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INTERACTIVE IMAGE PROCESSING I'OR
METECROLOGICAL APDPLICATIONS AT
NASA/GODDARD SPACE PLIGHT CENTER

James B. Billingsley
pr. A. Frederick Hasler

NASA/Goddard Space Flight Center
Greenbaolt, Maryland

I. ABSTRACT

Interactive image data processing has greatly improved the capability to oXtract
scientific information from sataelllite Imnge data. Pravious rsithods of batch processing
did not allow the scientist to intorpret intermediate xesultz on a short ehough timo
scale tg effactively modify either the data or processes as reiuired for effleiont datn
axtraction,

A primary Goddard Space Flight Center moteorologlcal program objective 1s to develop

methods to improve detection and prediction of severe sktorms using geostationary satellite

measurements. Interactive data procasaing gystems can perform many tasks towards
meeting this objective.

Thae development of interactive image processing techniques which have led to
meteorological data processing systems at the Goddard Space Flight Center arc discussed.
llardware and software functions of the exieting Image Display and Manipulation System
(IDAMS) and the speclal-purpose METPAK software package which has been developed for
performing meteorclogy operations on IDAMS ara described, A seconde-generation inter-
active image processing system, the Atmospheric and Oceanographic Information Processing
System (AOIPS), which is under development, is also outlined. These systems are being
designed to provide the necessary high throughput required for analysis of geostationary
gatellite data in the time domain.

II. INTRODUCTION

For over ten years, meteorologists at the Goddard Space Flight Center (GSFC} have
analyzed satellite data with computer aassistance, The ability to modify and analyze
data interactively is relatively new and offers to the user rapid step-by-step analysis
with intermediate result presantation. Uardware and software systems discussed in this
paper are specificaliry designed to Iinteractively assist the meteorologist with the
extraction and analysis of his data,

III. GSFC METEOROLOGY PROGRAM OBJECTIVES

Meteorological image data processing program ohjectives at Goddard Space Flight
Canter are centered on the anslysis of geostatlonary satellite data to obtain & quali~
tative understanding of, and derive quantitative parameters for, the following: 1) the
detection and prediction of severe storms, 2} the improvement of short-term and long~
term global atmospherie numerical prediction models, and 3) the development of improved
patellite systems., The driving requirement for a gualitative understanding is the
multispectral display of a series pf time-lapsed, enhanced images of a rapidly developing
severe local storm, The principal requirement of the guantitative parameter derivation
is the measurement of cloud motions for the determination of wind velocity. wWind
velocity measurements are essential for all types of analysis from the small-scale
severe storm to the global atmospheric model, ’
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IV, DACKGROUND

In Janunry of 1971, an in-house doveloped image procosping systom was comploted
at Goddard Space Flight Center. fThis system was dosignated IDAMS (Image Display and
Manipulation System). IDAMS was developed to intoractively perform geoometric and
radiometric modification to digital image data and to display tho results on color
and black-and-white telovislon mopitors, Operator interaction with the computer soft-
ware and dieplay hardware is achieved through a computer gqraphics terminal, a
joystick, and functicn control switches (seo Figure 1). Early in 1974, the potontial
of using IDAMS for notcorclogical image datn procossing was eXplored and the deecision
made to implement meteorological dato processing functions on IDAMS. Mothods used b
universitios and othor research organlzations for processing of meteorological data
wore evaluated prior to IDAMS software implemantation.

Two approaches to wind veloelty (speed and direction) determination using tele-
vision and computer systems have beon daveloped under NABA meteorology study contracts,
one by Stanford Rescareh Instltute and the other by the Univewzity of Wisconsin., Both
methods are based on the premise that wind vectors relate ¢dircctly to change in
cloud pogition over a period of timo., Satellite image data rocaived at known inter-
vale provides a data base from which cloud sets are selected for tracking,

The Stanford Research Institute system (SRI/NASA cloud study console) records
photographic hard-copy imagery on an analog televiasion "instant raplay" disk recordor.
Time lapse viewing of the rocorded image series, using conventional tolovision monitors,
enables the operator to solect cloud sets which eon be tracked to generate tho cloud
motlon wind estimates. A cursor is positioned, by the operator, on each cloud to be
tracked and the cursor position is transferred to punched paper tape for input to the
computer, This process is repeated on each successive image to establish cloud
motion. Landmark data is assombled in a like manner and transferred to the computer
to be used as a geometric standard for image data registration and geographic location.
Cloud and landmark positions are computer processed to produce an outpui tabulation
and vectnr plot of the wind vectors.

