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ABSTR.ACT 

The purpose of this report is to inforra potential scientific user<• 
of the capabilities of the CSU IRIS/DRSES . This report is intended to 
be a descriptive reference which is or3anized into three chapters . The 
first chapter presents the facilities which comprise the I.RIS/DRSZS . 
The next chapter describes the specific routines •necessory to produce 
research oriente<l rr~eteorological products presently operational at this 
time . Current plans for future additions to IRIS/DRSES are described in 
the last chapter . 
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The CSU Department of Atmospheric Science h乙 s des igne<l m這

implemented e computer facility capable of acquiring and processinL 

nur.terous types of data for rr,eteoro logical research and develop可enL vozL, 

The philosophy o[ this facility ' s architecture is research oriented r..iore 

so than operationally oriented . The reason for this research emphasis 

is to aliou the user (research scientists and g:raduate students) the 

flexibility of modular programs rather than b eing limited by 

operationally oriented canned procedures such as the PROFS ' s PO~lS 

訌eynolds, 83) . IRIS provides the tools for user software developne訌

and encourges creatiye use of the system . Since this facility is 

comprised of state of the art imaging technology , changes in hard·ware 

and software configurations occur frequently . Thus , it is the goal of 

this repor 七 to present the current situation of this facility and its 

expected potential for the future . The reader of this "overview" 

document is refered to the continuously updated ~ ~ ~ for 

detailed instructions . 



CHAPTER l 

FACILITIES 

1 . 1 卽IRECT 鉭~ADOUT 且4.TELLITE 且皿TH ~TATION (DRSES) 

Figure 1 presents a block diagran of IRIS/DRSES .. The left-hand 

side of Figure 1 represei.1ts the DRSES . A ten meter antenna is 

positioned to receive stretched VISSR data from th~ GOES-Ilest satellite 

and a five meter antenna receives data from GOES- East satellite . The 

datr: stream is switcl1ed by the antenna selector to one of the two 

receivers within the DRSES . From this point, the data streans can 

follow various avenues depending on the switching in operation ::!.t that 

time . The DRSES comprises two separate operational receiving stations. 

The purpose of having two receiving stations is to insure that da-ca 

collection can continue if one of the cortiponents within 七he systera 

fails . This redundancy of the DH.SES permits CSU engineers to effect 

changes in the pa己h of the data stream r.1uc辶 sooL1er than the failinr:, 

device c211 be repaired . 

The primary path of the collected satellite data for use by tLe 

CSU scientists is into one or both of the DRSES DEC PDP 11/31+ 

minicomputer sys tens . These computers are prograr,-;;mcd to collect,:ind 

store the project requested sectors to disk . The projects may archive 

VISS且 dat..=. on nine track tapes for analysis at a later date, or use the 
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Figure 1. Block diagram of the IRIS/DRSES at the Colorado 
State University's Department of Atmospheric 
Science. 
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data in real一 ti辶1e. For rec.1-time use, the !.)RSES<l.:ta files c .. 'n be 

dd1Lt5class1 riecdts4e,··)Oaa 
2
l
l

辻

1
r
a
n
i
t
r

!uho 

r·3 

oraEnoI ioedatncP 

),tnScium 

mse 

n 

aEas. 

Jit 

。
8taeOsr 7shC5sres lnt1iet5e 1sOefs1is 1efhtaeydi 

toTaersuh i.rrtt 1\

'

ktaeos 

19s.s"t 

g 

止
l.e7iserRir 

n 

r` 

t
d
h
H
e
A
1
,

。

a,t1C15fi 

Cs.egS1Sir 

prnEaDt,di 

E 

E 

yeieOmIa3e 

q 

D (rRt1Gspss 

aneAyue 

eveapSrr 

Ee 

n 

.
ro·ah"e eihewt,ovr 

.
ttc,n"ceay 

aeL1Rd 

edau 

u ptTa;A

. 

