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APPROACH TO .
SPECIFICATION COF
INITIAL SYSTEM DESIGN
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IT. FRAMEWORK FOR A SYSTEM DEFINITION

A. STAGES IN SYSTEM DEVELOPMENT

B, STRUCTURE OF A SYSTEM DEFINITION

C. GENERAL DEFINITION OF SYSTEM ELEMENTS

D. ROLE OF FEEDBACK INTERACTIONS BETWEEN ELEMENTS
E. ROLE OF MAN INTERACTIONS



A. STAGES IN SYSTEM DEVELOPMENT
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’
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DEFINITION

v
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A
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B; STRUCTURE OF A SYSTEM DEFINIfION

COMPONENTS OF A DEFINITION:

INPUTS, OUTPUTS, PROCESSES, AND INTERACTIONS

LEVEL 1
(SYSTEM FUNCTION)

LEVEL 2

(FUNCTIONAL
ELEMENTS AND
INTERACTIONS)

LEVEL 3

(BASIC PROCEDURES
FOR EACH ELEMENT)

LEVEL 4

(DETAILED PROCEDURES
FOR FACH BASIC
ELEMENT)

INPUTS OUTPUTS
Il S Mmamanrad 01
I, ———3{ PROCESS —s- 0,
1 —— > 0
.0
I =1
1; N 5 \] A4 Py | 0y
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n > P #1 P, 0
n
1
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. \:l \11 /Pl’s 3’01’1
L 10,2 By '
Py,
b}
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,1 1,2, - ,2,3*l
/ v
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2. -C., GENERAL DEFINITION OF SYSTEM ELEMENTS, (1)

> RAW DATA

TEERSL RECEIVE RAW DATA, PREPROCESS

S COLLECTION TO OBTAIN PYYSICAL OBSERVABLES,
| AND FILE
, OBSERVABLES

- A\
PROCESS OBSERVABLES TO DERIVE
ANALYSIS - | | METEOROLOGICAL PARAMETERS

METEOROLOGI CAL

’ __PARAMETERS

- PRODUCE CONPLETE AND CONSISTENT
~DIMENSIONAL DATA SET OF
SYNTHESIS ATMOSPHERIC STATE PARAMETERS

COMPLETE SET OF
v ATMOSPHERIC STATE
PARAMETERS

PREDICT FUTURE STATE OF -

- MODELLING ATMOSPHERE OR DETERMINE AUXILIAR
, DESCRIPTORS; USE NUMERICAL

DYNAMIC MODELS WHERE POSSIBLE

PREDICTED STATE
-1 OR PARAMETERS

Y



GENERAL DEFINITION OF SYSTEM ELEMENTS (2)

4
| CONTROL
COLLECTION [€ == == == ===

|
|
i {
_ AU CR— QQNIRQEW l
ANALYSIS (|
: DATA
S
) | EVALUATION
SYNTHESIS L
PRI I B d
coNTROL [
l
v |
|
1
MODELLING  j._ _ _ _f__ _ __ _ | '
CONTROL

EVALUATION - COMPARISON OF ANY OUTPUT WITH A REFERENCE
STANDARD, TESTING THE EFFECT OF A PROCESS
ON THE COMPARISOM, AND CONTROLLING DATA
AND/OR PROCESS TO OPTIMIZE PERFORMANCE



D,

ROLE OF FEEDBACK INTERACTIONS IN SYSTEM
EvoLuTIOoN (1)

© EVALUATION MUST OCCUR AT EACH STAGE IN SYSTEM
- DEVELOPMENT

© OUTPUT OF EACH ELEMENT WILL BE COMPARED AGAINST
REFERENCE STANDARDS AT EACH STAGE

®PROCESSES AND/OR DATA INPUTS WILL BE MODIFIED
TO DETERMINE EFFECTS ON COMPARISON

@ BASED ON RESULTS OF PROCESS MODIFICATION TESTS,
PROBLEM AREAS WILL BE IDENTIFIED AND MODIFIED
PROCESSES WILL BE RATED

@ WHERE POSSIBLE TESTED IMPROVEMENTS WILL BE
IMPLEMENTED



ROLE OF FEEDBACK (2) -

EXAMPLE OF FEEDBACK LEARNING:

PROCESSED DATA

REFERENCE
DATA
~ PROCESS COMPARISON
|
s coMPARTSON
GooD?
INPUT \.________.___./h
DATA PROCESS
MODIFIER YES
SYMBOL v
BEST
PROCESS
. PROCESS
CODE: ACTIVITY

(:' :) DECISION
13:3:i:> DATA FLOW

— > TEST FLOW




ROLE OF FEEDBACK (3)

