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— ~ TSR ERR=E (Forecast Systems Laboratory : FSL) ERTHAN

1. Forecast Systems Laboratory AHfRZIRAE

A.E. “Sandy” MacDonald
Director
l
Administration
Office
Forecast Facility Demonstration System Aviation Mode:rnization International
Research | Division Division Development | Division Division Division
Division Division
Steven.E. | Peter A. Margot H. U.Herbert Michael Carl Bill
Koch Mandies | Ackley Grote J. Kraus | Bullock Bendel




2. FSL &HBFIMAE

FSL £ NOAA fif§ ERL(Envirenmental Research Laboratories)r
H—EARPHEERAERE - TE - ETBOEERM R AR - SES
FI% B RE ARSI S T R R BB TE - THI& R
aFEHI ¢ RORRRMRTRRSSREART FERY - DL # BURRHRTR
FIRERTES ERRHE - DL S BRI AR AR SUR T R b [
RIFA

2.1 TH¥EHASE (Forecast Research Division)

HE : RS/ IRER BRI
THEI=#
Wi AT A

- (Regional Analysis and Prediction Branch)

WrotatE
Mesoscale Analysis and Prediction System (MAPS)

Data Assin_lilation *

Numerical Prediction
Analysis and Model Verification
~ Data Sensitivity Studies
Well-Posed Model
Weather Research and Forecast (WRF) Model System $

/NERIES AT B ESAR

(Local Analysis and Prediction Branch)



WFEEHR
Local Analysis and Prediction System (LAPS) *
LAPS Observation Simulation System
Satellite Products
WFO Advanced Support
Three-Dimensional Variational Methods (3DVAR)*

RESERM
(Meteorological Applicatien Branch)

o=
Diagnostic Turbulence Forecasting
Quantitative Precipitation Forecasting
Global Air-ocean IN-situ System{GAINS Project)
Research Quality Datasets on CD-ROM and via the Web $
Websites for FSL Data  $

2.2 FrfigEt Facility Division)

S} Manage the computers ,communications and data networks, and

associated peripherals that FSL staff use to accomplish their
research and system-development mission. (522 Bf{8%—)

2.3 BBt (Demonstration Division)

H # : Evaluate promising new atmospheric observing technologies

developed by the Office of Atmospheric Research laboratories
and determine their vaiue in the operational domain.

RS
NOAA Profiler Network $ (GEZ:EHMEE—)
Radio Acoustic Sounding System(RASS) for



Temperature Profiling

Boundary Layer Profilers
GPS Water Vapor Demonstration Network  S(G2HIHT% )

Alaska Profiler Network
2.4 FMtHe R (Systern Developraent Division)

EE : Provide technical expertise in support of the laboratory's

development of real-time meteorological workstations.

FetE BN AL
(Advanced Display System Branch)

WoaEtE

FX-Advanced (allow forecasters to display and interpret
meteorological data) *
FX-Linux (porting FX-Advanced software to a linux platform) #
FX-3D (display multiple datasets in multiple windows to compare
different forecast models concurrently. ) #
FX-Connect (allow collaboration by multiple remote users in
creating a manual forecast project.) #

R RA R

(Data Acquisition and Dissemination Systems Branch)

WrseatE

Local Data Acquisition and Dissemination (LDAD) $
BB (Scientific Applications Group)

AWIPS MAPS Surface Assimilation System ( MSAS) $



Quality Control and Monitoring System $
2.5 ®iZept(Aviation Division)

H£H : Improved weather forecasting and visualization capabilities for use

by military and civilian forecasters , air traffic controllers and air-

traffic managers , airline dispatchers, and general aviation pilots.
TE=#
TR~ BREEEAREH

(Requirements, Applications, and Quality
Assessment Branch)

WMoRrE

Flight Planning Tools

Quality Assessment Tools

Product Generation and Grid Interaction Tools
U.S Air Ferce Weather Agency Project

BERMR RIEEH

(Aviation Systems Development and Deployment Branch)

TR
AWIPS/FX-Advanced and the Aviation Weather Center
Aviation Digital Data Service
Aviation Traffic Management System
U.S Air Force Weather Agency Project

SeERt A
(Advanced Computing Branch)

wseatE

Scalable Modeling System (SMS) ¥

7



2.6 H 4B Modemization Division)

E£X : Produce functional designs or working prototypes of techniques |,

workstations , and systenis that may be implemented into National

Weather Service.
=4 :

FME T 54 Risk Reduction Branch

Denver and Norman WSFO support and evaluation

Y T Ho{bil Enhanced Forecaster Tools Branch
( AWIPS Forecast Preparation System)(IFPS)

WseatE
Graphical Forecast Editor (GFE) ®
Smart Tools #
Graphical Forecast Viewer (GFV) #
Rapid Prototype Project (RPP) #

SeHEF R EAE Advanced development Branch

( AWIPS system evaluation and enhancement)

WFatE

Emergency Management Decision Support $
AWIPS Development Support

3 M BR (International Division)

EH 8 : Oversee internal development of systems intended primarily for

global or international application and to facilitate international
cooperative agreements and technology transfer programs.