1sfrrCyhett 

AotuS1ttLas 

r 0 

0 

ceAcoDttd 

gOrehInEi.1 

.J`

-

P-Peomey 

n 

1  ̀

sde(osf̀ urss 

11faea 

h 

nerlRq ozeyda"er iy1rehrntT t1Leergfor aasPadniso 

nes.1

. 

v 

cneiri iaEts£arrsr 1cenuoiaus 

、

.
m
t
o
e

- 

egirDn 

h 

pdS pEpausai 

dadd 

n 

aaOsmdo 

Geinh.eru 

d-4arttRf.E eCoeutS1s 

le 

n i,ehoiS^J 

hmgIh 

ynv 

aaaWt1t 

1s

>

aVem 

mb 

。

s
i
n
n
s

a 

pt 
s
s
5

七

S
o
e
a
i
y
y

e

.
ia3iihr-crc dE1mvsttfne 

oev 

h FLISn 

eSdIlieuer bEnaegtreqe 

yOuarhesadeh bCttbaor£t 

!psmfoe. 

y 1t eehheeey 

dthch.Egh1wc 
e
a
T

。

a
t
.
1
s
a
c
a
d
n

si5co1emrraee sd7b1tiaoeru ee,euep0teq Cdytadsrsve 

t
a
n
a
i
n
e
e

正

e
T
4

u 

m
a
r
t
i
s
f

工

cn a.1ad.1S 

1 . 1 . 1 Qata _Q_ollection 卫latform (DCP) 

A DCP is a data collection platform consisting of a dc.:.ta 

aquisition system, platform, and assorted sensors. These platforms are 

typically in rer.10te environments po,-;;ered by an internal 12-volt battery 

source and charged by a solar penel . The GOES Data Collectio~ Systen 

(DCS) offers "real一 time" data, remote locations independent of power or 

phone lines, and high reliability. 

GOES DCS (NO缽 Tech . 「回e1) ., 79) are data collection platforms 

trnnsmitting data viu one of the GOES satellites, through the services 

offered by NESDIS . NESDIS re-transmits the data to both satellites 
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(East-Fest)&llouin6 collection ctt 七he users I)rocessini center . 

The system is desi3ned to accomnodate 10,000 ind:i.vidunl sensor 

platfonr. transmissions per hour operating in three possible modes: 

(1) Interrogated; the sensor !latform trasc:its 
its data in responce to ar心訌t er1·oga t ion 
signal. 

(2) Self timed; thG sensor plaforn transmits its data 
at fixed (synoptic) intervals controlled by a tir.1er 
located 1•1i thin the sensor platform . 

(3) Emergency; the sensor platform transmits its data 
after a predetermined sensor threshold (trigger) 
level has been exceecied . 

The Departr:ient of Atmospheric Science has several DCPs uhich. hr.ve 

been located in rer:10te geographic:::i.l areas to support various fie l<l 

projects that required automatic collection of data for real time use. 

These DCPs transmit t!l.eteorological data such as temperature, relative 

humidity, wind speed and direction, precipitation, and solar insolation. 

These data are stripped from. the incoming data strcar1 in tbe DRSES and 

sent to the DRSES Ni cro Nova r.1icroprocesser for decoding of the datn an<l 

stora~e. These data may then be transferred to the DRSES PDP 11/60 for 

distYibution(magnetic tape or print) . For more inforr.iation concernin.; 

DCP data contact ti:r . Tom Cipriani (303/!~91-8363) . 

1 . 1 . 2 VISSR Data Collection 

VISSR infrared and visible data from GOES-East and GOES-West 

satellites can be collected.iutomatically 24 hours a day, 7 days a week . 

The l:laximun. resolution of the infrared auc. visible data that can b~ 

collected by the DRSES are L.~ miles x 2 1:1iles and .5 I:!iles x.5 niles, 

respectively . Infrared VISSR data is always collected at the mrn:i-::ium 

resolution. Visible VISSR data can be collected at . 5, 1) 2, or l:. r.1ile 
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stora6e usage are directly related to the size of the sector . 