R gy,

TESTING AND ADJUSTMENT OF DATA COLLECTION SYSTEM

EXPECTED DATA
CHARACTERISTIC

e | [ | [ consTsTENGY
NET PARAMETERS | l

=N NOISE | ,
) VOLUME
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|

|

l

|

|

[

; |
i

I

|

CORRECT N
PREPROCESSTNG? ;
| |

|

[

|

|

|

|

|

| YES -

RECEIVER

WORKING?
. CE

RECEIVING i

~ COLLECTION

PRE-PROC

-

‘—.-—-— ey pr— p— —  — —— — o—

1pr 1f} i i iﬁi FUNCTIONING
VAS VISSR NMC TIROS-N ' DATA COLLECTIGN
: SYSTEM

RAW DATA SOURCES




ROLE OF FEEDBACK ()

TESTING AND OPTIMIZATION OF
DATA ANALYSIS SYSTEM

DIRECT MET PARAMETERS

DERIVED MET PARANETERS <;¥
i - l
. |
ANALYSIS | COMPARTSON [
WINDS FROM | [
CLOUD MOTION, L 4 |
. | ANALYSIS? }
DIRECT : | '
MET ! 5 } v AR !
OBSERVABLES : |
PARAMETERS (e.g. radiances) | ADEQUATE |
| | DATA? ‘l
. |
COLLECTION | YES !
l ——
RAW DATA SOURCES o 4
IMPROVED
DATA

- ‘ : ANALYSIS
: o PROCEDURE




ROLE OF cEEDBACK (5)

TESTING AND ADJUSTMENT OF SYNTHESIS PROCESS
- DERIVED AND DIRECT-MET. PARAMETERS

‘r SYNTHESIZED PARAMETER SET

|
l
|
1
l
-
!
l
l
I
l
l
[
l
(
e

FORCING

CONSISTENCY

EXTRAPOLATION
(TIME)

INTERPOLATION !

SYNTHESIS

?ni —————— =

- ANALYSIS

]

COLLECTION

it

- e ead ceww e

APPLICATION

OF CONSERVATION
- LAWS AND
CONTINUITY
CONDITIONS

VAR

COMPARISON

IS DATA SET
CONSISTENT?

DOES EXTR.
AGREE WITH

’ YES
NO IS INTERP.
GOOD?
| YES
NO

IS REST OF
SYSTEM GOOD?

v .
FUNCTIONING
PRELIMINARY
SYNTHESIS .
SYSTEM

"I Ry v mmee  po— —




"ROLE OF FEEDBACK (B) |

USE OF SYSTEM IN MODEL EVALUATION (STAGE 1)
AND IN SYSTEM OPTIMIZATION (STAGE 1I1)

MESOSCALE
DATA
SETS

STATE

| mopEL #3

| MopEL #2

[
l".
INITIAL |
|
|
l
|
|

MODEL #1

STATE

i
l
SYNTHESIS I
|
|

ANALYSIS

—

COLLECTION

RAW DATA SOURCES

IYES
/

T N
MODEL O
ACCURATE? /

YES

DEFINITION

OF OPTIMUM

MESOSCALE
SYSTEM

N

— e
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III.

DATA COLLECTION

l.

What sources will be used to observe

mesoscale phenomena? How will they

be useful?

A concept for the selection of the .
VAS operating mode. )

The status of the definition of Data

Collection from the different sources.



Describing the Mesoscale with VAS and Ancillary Data

. ® To "see" all aspects of mesoscale phenomena, acquire as
complete a four dimensional data set as possible.

@ Sources of meteorological observations include

a. VAS

b. VISSR .

C. polar orbiting satellites

d. conventional weather data
(NMC, AFOS, or Kansas City)

e. digital radar

6 Different sources satisfy meteorological knowledge
requirements necessary to monitor and predict mesoscale
phenomena.
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Mesoscale Phenomena

Space and Time Resolution -

=

Atmospheric Condition .. Resolution De{?red ;
| Space Tiﬁé »§ :
Stable | 200-400 Km 1-2 Hr -
Active .. 20-50 Km 1-2.Hr
Severe . 20-50 Km 5-15 Min

note: Synoptic scale phenomena are adequately parametellzed

~

by observations separated by 300~ 400 Km dt 4 6 hour

intervals.

Ny

B .