The University of Wisconsln system, designated McIDAS (Man-Computer Interactive
Data Access System), is similar in function to the SRI wind vector generation; however,
in this case, the processing computer 1s an integral part of the system. This
systom approach cffars considerably ilmproved operator interactlon, system accuracy,
and flexibility. The MeIDAS input data bhase is from direct recorded satellite
digital data. Digital data from approximately 30 SMS (Synchronouws Meteorological
Satellite) visible spectrum images (15,288 6-bit picture aclements per line by
14,568 lines on each image) and 30 infrared images (3,822 8-bit picture elements per
line by 1,821 lines per image) are stored on a single ld4~-inch reel of magnetic tape,.
Image data are merged with orbit, landmark, and sensor related measurements in &4 pre-
processing mode to establish the geographic location of picture elements.

Once geographic locations of the pickture elements are known, precise positionsg of
clouds selected td establish wind vectors are alse known, Interactive cloud solection
is followed by veckor generation, which yields an image display on the television
monitors of the original image data overlald with arrows which represent the wind
vectors.

A cloud helght preprocessing algorithm is being tested at the University of
Wisconsin to determine the altitude of clouds used for wind vector generation, thus
providing wind vector data for several altitudes, The construction of three-
dimensional wind vector sets will be possible using this approach.

. DEVELOPMENT OF FACILITIES
A. IDAMS SYSTEM DEVELOPAPYT

Design of the Image basklsy and Manipulation System (IDAMS) was initiated
in early 1970 to provide an imawe data manipulation capability primarily ror earth
rasources satallite data processing. Basic system guidelines required the use of an
existing computer manufactured by Control Data Corporation (CDC 3200) and the
devalopment of an interactive television terminal to be connected to the computer.

The IDAMS interactive terminal was designed around a digital disk recording
gystem which is used to refresh the television monitor sereen 30 times per second,
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Approximataly olx million bits or three television images (500 x 700 x 5 bits) are
stored in digital form on the disk., Figure 2 is a simple block diagram of tha IDAMS
display torminal and computer systom.

Image data is transferred from computer tape or disk through tho computer intor-
face and a buffer memory to the IDAMS tolevislon rafresh disk, fTransfer time is 13
seconds per image. 7The thrae stored images may be displayed in true color, falso
color, peeudo color, or hlack and white as the operator chooses. Digltal inverasion
capablilities allow a mixture of poaitive and negative image data for false color
presentation and image subtraction. A fade control is used to view two images
simultancously, Image alternation for time lapse viewing and split soreen prosentations
are included in tha terminal hardware. Geloction of image altaornation rates and the
soquence which the stored images aro to be shown in time lapse is under elther computer
or manual control. A video disk recorder is avallable as the image storage media for
time lapse viewing of up to 600 imagee. The video recorder is an analog system and
therefore modification of image data must be performed prior te recording. An IDAMS
hardware digital level slice function is used to divide the image gray scale into thrae
color display boundaries. The lower gray scale values are displayed in shades of red,
the middle values in shades of green, and the upper levels in shadas of blue. Two
thumbwheal switches are used to select the dividing pointe betwean colors at any point
on tha 32-laeval gray &ecale.

Graphic overlay hardware functions include a crosshalr or cursor and a variable
sized rectangle, The position of the cursor and the rectangle's position, size and
shape are under direct computer control. The operator can position or modify raoctanglo
size by oelther typing his input reguirements or by using the joystick and switches on
the terminal console. The joystick and switches are linked back to the computer so that
thelr functions may be determined by software assignment. Tha IDAMS software package
is very broad and encompasses most image data manipulation operations being performed
at image processing facilities around the country., Image display software is based
on image reduction or zoom of input imaje data to television-sized images. Image data
sets which are larger than approximately 500 X 700 picture elements are reduced for
television monitor display by linear interpolation between adjacent elements. Smaller
data sets aro elither displayed one-to-one or the zoom function is performed by repeating
picturo elemants to £1i11 the 500 X 700 dimension. Normal operatlons of tha reduce and
zoom functions are as follows:

1. Reduce large image data set for viewing

2. Select an area of intereat from the displayed image with the graphic
rectangle

3. Z2oom selected image area to television screen dimensions and display

In each case of reduce and zoom, original image data is used ip the process to present
the highast quality display and to preserve data integrity,

Other IDAMS software functions may be used in a similar mannaer. An area is
operator selected from a reduced image for radlometric or geometric manipulation
of the corresponding image data. The reverse of this appreach is also a normal
cperation; that is, a television-sized image may be used for Iinteractive manipulation
and then, upon command, the same manipulation is applied to a larger image data sat.