The cost to collect a specified set of i. maR。es -1 ~ O variable. .^ ... 

sliding cost sen le is used to deterraine the charges to the user . This 

sliding cost scale is based on volume and thus depends on user 

requirments. For ·more information cont.1.ct Hr . 區lt Naylor 

(303/ !J-91-86D2) . 

1 . 2 IRIS 

The right side of Figure 1 presents a block diagram of the IRIS . 

The IrtIS is co-:nposed of a host computer (D卫C VAX 11/7[~) which is usec 

in conjunction. with an if!lage processinr; system . The image processin~ 

systerr. is a model Vision One/20 manufactured L,1 the COETAL CorporatioG . 

1 . 2 . 1 co団汀AL VISION o~rn/ 20 

The CSU COi!TAL VISION Oh"E/20 configuration has two work statior..s 

that share a common set of eight image planes (512 x 512 x 8 bits) which 

may be allocated as needed . Each station has a high- resolution color 

1:ionitor, a cursor control device (data tablet or trackball), a keyboard 

to directly control the ir.126e processing system, antl a 七 err.iinal
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connected to the host coc;:,uter for controllins the data floi.,. T:1c iIJ乙se

display syste団 2.lso includes a video camera C:odel 700SV EYECOl~ In:.G!0c 

Scanner) di&itizing option for input o.nci a high speed ccnputer drive~ 

disital film recorder (System C-L}300 COLORWRITE) for output. The 

COLORHP,ITE is described in section 2.5 . 2. The video input CL .. 1cra c.nd 

data tablet provide an excellent and rapid means to input hand drawn 

maps or to draw frontal and rnesosc~le analysis directly into a graphics 

or image frame. The design of the inter11.2.l processing software and 

hardware of the system provides the scientist a higLly interactive 

environ.ncnt in which to try an idea and then quickly Bodify to improve 

the idea . The fast interac 七 ive capability is achieved or. this syster·1 by 

building several of the more commonly used functions into high speed 

electronic circuits . The onboard controlling computer (LSI 11/23) then 

routes the digital data stream from the image planes throu£h the proper 

circuit before arriving at the display monitor . Eost of these functions 

are acc01:iplished \vithin one thirtieth of a second -- the video monitor 

refresh rate . Since many of the standard functions are self-contained 

in the display system, the host cor:汀)Uter is relieved of 1,1any ti:.1e 

consuming tasks ::1n<l is used more as a data r:ianager . For r,:o迂

information conce-:-ning specific applications of the CQr1TAL VISION CHE/ 20 

the reader is referred to the cogTAL Operating Guide and the VISIC打

ONE/20 Users Hanuale available from Hr . Neil Allen (303/Li-91-8233) . 

1 . 2 . 2 VAX 11/780 

The host couputer for the CSU IRIS configuration is a DEC VAY 

11 / 7 80 . The VAX 11/780 is a uini computer which also prov].des an 

excellent resource for applicatio立 s uork . The V卒 11/780'\•1ill support 
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seve:ral users simultaneously, allow very la立e so~巨aro ;.)rograms LO bo 

executed ·uy 五avinr; only~ po!"tion of the program in'!Il.eJ0ry aL any given 

time, :J.nd has sufficient co~1puting speed for significant processin~ of 

satellite imagery data and other r.1eteorological data such a.s in 

modeling . There are various types ofter祖inals available to syster.1 

users, two of which have special cap~bilities . The LA-100 terr,iinals 

have a special key p2.d for use uith a line-oriented text editor . The 

ADl·~-5 te元inals have graphics capabilities. Aloo nvailable to users is 

a SPI団·!RITER line printer which can produce letter quality output fror.-. 

the VAX ll/7CO (this report was output on the SPimJRITErt) . The VAY 

11/780 uses a VES operating s:-stern which supports Fortran 珥nd Pase訌

languaees . A list of VAX/Vr!S Software Docu臣ent Set is avc::ilable fron 

lfr . Neil Allen (303/491-8233) . 