VAS will fill
observation time and spaée
gaps
Lo <

O



Timeliness of Ancillary Data

Time(hrs) 0 ] ‘ 6 t ] 12 1 t 18 f 1 24
conventional Lk x x X X X X X X X X X X X X XXX X XX XXX
Surface

Upper Air X e X

Radaf | % X
'VISSR RIARRIIIXHN S AKX H KK HIHAAK KKK H AKX KA
'fIRos-N X p 4 X %

DMSP : X X X X

* Capability to incorporate Special Observations

© Information here is derived from NMC Model (departures
from balance then indicate possible areas of interest)
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Ancillary Data will

® Provide description of the boundary layer

® Provide ground truth information

© Provide soundings where there are clouds

A
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Concept for Selection of VAS Operating Mode

IR
’

fo—

- NMC Latest ' : Images
Prediction . Mesoscale . from
of Analysis- VAS,

Trouble Spots Synthesis VISSR,..

New VAS data

D
{
|
|

i

M
2l
|
|
|
|
|
|
-1

T

Program VASV
Spacecraft

DATTA




Status of Data Collection Definition

Conventional

VISSR TIROS-N VAS
Weather®
Reception defined defined not defined” defined
Decoding defined defined not defined partially
Signal defined
Reformatting defined defined not defined partially
and Averaging defined
. Calibration N/A defined being defined partially
at NOAA defined
Navigation N/A defined being defined partially
’ at NOAA defined
Archiving not not . | not defined not defined
defined defined

X plan to implement NMC phone line in 77

Y three alternatives are under consideration



.Data Collection Capability Available on McIDAS Now

Z
4 4
Y/ 4 :
4 4
4 4
4 4
4 / 4

SEUS e

"z Kansas City phone line available



" Acquisition Mode

TIROS-N DATA Acquisition Options

Information Received#

Remarks

VHF Antenna

Basic Sounding Unit,
Stratospheric Sounding
Unit, Microwave Sounding
Unit (this data is
located in the TIP-TIROS
Information Processor)

real time coverage

S-band Antenna

TIP and Advanced Very
High Resolution
Radiometer (AVHRR)

coverage at 1 Km resolution
received real time

Suitland hook-up

S/C tape recorder
(includes TIP, AVHRR,
and global data)

global coverage at 4 Km
-resolution;

limited area coverage at
1 Km resolution;

tape recorder play back
-may not be timely for
real time analysis

* HIRS data will also be available
unclear at this time.

» but acquisition mode necessary is



°

IV. ANALYSIS:

Extraction of meteorological determinations

from observables

©

Outline
1. Inputs & Outputs . . o
2. Techniques |

a. General description

b. Specific algorithms



Type

Sounding Data

Imaging Data

PRIMARY INPUT TYPES

Characteristics of Observables

© Spectral radiances giving
complete vertical coverage

® Sampling sufficient to give
1 Wark accuracy after time
& space smoothing

© Spectral radiances chosen
for specific application
(incomplete vertical coverage)

® Sampling required varies with
application



Scan Time

SPACE & TIME SCALES FOR VAS
SOUNDING & IMAGING DATA

2 hr. =.

VAS
sounding data
(smoothed to 30 km
resolution in clear areas)

—

1 hr.
45 min.

30 min.

VAS multispectral
imagin%'data

[ W

15 min.

2000 4000 6000 8000

N-S Coverage (km)



OUTPUTS

Clear areas:

@ Water vapor fields

® Winds from water vapor tracking
@ Temperature fields

@ Surface temperature

Cloudy areas:
©® Winds from cloud tracking
@ Cloud heights

G Liquid water content

e Cloud types
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MAJOR AREA REQUIRING DEVELOPMENT:
VAS Image Analysis
eg. Techniques for obtaining

1. Water vapor motion winds

2} Liquid water content

3. Surface temperature

4. Water vapor distfibution

5. Lower tropospheric temperature

6. Cloud type



V. SYNTHESIS AND MODELLING

A,
B,
£
D,

F.

BASIC OBJECT OF SYNTHESIS

'REQUIRED SYNTHESIS FUNCTIONS

TYPES OF MODELS USED IN SYNTHESIS
ADDITION OF NEW INFORMATION

A PROCESS FOR DATA SET SYNTHESIS
STATUS



A. BASIC OBJECT OF SYNTHESIS _
(A COMPLETE MEAL FOR THE MODEL)

VISSR

VAS

TIROS-N

BOUMNDARY
CONDITIONS
GO HERE '

\
P

CONVENTIONAL ¢
WEATHER DATA

RADAR

* EVERY BOX IN THE MESOSCALE VOLUME
- IS FULL OF MNUMBERS: :

(T) P) Q;'v; liq0 H209 ;°') N



A. SECONDARY OBJECTIVE
(THE MEAL MUST BE DIGESTABLE)

DATA SET PREDICTION

PHYSICS

@ THE DATA SET MUST BE CONDITIONED TO MESH
WITH THE MODEL

© DATA CONDITIONING VARIES WITH THE MODEL
BEING USED

INCREASING RESOLUTION OF DATA SET ULTIMATELY
REQUIRES MORE PHYSICS TO POWER THE MODEL



B. DATA SET SYNTHESIS FUNCTIONS

INPUT TRANSFORM
CHARACTERISTICS METHODS
INCOMPLETE INTEPOLATION |
SPATIAL COVERAGE — > CORRELATION |
VARIABLE SMOOTHING I
SPATIAL RESOLUTION DECONVOLUTION
IRREGULAR y INTERPOLATION‘___%}
MEASUREMENT TIMES EXTRAPOLATION
'REDUNDANCY —3) WEIGHTING —
CONSISTENCY
INCOMPATIBLE o QUALITY S
: “1  CcoNTROL .