W=
The Globe Program $

The Joint Forecast System Projeci at the Taiwan Central

Weather Bureau ¥

The FX-Net Project ™ (S8 RIH8E=)

The Mount Washington Observatory Project

The Korean Meteorological Administration Project
The Tailand Meteorology Dept. Project

= e EEE
FHEAOBRNIBEIEE EARME AR R BT - SRR
AGENDA

FSL-CWB 2000 October Project Review Meeting
Thursday, October 19, 2000

* 10:00 a.m.
BHE : Bill Bendel (International Division Chief )

WME  THRRESEAR

e 2:00 p.m.
BE : Wayne Fischer (International Division Deputy Director )

M - Al International Division TEZERYTMK project 52 FX-Net
Pas
SYERN

Friday, October 20, 2000
e 09:00 a.m.

BFE : Denny Walts, Carl Bullock ( Medernization Division Chief)
Herb Grote (System Development Division Chief )



RARH

e 02:00 p.m.
B

* 03:00 p.m.
aiE
= 7

+  04:00 p.m.
- Hig
R

: WFO-Advanced development

Status on FX-Advanced, FX-Linux and FX-Connect
Operational use of FX-Linux and FX-3D
FSL future rele in AWIPS program

: Rich Jesuroga, Patty Miller
2}E

LDAD deveiopment
MSAS status and future plan

! Mike Kraus ( Aviation Division Chief)
: AGFS Objective

! Margot Ackley ( Demonstration Division Chief)
: WOAA Profiler and FPS-Met Systems

Monday, October 23, 2000

° 09:00 a.m.

gig

A
e 10:00 am.
B
A

*» 11:00 a.m.

s
E-

« 2:00 p.m.

Jin-Luen and Ning Wang ( ¥X-Net team member)
Wavelet compressing method

: John McGinley (LAPS team manager)

LAPS development plan

! Leslie Hart (HPCS team leader)

Tom Henderson (HPCS team meniber)

: SMS task status and FSL/HPCS future direction/plan



BE : Renate Brummer (leader of FX-Net team)
3 : FX-NET development, current status and future plan

* 3:00 p.m.
BfE - Steven Koch ( Forecast Research Division chief)
Peter Mandics (Facility Division chief)
kA ° Discussion of computer usages, network environments,
security issues, and backup facilities.

Tuesday, October 24, 2000

* 09:00 a.m. (Formal Review Meeting)
SHE i - Bl - Bk

i - Bill Bendel (Internationai Division Chief)
Wayne Fischer (International Divisicn Deputy Director
Fathune Moeng ( International Division manager)
Herb Grote ( System Development Bivision Chief)
Carl Bullock ( Modernization Division Chief)
Renate Brummer(leader of FX-Net team)
Ning Wang ( FX-Net team member)

John McGiniey (LAPS team manager)
#iE ° Review current CWB project

* 02:00 p.m. (Formal Review Meeting)
BHEE 77 - il - B

375 - Bill Bendel (International Divisien Chief )
Wayne Fischer (International Division Deputy Director )
Fathune Moeng ( International Division manager)
Herb Grote ( System Development Division Chief )
Carl Bullock ( Modernization Division Chief)
Renate Brummer(leader of FX-Net team)
Ning Wang ( FX-Net team member)

John McGinley (LLAPS team manager)
KH : Discuss next year CWB project



Friday, October 25, 2000

* 10:00 a.m.
B Tom Schlatter (Chief Scientist, F SL)
ﬁ% WREF Plan

* 11:00 a.m.
' B1E Woody Roberts (Evaluation team manager)
R RRV, AWIPS evaluation

* 02:00 p.m. (Formal Review Meeting)
PE 5 - EEE - B
%} - A.E. MacDonald (Director, FSL)
Tom Schlatter (Chief Scientist, FSL)
Bill Bendel (International Division Chief)
Herb Grote (System Development Division Chief)
Carl Bullock (Modernization Division Chief)
Steven Koch (Forecast Research Division Chief)

Fathune Moeng (International Division manager)
& : CWB Next Phase Plan and future co-operations

12



2 - HETRNAEERGR

ARGRR T HEEFED A BHABETMEA - e T =R
A~ E - 2HEARSHE - BREEGREE  HNaR I ERRsEE
AR

1. FX-Advanced

CWB HFEfE porting B 4.3 fiiA& » B2 T Product Maker 2 Warn Gen B

AR » PREFIBTGH FSL MREEBIARN) - HASR B mANE - 54
HEERIER] 250 5.0 RIATRHEFAE CWB B2 - .