1 . 2 . 3 IRIS Costs 

Because the IRIS is a combination of a host computer (VAX 11/780) 

and an imaging display system (COHTAL VISION ONE/ 20)) charges inc1~rre.d 

for its use are the sum of VAX 11/780 and cm1TAL VISION ONE/ 20 char3es. 

Use of a COHTAL VISION 0打四／ 20 stc.1.tion is recorded in logbooks 

located at each user station and the user is required to log the tirrle 

used . The rates for COHTAL VISION ONE/20 use depend the current rate 

structure . For more inf on:.lat ion contact lfr . Walt t:aylor 

(303/491-2632) . 

Billing charges for the VA}: 11/780 are determined automatically by 

an internal accounting system . The billing charges for VAJ弋 11/780 uca6e 

depend on the time of day and the syste罩 resources used (e . g . disc 

spcce used, CPU tL1e, etc . ) . 「or more information contact 迄 ． 玭lt
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`·cy 1or (3C3/ #91 -{H6 S2) 

1 . 3 OTHFR DATA ING卫ST SYSTEHS 

1 . 3 . l Link To Bureau Of Reclamation 

The DRSES PDP 11/60 (see Figure 1) is used as a communications 

handler for computer network links between all the computers that 

comprise the IRIS/DRSES . This computer also has a dedicated link to the 

Bureau of Reclamation in Denver , Colorado. Current 1-TIJS surf ;_~ce 

observations, upper air data. and model output fields are examples of 

data which are accessible via this lini . A coi....plete reference of all 

data types which are available from the Bureau of Reclamation are 

documented in a users guide (Project Skywater Environmental Data l~etwork 

Users Manual) . A special routine has been developed which uses a EA.OB 

sounding acquired from the Bureeu of Recla-:.aation and outputs the 

sounding to either the Zeta graphics plotter (see section l . ~- . 1) or an 

ADe graphics terminal . Ar.. example of Zeta plotter output is shown in 

Figure 2 . Procedures for acquirin8 these data reside in the I卫IS Users 

Guide . 

1 . 3 . 2 Li正k To CSU And NCAR 

The DRSES 11/60 has a communication link into the Atmospheric 

Science Department's Remote Job Entry terminal computer to provide <la區

and program flow to the CSU main campus co沮puter facility and the NCAR 

computer facility . For more information concerning the CSU and :,TCAR 

computing facilities, the reader is reffered to the appropriate users 

guide (see references) . 
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直gure 2. RAOB Sounding from the Bureau 
of Reclamation and plotted on 
the ZETA-8 Digital Pen Plotter. 
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1.3.3 Link To PROFS 

The VAX has a link to the P卫OFS computing facility in Boulder, 

Colorado. This link provides the IRIS with lightning data, Pf... O:f'S 

mesonet dBts:, :Denver RAOTI soundings and Limon radar data in near 

real一 time . The PROFS mesonet (Reynolds , 83) is a mesoscnle network of 22 

surface r:ieteorological stations . The geographic location of these 

stations are shown in Figure 3 . This data is sent to CSU 20 n七i.nutes

after each hour and contains 12 data sets of 5 minute averages (12 x 5 

minutes = l hour) of temperature , dew point, wind direction ar..d speed, 

precipitation, and solar insolation (see figure 4). Procedures for 

plotting these 訌ta reside in the IRIS User Hates. DenveJ::一邸OB

soundings at 0000 and 1200 G}IT can be acquired from the PROFS AFOS 

system ar:d displayed on the COHTAL (see figure 5) or an AD11-5 terminc::.l. 