Some of the significant general-purpose IDAMS software includes: linear and nonw-
linear contrast modification; histogram development; image ratioing; image subtraction:
image data filtering; geometric rotation, prejection, and correection.

The general-purpose IDAMS radiometric and geometric image data manipulation
software has been augmented with several special -purpose software systems. Those
special software systems are discipline-related composites of existirg image
manipulation software and special function software necessary to perform the user's
operation. fThe IDAMS multispectral classification and the meteorology cloud tracking
wind vector software systems fall into this category.

8. IDAMS METEOROLOGICAL DATA PROCESSING

The special-purpose software package developed for performing metcorology operations
on IDAMS is called METPAK. METPAK is an enhanced combination of modified McIDAS



cloud tracking and wind vector ganoration functions and IDAMS spceial-purpose image
processing functions, 'Tha METPAK design 1B prodicated on grouping of image manipulation
functions and tho elimination or minimization of housckeeping requiremants.,such as tape
asaignments, file numbering, and other non-meteorology functions,

Tha software system communicates with tha operator by moans of menus and gueations
which requiroe responses, Most rasponses are in the form of pressing a single button te
axpress operator deociaslons.

METPAK functions for cloud tracking to gonorate wind vectors arc as follows:

1. Establish latitude and longitude of selected clouds to accurately measure cloud
position change from one image to another

2. Compute wind voctors from the displacoment of tha selected clouda
3, Display the wind voctor f£ield for evaluation and interactive modifieatlion

4. Provide printer output for diroct analysls and magnetic tapes of wind vectors
for plotters and hard copy image gencration systems

The following paragraphs describa a typical cloud tracking - wind vector generation
operation on IDAMS,

Prior to n sassion, the meteorologist sclects a working image data set by indicating
data acquisition date, time, and the acquiring satellite, Data tapes are selected from
the tape archive and sent to the IDAMS faeclility for procesging, Image data sat size
reduction to televislon display dimensions is elther donz as a non-prime time hatch
operation or may be accomplished using METPAK.

The inltial METPAK menu presented to the operator, on the alphanumeric display, is
shown in Flgure 3., The imago data reduction seguence for telavision display is initiated
whon the coperator types tho number 1, The METPAK menu is replaced with the image pro-
cogsing menu also shown in Figure 3. fThe image reduce function is selected by the epar-
ator to proceed. The image processing menu is replaced on the keyboard display with a
series of lnstruetions., The first instruction 1s to have the computer operator mount
the master data tape on a spoeifie tape drive. The second instruetion requests the
operator to name the reduced image. During each operation, informative statements ace
displayed to indicate to the user what is in process and where data is being stored. The

riduced image data is automatically transfarred te the IDAMS television refresh disk for
display.

The reduce function is repeated for three image data sets which were acqulred from
tha satellite at snlected intervals, More data sets may be used for wind vector
gqaeneration, however, the first image reductions are performed to allow tha usar to
select landmarks and areas of meteorological interest. Tha three images are viewed by
the operator in a time lapse moving picture display to note position of viewable land,
storms, and weather feature motien. The IDAMS graphic rectangle is used as a locator
to outline the areas of interest for enlarge or zoom functions.

The zoom function is firat performed on areas the operator had selected to estaklish
geographie carth reference. The operator selects the landmark rogister function from
the METPAK menu to begin the landmark zoom sequence. The METPAK menu is raeplaced with
the Landmark Registration menu from which the landmark zoom function is selected,
Inquiries, such ag zoom ratio, number of images to increase, and name of each image, are
rasponded to by the operator and the processes are performed hased on operator responses.,

Zoom ratios of either 1:1 or 4:l are typical for lecating landmarks., The 1:1 zoom
ratio transfars one original data picture element to one television display element.

The 4:1 zoom transfers original data picture elements and lines four times for a maghi-
fied image display.

After landmark zoom, the operator continues the landmark registration sequence hy
typing the number 3 (see Figure 3), The operator positions the cursor over a known
landmark on each zoomed image and assigns latitude and longituda coordinates to the
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selected polnt or polnts. An accurate map facllity must bo majntalned for this purpose,
A landmark data file iz accumulated in tho computer as the operator locatesn landmarks
cn ap image series. When landmark solection is complete, the METPAXK master menu is
again displayed. The operator types tho number 3 to initiate the navigatien procoss,

The navigation program performe the computations necosesary to proclsely loeate
carth coordinates of any clouds which will be selected for wind voctor gencration.
Inputs to the nuvigation programs aro satellite orbit pavameters and landmark
coordinates from the landmark data file. The guality of navigation is tested and a
navigation quality report is presented on tho alphanumerie¢ display. Poeor navigation
quanlity indicates improper landmark selection or incorrect orbit paramotors.
Corractions arc made by tha operator, if required, hefore proceceding to the cloud
tracking function,

Cloud tracking is the foundatlon upon which wind veector gonoration from
patellite data is based, MAccuracy of wind vactor scts gennrated by this method is
based on tho quality of available navigation data and tha abillty of the user to solect
cloud: which move with the wind. The operator types the number 4 to begin cloud
tracking.