Herb B Carl 3RHBHEHN FX-advanced RXRKBELEFS
(1) BRRRA 5.x
a. A< 5.0 BRTIEAE TR
b.5.2.1 B8 5.2.2 I RIBENGREHEBRRE
C. A 5.x BB REER . AR plot file - satellite file» I grid file &
EYROBL - DIFTRY product file AYTBNEIARURZRES netcdf 3, » 6453
£ converter » T netcdf BB product file =,

(2) BIRRRA 5.1.1
a. SERGEERE IHGE—HERIA Bag
b. BURERE TR | NEASAENRIES
c. BB zoom ZREHROEEES high resslution zoom
d. B RERREE AP BRAIERERY scale

(3) BHRRRZ 5.1.2
a. IR ABRHARE.10 B delivery
At NEXRAD FEH pop BN ITIENS

Generate hourly sounding base on grid data from model

IFPS ZE4:(4] field T3 A model
P 4 il gy A
2E A= R SRR TR

Satellite sounding

e 0 T



h. Observation data ¥R grid field
i. Radar data R erid field

(4) FX-Linux porting
a. Porting F§%® software Z HP fl Linux &0 IFREST
b. BAREHRIREAFE graphic card » byte order » compiler
C++(GCC) — gnu c compiler
Fortran (g77) to — F90 compiler
¢. BURNTMOELSCHEBHH » Data acquisition software (f[f[] communication
handling , decoding , reformatting , FI text workstation )fJAFEHE



(5) RZK FX-Linux fESARR0ER

Every system can pick up data, has its own database go through local
access.

broadcast |data

-
Linux . FILE i Display
Workstation - Server ‘D WS

(6) FX-3D
a. Directory system AZHAT D2D —ig
b. Similar "look and feel" as D2D capability
¢. Allow D3D and D2D share the same database and the same accessors

(7) FX-Connect

a. Provides the basic capabilities to draw and edit lines, fronts, weather
symbols, and annotate information on the top of meteorclogical
displays.

b. The manual product can be saved locally and redisplayed or printed
upon request

¢. Allow collaboration by multiple remote users in creating a manual
forecast product, user can join er disconnect from the session at will.

d. A J ] AR RS RR L BRSO A s .

2. AFPS (AWIPS Forecast Preparation System)

KR TAERE < — » BUEM FSL 1 AFPS REEITA LB » /68
ZJm FIES RERHIERRN A » HETE SRSt

(1) Execute installation

(2) Execute make

(3) Run ifpInit



(4) Run ifpserver

(5) Run GFE

(6) Ingest NFS, LFS, MMS5, #3720 s,

(7) EE4E TQRED), RHEESARE), CIETRE ), QPF IS8

(8) Read and display topography of East Asia

(9) Read and dispiay coastline of East Asia

(10)Save data

(11)Minor change to GFE Ul

(12)Modify ifpInit to deamon process and receive notification from LDM

FR FIES FERTESA SR ARE %688 - 54 &% FIES 38
/MUFER R P B —ERZER] - SR FSL ZfTieIIFR TOM (AFPS
team member) » ¥ PAIBERY -

FIRE(1) - BT lock $HEIASSBEEN - METHRE LR
A A —E S BA R I EOR - Y EREE?

[5IF(1): lock = parameter + time period » FR{ETEHR R FIREIE R —(H 28]
A R B I i A TR -

HREQ2): HFABERRETSREBULAES » DURAT -

[EIE(2): HAGREEHE login user name HEERHGHEEERNEE—RHBA
FEHE - K FSL EHABEARE user name BAZERAE » FilL
A USRI AT S H R R A+ (ERIAIE B iR
IEMEAMER - MRESPOR AR —{8 user name B A » FELR
TETORHRESTR S - TR BiRAMEEEE  JEs
R -

IREG): Bi—RREIREE free hand tool « FAREET » THEEARE WK
=5 ?

& G): K FSL BB EZ T BRI » FiblSs » SkaRA R alRER
[\ - R RN TE » NE free hand tool.

[RE(4): BRTRGFIBERL image M » WIEHBIBH! contour plot ?



EH®(4): T —ERRAEH contour plot.

[FIRE(S): BaiARAEEE% AR formatter tools ?