OUTPUT
CHARACTERISTICS

COMPLETE
SPATIAL COVERAGE

FIXED
SPATIAL RESOLUTION

CONTEMPORANEOUS

UNTQUE

COMPATIBLE



C; TYPES OF MODELS USED IN SYNTHESIS

® INTERPOLATION MODEL: DETERMINES VALUES ON A UNIFORM
GRID FROM MEASUREMENTS MADE ON A NON-UNIFORM
GRID

@ DIAGNOSTIC MODEL: DERIVES SECONDARY PARAMETERS (E.G. RAIN
AREAS) FROM PRIMARY PARAMETERS (E.G., T, P, Q);
USED TO CHECK CONSISTENCY OF DERIVED AND OBSERVED
SECONDARY PARAMETERS

© INITIALIZATION MODEL: PREPARES DATA SET FOR PREDICTIVE
MODELS BY FILTERING DATA TO ELIMINATE SCALES AND
PROCESSES INAPPROPRIATE TO THE MODEL

@ PREDICTIVE MODEL: PREDICTS FUTURE VALUES OF PRIMARY
. PARAMETER FROM INITIAL CONDITIONS

@ EXTRAPOLATION MODEL: A SUBSET OF PREDICTIVE MODELS,
CHARACTERIZED BY SIMPLICITY AND USEFUL
ACCURACY ONLY FOR VERY SHORT TIMES



UPDATING DATA SET WITH NEW INFORMATION

COMPLETE
DATA SET
AT
o
D(t )
U
"NEW
‘ MEASUREMENT
PREDICT . HEBE AT &,
DATA SET AT D, (¢ )
TIME OF NEW -
MEASUREMENT
\ . . Y
PREDICTED MODIFY DATA : -
DATA SET SET TO REFLECT
AT t . S- NEW INFORMATION
D* (¢
( 1) \
COMPLETE
DATA SET
L
AT t <
D(t )




A PROCESS FOR DATA SET SYNTHESIS

PREDICTIONS/ / MEASUREMENTS

Y .Y , .
CURRENT SECONDARY -
_ PRIMARY DATA
) ?ATQ asT CLO§§¥§;2§ i
’ HISTORY T, .\ HISTORY

o[

INTERPOLATION

MODEL (FILLS IN : ' ‘
THE HOLES)
MEAS

- ‘ DET.
DIAGNOSTIC MODEL | SEC. PAR
IgggﬁigiATED > (DET. SECONDARY
DATA s,] PARAMETERS AND
BUDGETS)
- :
v / l COMPARE
/ BEHAVIOR
ADJUSXTKRIMARY P : OF CONSERVED
' QUANTITIES
IFEEDBACK :
¥ \
IDENTIFY DATA

PROBLEMS

[ Loop
INTERPOLATED, !
AND ADJUSTED /
DATA S




F; STATUS OF SYNTHESIS AND MODELLING

©® RELIABLE MESOSCALE PREDICTION MODELS NOT NOW AVAILABLE
AND NOT NOW INCLUDED IN VAS SYSTEM; DEVELOPMENT OF
SUCH MODELS EXPECTED TO PROGRESS WITH IMPROVED DATA
SETS AS PROVIDED BY VAS SYSTEM;

® DIAGNOSTIC MODELS ARE AVAILABLE NOW; WILL BE INCLUDED
IN VAS SYSTEM™; WILL SERVE AS PRIMARY EVALUATOR OF
SYNTHESIZED DATA QUALITY

@ CONSISTENCY FORCING (PRIMARY DATA ADJUSTMENT) PRESENTLY
DEPENDS ON HUMAN INTERACTION USING SUBJECTIVE TECHNIQUES
AND DIAGNOSTIC FEEDBACK

@ INTERPOLATION MODELS ARE ABUNDANT BUT MAINLY TWO
DIMENSIONAL, REQUIRES DEVELOPMENT

¥ WILL ALSO BE IMPLEMENTED IN MCIDAS OUTSIDE OF
VAS PROGRAM