The original reduced images are viewed in time lapse motion to select an area of
moteorological interest. Area selection and zoom are performed as previously
described. The zoomed images are displayed in time lapse motion for sclection of good
cloud tracers which will be used for wind voctor generation.

Two modes of cloud selection are possible using IDAMS METPAK. Onec mode is
single-point tracking in which the operantor selects the center or an identiflable
feature on a ¢loud with the cursor on three successive images, Point selection
accuracy is enhanced by alternatoly switching between images to dlsplay the point
selected on the previous image and allowing the operator to modify the pooiticn of
selected points on any of the images. Viewing the three images in time lapse motlon
with the solected points on each cloud displayed assures geod single-point selection.
The second mode of cloud selection is performed in a similar mannér to single-point
tracking, except that a rectangle is used to outline salected cloud arcas on cach of
the three images. (loud displacements are computed by bast Eit cross correlation
between the three ¢lowd Ilmage data sets. ‘This method requires less cffort by the
operavoy and is more precise than single-point tracking but requires more computer
time,

As cloud selection progresses in either mode, the operator is kept aware of
gelected cloude by the cursor momentarily flashing at each point previcusly selected.
This function is necessary to eliminate duplicate selection and to insure complete
cloud selection coverage over the displayed area. Upon completion of cloud selection,
wind vector programs are initiated by typing the numbaer 5.

Wind vectors are calculated by applying the previously determined navigation
coordinate transform to the picture coordinates of a selaected cloud sot and dstablishing
true aearth displacement (distance and directien) of the clouds. Cloud displacoment
is divided by the time interval botween Imnges to caleculate cloud volocity. Arrows
are generated to present wind vector information to the user with arrow length
proportional to wind speed. Arrow position and pointing direction relate wind
direction ns ostablished from a particular cloud set,

wind vectors ary the output product of the IDAMS METPAK and are presented in
soveral forms for use by the meteorologist, The display mode is used to uvbserve wind
flow and to edit out any obvious erroncous vectors. Display options inelude: vector
fiald display, or vector display overlaid on selected images. Time lapse motion
viewing of the vector overlaid image sots may be used for dynamic analysis of atmos-
pheric motion,



Another wind vector output product is a computer printout of the wind vector
information., The printout lists date, time, latitude, and longituda of each cloud
palected and the wind apeed and direction from each cloud set,

Magnetic tapes of the vector and image ovarlald voctor datn are another output
product, These tapes are used to produco hard=copy products,such as: ink plot
vectors for map overlay ond photographic outputs of the vector sots# ovorlaid on tho
original image sarica, The cholce of output products is mndo by the operator from a
menu similar to othor METPAK operations.

A utility program sct has bean included as part of the METPAK systim to allow
an oporator to manipulate image data prior to, or durin? a procassing scssion. The
utility programs are intended to romove some of the rigidity imposcd by the usor-
orianted METPAK programs, Use of the utility programs is monltored to determine now
system requirements in ordor to imploment now METPAK and utility operations,

Data managemant programs arc used throughout the METPAK softwnro system to track
imaga operations and stored results. OQthar routines within the data managemont
programs allow an operator to stop and restart from any point in the METPAK operation.
This provision is made to climinate duplication of offort [rom seasion to possion.

The operator may terminate an operation at the end ~f a session and rainitiate at the
game point in his next aeasion, Saved and raestart deia is preserved on digital
wmagnatic tape for re-entry,.

IDAMS 1s being used as a technique development system for motoorology and ecarcth
rasources applications. The METPAK poftware package has anabled the meteorold,/
users to casily extract scientific data Interactively with minimal system knowledgo,
The system must be limited to technique development, howover, since an operational
systam requires much higher data throughput than is possible on IDAMS, JIDAMS will
be used for continued motoorology data processing tochnique development through
carly 1976. An operational system, the Atmospheric and Oceanographic Information
rroceasing System (AOIPS), is currently under development, AOIPS will perform
metoorology and earth resources data proressing ap well as new technique davolopment
on a much larger scanle than the current IDAMS offort. The estimated starting dateo of
operation is Novembor 1975,

C. THE ATMOSPHERIC AND OCEANOGRAPHIC INFORMATION PROCESSING SYSTEM {AGIPS)

AOIPS is a dual temminal multiprocessor image data processing system with
much greater data manipulation and throughput capacity than the IDAMS facility.
Meteorology and carth resources applications users share AQIPS for thelr interactive
data manipulation analysis Ffuncetions.