B3 (5): pmg image format, text format, grib format, ascii grid
format, netcdf format
[RE(6): GFV FERROMBRRMAINE ?
[P ©6): A&
fURE(7): Python/C++/SWIG =Fa38 S (i FRES?
[E15#(7):  C++ (for performance issue)
Python (user interface, smart tools, procedure, rapid
prototype)
SWIG (Python call C++ class B C++ call Python HAMHEEES)
JRE(8): How to process model data if there are different time range for
parameters in model?
[E(8) : a. Redefine your parameter to 12-hour duration.
b. Initialize your parameter with 1/2 of the value from the
model for each 12-hour grid.
¢. When making products, recombine 2 i2-hour forecasts into
one 24-hour forecast by adding grid together.
FURE(9): Which programs should be modified if the content of ParmID is
changed?
B3 (9): No program should be changed
[RE(10): 1§ DFE RI D2D REUHAER—ES4888 F${7.D2D rgEaasiy
& |
[E13E(10): ERE—F bug » P —ERARBIE - EREERERERL

e — AR

FIES REBHEEAET - ARIT/E/MIE S RE email FRTHEMAHEET
ERYFTRE - e SRR RS — R R e P st B g
WAFIAERH R TEETRE RS » [ FSL PUCEERESIMR IFPS



RERHEALZ— Tom FHE—EER - —FENEHRA BT GFE RGN
BRI - —JTTRIRIBY FIES /MAS-HAREEseatat EAgRE » o FSL
AR - fEfEERAZHE - B FIES REEARGEHIUER - g sn) -

3. FX-NET (Internet-Based FX Workstation)

FX-NET &—{@ internet-based &% PC workstation » B]}§ FX-advanced
RBRIEES, » FEH internet {H= client By workstation » ZF client BRELHE—
{E5d FX-advanced workstation fH{UH user interface » FIRifE - B85 - &
AFAAM - HFY FX-NET 7e5ERHER FFE RS - Rt FX-advanced
HERS - RSHRIEREINSE - case H5E - SEBHTASEIE - FX-NET &
H[RE R FX-advanced i RERIORE » HBEE client (RIS HE resolution
Bz » A Intel-based PC ¥EFSAHE » MG AR -

A JHRTRISEIRALE 8 8] FX-NET client BffVERE - HRTE—hIR{ 2
52 server SmftiH5E - TRMS4E+— ABEM R4 - W& FX-NET 7 CWB
HEHK -

BRI FX-NET client B322BR4TF:
(1) FX-NET client basic requirement
400MHz PC with 256 MB RAM
Windows NT/98,Linux
Bandwidth >= 56kbs
(2)Imitates the AWIPS User Interface
(3)ThREfEHE Load , Animation, Overlay / Toggle ,Zoom ,Swap

Compression Techniques for Product Representation

(1) Satellite - use Wavelet Transform

(2) Model Graphics and observations - DGM format ( Dare graphics
metarfile )

(3) Radar - GIF ( lossless )

138



4, LAPS (Local Analysis and Prediction System)

RRFFIRBE—EY B FSL —FER#ES LAPS R4 - EIREAE LAPS
team [l FAEARRENL T LAPS ¥t » M6BEMA HAREE » 45 1A#12 25T
YEIRE A A

(1) Configure LAPS Grid

(2) Adapt LAPS for datasets

a.

]

P apn T

SYNOP
METAR
buoy
SHIP

mesonet
RAOB

(3) Adapt LAPS for model background

a.
b.

CWB regional model
FA mesomodel

2 HATR BT T EBSSEsE:

(1) LAPS sxE38H% CWB

(2) @A AMDP £#H1% SYNOP, METAR, buoy and SHIP &%}
(3) Mesonet data drivers written

(4) DHEAE RN, ingest

(5) &JF regional model as background

(6) FA model ingest B5/T525%

(7) BB RIS ER R 2 T,

TAERE IA#13 LAPS T{EIE Efufs:
(1) SEhNEIR T R BRI T
(2) FERETI

(3) EBEEH ingest

(4) WEFH ingest

(5) Z&JZ WIAP

HIN TR LAPS team SIS IEEE QHE:



(1) FSL would like to work with CWB on high-resolution, local model
applications

(2) FSL wants to expleit the water-in-all-phases product to be developed
at CWB, to begin work on diabatic initialization procedures.

(3) FSL is developing a comprehensive analysis and modeling system with
inexpensive LINUX PCs and would like to test this concept within the
CWB.

(4) FSL will be an early use of WRF and can port this important
deveiopment to CWB when the model is ready.