Procedures for displaying the sounding data reside in the IP..IS Users 

Guide . Limon Radar data every half hour is automatically S(;i.lt (011e hocr 

after the fact) to the CSU VAX fron PROFS . Display of this radar data 

can be achieved on the cmITAL (see figure 6) or any VAX supported 

terminal (see figure 7) . Procedures to display Linon radar reside in 

the IRIS Users Guide . 
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Figure 4. Plots of PROFS Mesonet data. 
Slash marks station location(see Figure 3). 
Legend at bottom right for top and bottom plots. 
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Figure 5. Denver sounding from PROFS and 
displayed on Corntal Vision One/20. 
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Figure 6. Limon radar data from PROFS and 
displayed on Comtal Vision One/20. 
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1.Li. PERIPEEPv.\L EQUIPl沉KT

l.Li-.1 ZETA 8 Digital Pen Plotter (NICOLET ZETA CORP) 

The Zeta 8 is an 8-pen, hi3h speed drum plotter which provides 

quality and fine resolution output (see figure 2). The plotter can be 

operated on-line, off line or, rer1otely via communication lines such as 

the CSU VAX cor.iputer. Pen types supported are liquid roller and nyloL 

tip. Plotcing media include translucent, vellum, high gloss bond 

papers, and clear film for overhee.d projection transparencies. The 

hardware character generator produces over 200 different characters, 

including uppercase, lowercase, Greek letters, and mathematical symbols. 

A user manu.::.l for this plotter is located,;-1ith the plotter. 

1.4.2 Colorwrite C-L}300 (OPTROl!ICS) 

The Colorwrite C-4-300 is a high f.)recision, high speed color film 

recorder. It is designed to produce high resolution color 

transparencies from digital data bases by noving unexposed color filr.1 

over a computer controlled light source (see figure 8). An unexposed 

film shecy is clamped onto a re1<1.ovable drum and the film is expose cl by 

1;1odulation of a light beam from a white-light source focussed onto the 

film plane through a precision aperture and lens system. Color writing 

is accomplished by three sequential exposures through selected red, blue 

and green filters. For monochromatic image reconstruction an LED light 

source is provided. 

The film may be exposed at every raster point a.lone; the 
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circuNference of the drum (y-<lirection) up to am乙xirtum dimension of 25 

cps. After each rotation the optical carriage is stepped in the axial 

(x) direction at the selected rastor intervc1.l, and the process is 

repeated until the total area of interest has been exposed. There are 

32 repeatable density levels per prirJary color, or 64- repeat.:ible gray 

levels in black an<l white operation, depending on film gamma GP..d 

developing method . Spacial resolution on the film ranges froZl. 20 to 2.5 

line pairs per r.-:illimeter or 25 to 200 microns. Operation of this 

device is supported by D1IS(see section 2 . 1 . 1 and section 2.2 . 2 . 5) . 

l.L:.3 Portable Color Video Cassette Recorder 

A portable color video cassette recorder (Panosonic 伽:rmi Vision II 

NV-8410) can be used to directly record (in VHS format) images from the 

co「iT.AL . Gas set te tapes produced in this manner can be played back on 

any VHS standard cassette deck . Since the CONTAL signal rate is 

different than what is necessary for cassette recording, speciol 

procedures must be followed before recording . These procedu;:-es r:.:re 

documented in the CSU COHTAL Users Guide . 
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Figure 8. GOES East visible full disk image reproduced by the Colorwrite 
Optronics C-4300. 



CHAPTER 2 

PRESENT USES OF THE IRIS 

This chapter describes the present capabilities of IRIS . The 

first part of this chapter describes the Data lfanagement System (DNS). 

The last part describes specialized uses of IRIS . 

2 . 1 DI、15 OVERVIE口

D}1S is a VAX implemented system for managing meteorological data 

sets . It was designed to be a device- independent, interactive data 

handler which is modular , expandable and flexible enough for a \•Ji<le 

range of r.1eteorological applic2,tions . 