Contral processing and control are performed by two Diglital Equipment Corporation
Ppp 11 computers interconnected as multiprccessors. Elther computer may usc any
of the peripheral equilpments in both foreground and background modes of operation.
System management software is used to assign equipment priorities for optimum data
throughput. “ha system block diagram shown in Figure 4 illustrates intarconncction
of the AQIPS terminals, computars, and related equipment. One of the terminals is
scheduled for delivery in August of 1875. The other terminal is to ba delivered in
carly 1976, soveral other items shown in the block diagram are also under development
with anticipated delivery in late 1975 or carly 1976. The present configuration has
a modified General Electric Image-100 serving as the interactive terminal.

The Image-100 system has been mouified to allow wequence viewing of an image
series and to incorporato computer control of all hardware functions necessary for
image manipulation. Digital image data is stored in the Image-100 terminal for tele-
vision screen refreshing and hardware manipulation., Five solid-state memories provide
storage for five television sized images. Each memory can store one eight-bit image
with dimensions of 512 picture elements per line and 512 lines per image. The Image-100
terminal is directly cinnected to one of the PDP 11 computers. Data lipkage botween
compuiars is accomplished by intarconnecting the computer data buses and certain control
functions.

Data tspa archives are maintained to provide users with an accessible data
base. Standard 9-track digital magnetic tapes and high-density digital tapes are
stored in close proximity to the AOIPS facility and in the Goddard central tape



storage. Operations persotinal are responsible for acquiring data tapes prior to a usecr
session and returning them to the appropriate storage after uss.

Tha AOIPS high-density digital tape racorder will ho used for image data Input. A
large data compression ratio is achieved by uwsing high-donaity tapes rather than stand-
ard 9-track computer tapes. Image data from 250 9-track tapes may be stored on one high-

denaity tape. BSavings of tape, storage space, und data acquisition time are conaider-
able.

Television-sized images genorated during an operating soasion are stored for xapid
rocall on the two large computer disk systems, Accumulation of ovar 600 digital tele«
vision-slzod imnges is possible, Data manngement software allocates storage area to
cach user for later recall of his image data, Larger imago data pots may bo stored
should a user want to manipulate more than the viewed imago area.

MAOIPS system software has been under development since early 1975, The moteorology
softwarae package aequivalent to METPAK wlll bp ready by Pecember 1975, Dbata mapagement
software is also under development to provide data acquisition and storage operations on
a large scale.

Upon delivery of the socond interactive terminal, the aystem will bo fully linked
for multiterminal and multiprocessor operation. The facility will provido the users with
continuous 24=hour gervice, Preparatory operations will be performed at night to allow
the users full utilization of theilr allocated time for application-oriented data
manipulations. A staff of aystem specialists will optimize data flow based on user noeds

to further facilitate system use for scientific analysis,
VI. SUMMARY AND FUTURE WORK
Interactive image data manipulation has allowed effectiva analysis of metcorplogical
satellite data in the time domain which would otherwise be impossiblie, PFuturo efforts
will concentrate on the Following:

1. Refinement of data processing technigues and meteorcloylical analysia
functions

2. The development of new meteorolegical analysis functions

3. The addition of a large on-linec computer to allow the retrieval of data
from large data banks and to perform analysis functions on a larger scale

4, The development of a real-time facility for severe storm forocasting
rascarch
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METEOROLOGY PACKAGE (HETPAK)

1, IMAGE PROCESSING 5, WIND OUTPUT
2, LANDMARK REGISTER 6, UTILITY

3, NAVIGATION 7+ SAVE/STOP
4, CLOUD TRACKING

*** IMAGE: PROCESSING ***

1, LIST IMAGE FILES

2. DISPLAY IMAGE ON TV

3. REDUCE MASTER TAPE TO TV SIZE
4, Z00M SUBAREA

*** LANDWARK REGISTRATION ***

e

1, LIST LAHDMARK FILE

2, LANDMARK ZOOM

3. SINGLE IMAGE LANDMARKING

4, IMAGE REGISTRATION LANDMARKING
5, EDIT LANDMARK FILE

Figure 3. METPAK Master Menu and Sub-Menu
Examples .
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