FEERGHBRTH LAPS team HEHITHIESR:

(DERT LAPS EZRH datasets 5} - K/FPE R BRI N RIS RO IR S
{RIER data sets » FSRAHHABN: FIIE RRAERORIETT T o

(2) HRUERIRYL » B REER/INREDA SR PREB ] LAPS B, » 2R -
A8 FRARFGERG R ERELRLT - BERIERRRAT » B
AR -

5. HPC ( High Perfcrmance Computing }

(1)

()

SMS plans

- Support for arrays with more than 3 dimensions

- Transfer interpolation ( Second generation nesting support for TFS
and other model )

- Fortran 90/95 support

- Dynamic load balancing

- Automatically generated directives

- Further I/O optimization

- Support for NetCDF

- New features as needed

Potential Cooperation with CWB

- Next Precurement

- Cluster development support

- Work to support CWB in coliaboration with national high performance
computing center

20



6. CWB-FSL &{EstE&FME
(1) IA#12 TENREFITR R

TERE
a. SMS
BT RS AR R
-SMS BRI S iR
b. FX-NET
~VESEREA B R A A
-AWIPS server(HP platform), web server and client
c. LAPS
~{ER % S EETT. LAPS basic system
-FR AL AR BB IR
d. R/ THEFERER
-LVETE H R AR E R
e. BREHTSIFRMAIBE R
-WFO-Advanced support
2000 &£ 7 BB mEEEEE version 4.3
2000 ££ 8 H release version 5.0
2000 £ 8 H 7 H-11 H,FSL Mr. Woody 1 Ms. Patric B{FEIR O AR
HETT WINS I {5 FHE B
-Deliver AFPS latest software

OIA#13 THEEE/FRTE

A. Data Analysis (LAPS)
a. Ingest of satellite data into cloud and surface analysis
b. NEXRAD radar ingest
c¢. Complete level III scheme

B. Support on earlier project
a. FX-NET participation
b. WFO-Advanced software release and support(FX, FX-Linux)
¢. FIES support(one week workshop)

21



7. TR RS TEAASRE
(1) FHEIESIEER

a. Improve accuracy of short-term , small-scale severe storm warning or
"nowcasting' capabilities.

b. Best utilize the CWB information systems, computing and
communication
Infrastructure

¢. Improve CWB dissemination service and its weather information
network to support disaster management communities.

) &1FEE
a. Support CWB very short-range forecast
Implement an integrated VSRAF system utilizing appropriate
technologies
-LAPS
-RRYV (Regional Radar Volume)
-SCAN (System for Convection Analysis and Nowcasting)
. WDSS (Warning Decision Support System)
. AMBER (Area Mean Basin Estimated Rainfall)
b. Support information systems, computing and communication
Infrastructure Information system
- D3D
- IFPS
- FX-Linux
- FX-Net
- FX-Connect
-  LDAD quality control
- High performance computing and communication

) &fEARK
FHFRTER CWB BRT 52 FSL S AR/ RS FSL 52 NSSL A1E.

22



8. FSL #EH SRS IR

(1) FSL R 2000 42 9 A #fT technical review

(2) FSL R 2000 48 10 A52® 1A#12 BT {EE H SEiRE S

() HRBUFEEHERRTSORHIA 12 BB THIRE 12 fH A ERE 18 HAH
FSL {UHEE SRR,

(4) TA#13 under a new umbrella agreement

(5) 1A#13 Hfr 6 A

(6) FSL 7F TR HEEET R (AR BRI NSSL)

(7) THIEHEE CWB 52 FSL B9, 7% FSL 5 NSSL &1E.

23
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IRRSIRSCE BN ST R TR - DUEET b R Sl s
e BN EMSENERBERL -
SHEERTREETREARS  UEARBCHEATRAR » K
AN RERAGHINE - THEARR LR e 2R AR -
DIBRSHEBRER - TIESCREER -
R TIEZ /K - IR IRFIBEA L B2, - AR SR R k-
RGeS - HASWIER ~ BRI REST S 7 RS B TE 30 P 2 KT R
TR~
DL LFERS - BIERRREIRIEC TR AREESE » RERIREEE
BAZ ANB > BRTHERE TR - ERERREE AR EE X
HYLAESHE - R T HIESFRRER N SIERR SRR - & -
LAERCE. ... FRTTH - AR Lo e BES - WHaRs
HZ AR '
2. RETRIREERS A B - (A28 —HER SRS - SrEAEDNE
FIRE N R 2 BB R B iR o TE ] R R ] - A TR 2
BF > DR A R e — E A -
TGEN BARE TR - BUiHRs ( RS R 2 B FOR RS IS TR TR
BTN A REMED) - 2% - KETEER - BRsSEAG
EH%E -
sTEBTIAERM - BRE—FREANCN  SRERERE®RIEA
JE TSR EE TR - B E A BT R A o IR o RS T
e PR RS HER T - N ARE BSR4
AR IR S EER TS -
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October 23, 2000

