+)>

<IELEMENT col (#PCDATA | ttable)*>

<IATTLIST col name CDATA #IMPLIED type CDATA #MPLIED>
1>

Each column in the data table has a corresponding row in the metadata table
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Deployment Experience

e Evolvability : modular agent approach with flexible
data (TTables) allows quick and easy
Implementation of new nodes and services.

o Hexibility: use of publish-subscribe pattern allows
any agent to connect to any other.

« Sdlf-healing: leasing of service for 5 minute period,
then re-lease. Thus broken links are repaired.

o Connectivity: use of JACK DCI network allows
agents to communicate across the internet.
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However

e Subscriptions are simple (all-or-none)
e Subscriptions are hand wired (static)

We need dynamic, flexible subscriptions
e Searvicediscovery

e Service composition

 Complex selection expressions
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Flexible subscriptions - 1

« Data source and type — perhaps multiple
o Geographic locations

e Time expressions— periodicity

e Threshold and range expressions

Generally any attribute — data or metadata
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Flexible subscriptions - 2

Similar to database join and select, but

« Can have conflicts between multiple services

o Client requirements (and the service itsdlf)
can evolve over time
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Subscription evolution - initial
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Subscription evolution — more Info
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Flexible subscriptions - 3

Does functionality go In

e Subscriber
 Provider
 Both

e Or?

The subscription may itself be of use to others
(le. become a service in its own right)
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Investigations

o P2P systems—Jini, JXTA

 Web services— UDDI, WSDL

Ontologies— DAML, OWL

e EXpression processing - BDD, RETE, XSLT, XQL

SATINE - Semantic-based I nteroperability Infrastructure
for Integrating Web Service Platforms to Peer-to-Peer
Networks
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Conclusion

» Agent approach provides flexibility and efficiency.

* The system has evolved from simple pressure forecast vs.
observation discrepancy alerter, to one which alerts on
temperature, wind speed, volcanic ash and thunderstorms.

 Subscription/leasing links between agents provides
robustness.

 Weintend to increase the range of alertable phenomenato
facilitate its introduction on the forecasters workstation.

« We are now expanding the project to explore agent service
advertising and discovery within the Bureau.

Agents-VIC 39 28/11/2003