Current FSL Facility Division Projects/Activities
Peter A. Mandics

Central Facility

» FSL High-Performance Computing System (HPCS) integration
into Central Facility (http://www-fd.fsl.noaa.gov/hpcs/)

» Networked Information Management client-Based User Service
(NIMBUS) object-oriented upgrade

* Metadata Database (http://dorcas.fsl.noaa.gov:8080/)
* FSL Data Repository (FDR)
* Data acquisition/distribution
- Replacement of leased lines with Internet (TCP/IP)
- Unidata's Local Data Manager {LDM], NCEP's Distributed
Brokered NETworking [DBNET])
~ Back up NCEP with RUC-2

Network

* FSL Asynchronous Transfer Mode (ATM)/Ethernet network
upgrade

»-Computer/network security - Dial in, VPN, SSH, firewall, etc.



FSL High-Performance Computer System (HPCS)
Contract signed: September 10, 1999
Vendor: High Performance Technologies, Inc. (HPTi)
Reston, Virginia

Compute Platform ($15M configuration)

Operating System: Linux - Red Hat 6.x for Alpha
Interconnect: 300 MB/s Myricom Myrinet

Initial Interim Final
Nov. 99 Nov 2000  Sept 2002

# Processors 256 512 1024
Type - Compaq Alpha  EV67 EV67 EV78
System Memory (GB) 128 256 640

Sustained Performance using SMS (GFLOPS/percent of peak)
GFS 20/6 35/6 200/5
QNH , 50/14

QNHCONUS 50/14 80/15 400/10



FSL High-Performance Computer System (HPCS)

Mass Store System

Advanced Digital Information Corp. (ADIC) AML/J Robotic
Library

Storage Management Software: ADIC's FileServ
AIT-2 cartridges - 50 GB native capacity
Sony AIT-2 drives - 6 MB/s transfer rate

Initial Upgrade Final
Storage (1.33 comp) 100 TB 250 TB 250 TB
Storage Area Network

Data Direct Networks hardware

MountainGate Imaging Systems Corp. CentraVision File
System (CVFS) software
Storage: 500 GB initial, 2 TB final

Direct connections to Compute Platform, MSS and 9 existing
FSL platforms



Simulated hours per hour
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NOAA Profiler and GPS-Met Systems

A Briefing for

Central Weather Bureau, Taiwan

October 20, 2000

Margot H. Ackley
Douglas W. van de Kamp
Seth |. Gutman

Demonstration Division
Forecast Systems Laboratory
Department of Commerce
Boulder, Colorado, USA
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Forecast Systems Laboratory
Demonstration Division

( h
WIND PROFILER
DEMONSTRATION PROGRAM

Wind Profiler Demonstration Network

MISSION STATEMENT

To Develop, Deploy, and Operafe
a Network of 30 Wind Profilers

in the Central United States

In Cooperation with NWS and Other
Agencies, and Conduct an Assessment

of that Network

\_

MISSION.WPG
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NOAA Profiler Network (NPN) Site Sketch

&
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Providing Internet Access
to AWIPS Products

Sean Madine and Ning Wang
NOAA Forecast Systems Laboratory
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m
7X-Net to Provide Internet Access to WFO-Advanced Work-
;tation Products - By Sean Madine and Ning Wang

ntroduction

'SL is developing FX-Net, an Internet-based meteoro-
ogical PC workstation, that can create sophisticated
iroducts using the WFO-Advanced system and transmit
hem over the Internet to a client workstation. The client
pplication provides an AWIPS-like user interface with
he processing tools needed to interact with products such
s satellite, radar, and model imagery.

“X-Net is intended for users who have only modest
:ommunications and computing capability. Tt will serve as
ninexpensive, simplified forecast workstation system for
1se in a variety of forecast, training/educational, and
-asearch environments. The less complex system can
simulate many WFO-Advanced workstation features, but
#ith some drawbacks, such as reduced resolution.

I'wo critical challenges that faced the FX-Net developers
were to be able to effectively fulfill client requests as
juickly as possible. and to accurately represent each
meteorological product. Of course the size of the product
is an important consideration when preparing it for trans-
mittal over the Internet.

The products associated with this project, particularly
weather data, can be categorized into four groups: model
imagery, satellite imagery, model graphics, and radar
imagery. Of these, satellite imagery is the most difficult
to handle because of its large size; for example, an
average raw image requires about 700 Kilobytes of space.
Model imagery is problematic because of its size as well,
and the fact that there are so many products available
‘rom so many different models. After investigating all
zvailable options, we decided to use a relatively new
mathematical tool, the wavelet transform, to compress
poth model and satellite products. Forthe purposes of FX-~
Net, we determined that a small loss of fidelity would be
tolerable in exchange fora high compression ratio. Model
graphics are represented in a standard vector graphics
format, whereas radar imagery is encoded in a standard
lossless image compression format. The actual process-
ing time involved in transmitting a given productrepresen-
tation naturally adds to the total time that it takes to fulfill
a client request.
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Here we discuss the selection and development of a
compression technique that best meets the needs of the
products transmitted by FX-Net. and the processing strat-
egies implemented for the serverand the client in order to
optimize delivery time.

Compression Techniques for Product Representa-
tion

Model and Satellite Imagery— These images are grouped
together because their size demands many common
requirements related to compression. The model image
contains much less information than a satellite image. In
comparison, the compression ratio for the model images
is very high (about 80:1). After decompression, both
model and satellite images continue to show meteorologi-
cal detail even with a small loss of fidelity (see figures on
page 14). The processing time associated with decom-
pression must not offset the time that is saved during
transmission. Further, for processing reasons (discussed
more later), the decompression of a particular image
frame must be independent of adjacent image frames.
The need for high compression ratios along with the
tolerance for some loss of fidelity eliminated the use of any
of the lossless schemes.

In the context of the above requirements, we investigated

the following four compression schemes:
« JPEG: Tests of the JPEG [Joint Photographic Experts
Group] format achieved good compression, but the
fidelity of the decoded image was far from satisfactory.
JPEG-compressed images usually exhibit some blocky
effects at a compression ratio as low as 10:1.
« MPEG: Tests of the MPEG [Moving Pictures Experts
Group] format achieved a high compression ratio (about
35:1) by exploiting the time continuity of the series of
frames. MPEG hardware is also readily available for
use by the client workstations. There are, however, two
major problems with the use of this format: because it
takes advantage of time continuity, a decoder must wait
for all frames to arrive before initiating the decompres-
sion processing; and the fidelity quality of the resultant
image loop is unsatisfactory. As in JPEG, the blocky
effect that is introduced degrades the image far too
much for use in a meteorological forecasting system.
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» Fractal Coding Method: We also tested the frac-
tal (or attractor) coding method, which is a variant of
the image vector quantization compression method.
Advantages of this approach include a high compres-
sion ratio and fast decompression time. However,
the quality of the decompressed image is very low in
the context of meteorological use. Since this method
does not rely on basis functions (e.g.. the sine and
cosine functions in a Fourier transform) as a means
of representation, it is difficult to achieve a desired
fidelity even at the cost of a lower compression ratio.
» Waveler Transform: Introduced in the early 1990s,
the wavelet transform has remained a cutting edge
technology in image compression research. Like the
Fourier transform, it relies on a particular set of basis
functions, but with a significant difference. The set
of basis functions that the wavelet rransform uses is
localized in both space and frequency, whereas the
Fourier transform only contains frequency informa-
tion.

Because the wavelet transform contains some spa-
tial information in addition to the frequency informa-
tion, it can achieve excellent compression of meteo-
rological images. Besides this, the wavelet trans-
form also fulfills the other representation require-
ments. The loss of fidelity is acceptable (see the
figures), the decompression processing is reason-
able, and the image frames are individually com-
pressed. By exploiting the time continuity of the
series of frames, the three-dimensional wavelet com-
pression might yield a higher compression ratio, but
it also introduces some interframe dependencies.
(This is being investigated.) Batch generation of the
compressed products and real-time decompression
of images by the client are discussed later.

The three types of satellite imagery that are available
through FX-Net are infrared, visible, and water
vapor. Each of these has different characteristics in

terms of the wavelettransform . . :ling withthese
variables, we took advantage * "¢ wavelet trans-
form feature that enables us t. > the compres-
sion with a judicious choice ¢ _» unctions. For

example, an infrared satellit- - .e transformed

with one choice of wavelet basis has higher fidelity

than that of an image transformed with another
choice of wavelet basis. The compression scheme
that is used follows the standard transform-quantiza-
tion-entropy coding procedure, which can be used in
other types cf schemes.

The images on the next page illustrate the lossy nature of
the wavelet transform compression scheme. An original
satellite image of water vapor is shown in Figure la, with
Figure 1bshowing a magnified view of acloudy moistarea
(lower right). Figure 2a shows a 20:1 compressed repre-
sentation of the full image (1a), with the same magnified
view in Figure 2b. Very little informationislostat20:1,and
it is still very useful to the meteorological forecaster or
researcher. Figure 3a shows a 50:1 compressed repre-
sentation of the original full image, with the same magni-
fied view in 3b. The degradation is more objectionable at
50:1, and the image may no longer be useful.

Model Graphics — Model graphics are represented in
a vector graphics format called Dare Graphics Metafile
(DGM). An important aspect of this format is that it
offers a compact representation of the model graphics;
e.g., a typical CONUS 500-mb Height Contour DGM
file is on the order of 15 kilobytes in size. The FX-Net
system also uses the DGM to encode progressive
disclosure information about the graphics, which en-
hances the client’s ability to perform efficient zoom
display operations.

Radar Imagery — Radar imagery must be represented
differently than the satellite and model imagery be-
cause there is no tolerance for loss in the radar signal.
For instance, the use of wavelet compression could
introduce an artificial feature or even mask a danger-
ous storm feature that does in fact exist. Since radar
imagery also contains much less information (in terms
of signal) than satellite imagery, and there is no toler-
ance for loss, FX-Net compresses radar imagery in a
lossless manner. This was accomplished using a
standard format, Graphical Interchange Format (GIF);
tests verified that it works well for radar images. The
compression ratio varies significantly depending on the
amount of information in the radar image. The size of
even the largest resultant radar files is manageable
using the FX-Net scheme.




Figure la. Anoriginal, raw satellite image showing water — Figure 1b. A magnified view of a moist cloudy area (/a,
vapor. lower center) showing a good deal of fine-scale structure.

Figure 2a. A 20:] compressed representation of the  Figure 2b. A magnified view of Figure 2a showing a sligh:
original image (Figure Ia). bur acceprable degradarion.

At ERNE

Figure 3a. A 50:1 compressed representation of the  Figure 3b. A magnified view of Figure 3a showing that
original image (Figure ]a). the image has now become more objectionable.
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Processing Strategies

Server — It is important to address the processing
associated with the various formats that have been
chosen for the FX-Net products. The vector graphics
format is inexpensive for both encoding on the server
and decoding (displaying) on the client computer/
workstation. Similarly, GIF encoding and decoding do
not contribute significantly to the total time associated
with product delivery. The wavelet transform, how-
ever, is compute-intensive, particularly on the server
side.

Besides the actual wavelet transform, the compression
routine on the server involves a dynamic search for the
optimal set of basis function coefficients that are used
to represent the image. This dynamic search greatly
enhances the ability to compress the image at the cost
of increased processing time, especially for satellite
imagery where the compression ratio is critical. The
cost in time can be on the order of 20 seconds per
image frame. Forthe setof available satellite imagery,
frames are compressed immediately upon arrival from
the data ingest system. Thus, any requests for satellite
imagery by a client can be fulfilled without performing
the compression processing.

The production of model imagery is quite different. Be-
cause there is a huge matrix of possible products, model
image products cannot be generated before an actual
request. However, the high compressibility of the model
images allows the compression routine to bypass the
dynamic search for coefficients. Then a best guess set of
coefficients is used, and the processing time is reasonable
for the necessary on-demand compression.

Clienr — The decompression of the wavelet-compressed
files on the client is also computationally expensive. The
processing takes about two to three seconds per image
frame when run on a 400-MHz PC. The client takes
advantage of the multithreading feature offered by the
Java programming language.

By executing decompression and communication threads
concurrently, the capabilities of the client hardware are
optimally utilized. Each individual image frame is dis-

played for the user as the decompression completes, thus
minimizing the perceived wait for the product arrival.

Concluding Remarks and Future Work

Now that Internet communications have become faster.
and available client hardware provides better process-
ing capability, the concept of a network meteorological
workstation is more viable. Many factors go into the
design of such a workstation. Effective delivery of the
products from the server to the client is an integral
consideration in the FX-Net project. This includes not
only accurate representation of the various products.
but efficient processing associated with those repre-
sentations.

The next major goal for the FX-Net project is the
installation of an operational real-time system that will
support an undergraduate meteorology curriculum at
Plymouth State College in New Hampshire. As devel-
opmeni continues, future enhancements could include
access to case study data and support of multiple local
radar datasets.

With the advent of wireless Internet connectivity and
powerful laptop computers, FX-Net can be accessed
even in remote areas. One example is that forecasters
could be called upon to provide an on-site weather
analysis in an area where a blazing fire is out of control.
FX-Net would enable the forecasters near the site to
access AWIPS producis available hundreds of miles
away at a National Weather Service forecast office.

Note: Special thanks to Steve Albers, a researcher in
the Forecast Research Division, for offering his exper-
tise regarding the satellite images.

(Sean Madine and Ning Wang are computer pro-
grammers in the International Division, headed by
Dr. Wayne Fischer. They can be reached at http:/
/www-id.fsl.noaa.gov.)