DMS includes a user interface, TAE (Transportable Applications 

Executive) from NASA/GODDARD . TAE is a collection of " executive" 

programs which interact with a user to rnanaee the execution of 

ap1lication programs . The purpose of TAE is to: 

- Standardize the user interface to application programs. 
All applications programs running under TAE have a 
consistent, friendly, hm~an interface . Since TAE is 
to be imple面ented on several computer systems, the 
interface is standardized among several computers . 

- Shield the user from the host operating systeu . The TAE 
user does not have to know the command l::i.ngur.:;e of the 
host computer . TAE manages the entire interactive 
session. 
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- P?ovide a user-friendly enviror:ment . TAE is designed 
to be operated by the first-time user and the experienced. 
user . Features e:;dst to request assistance from 「AE at 
each stage of an interactive session. 

The user has facilities available to operate TAE in one of three rr..odes: 

一 Henu mode, where the user selects from a list of options 
presented on a CRT . An entry in a menu refers to an 
application function or to another 1nenu . 

- Comrnand mode, where the user communicates with TAE via a 
simple com.. and lan~uage . 

一 Tutored Input 1:1ocle , where the user establishes and reviews 
a set of parameters to be supplied to an applications 
program . 

TAE is designed to be user-friendly : for example, typing "EELP" 

1n response to a TAE prompt causes TAE to display instructions for using 

the current mode . 

Also included in DHS is a data base . Each user has his own 

personal copy to which he can make additions, modifications, or 

deletions . It contains descriptions of any data set (usually image 

data) with which the user is currently working or has worked with in the 

past and chosen not to delete . It also contains tiL"le dependent 

information such as navigation parameters , and area dependent 

information which aids the user in specifying a geographical area of 

interest . 

Data han<llin6 is segregated into two general sets of pTocessin3 

software pertinent to: (1) ima6e type files such as satellite and radar 

scans, and (2) sparsely located surface a.nd upper-air observations and 

6rid files uhich are handled as graphical inforr,1ation . At present, DriS 

supports handling of image type files only, however, special routines 

are presently available for graphicr..1 data manipulation (see section 

2 . 2) . 
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2 . 1.1 丶丶'「 I' .... . D::s l.'enu JescriPtioi1s . 

The D:IS supported processing software is presented in a u2nu 

formBt . The following root menu of DliS is used here to organize into 

groups, similar type routines . 

Root ~1enu: 
1) V~IS operations. 
2) RIM database operations . 
3) TAE operations . 
4) Rmv data operations . 
5) Image data bA.se operations . 
6) l~avigation data b2se operations . 
7) Other dcta base o咋rations.
8) Image 函anipulation operations . 
9) COHTAL operations . 
10) C omposite image operations and Optronics Colorwrite procedures . 

D 醞。perations
Operations provided by the VHS command language . Operations 

include file directory , file delete and purge, copyinL , logical n2.mc 
comr.1.ands, etc . 

2) RIM d 噌—ataDase q erat10l1S 
Basic I'-.II'databese operations , such as database compressing and 

the RIM query language . RIN query language allows the user to look 
d辻ect ly into the user database . 

3) TAE —°perat10ns 
Provi{les functions performed by TAE (user interface) . 

4) Rav ` －严。perat10ns
.-Opera訌ons that 工unction on raw data sets . Normally, an input 

processor is run from this menu which \-,ill translate rau inage data 
such as Goes VIssr~ , 屯TEOSAT , and ODIS (see Appendex P) i~ngry 
into DHS standard iraage data formats . Other programs provided 
are general and specific tape file analizers . 

5) 三 data b 2Se operat1.ons 
. Operations thnt are used to 1i1anage image data sets -- operations 

such as displaying image parameters , copying, deleting , renaming , etc . This 
r,1enu also includes 
programs used to archive and retrieve iiilagcs from DHS archive forrnat 
tapes . 

6) iIavigation 1 catabase operat1011S 
。per2.tions dealing uith s.:1tellite navigation data contained 

in the database . Operations include displaying entries present in the 
c!atabase, deleting entries from the database, inserting and extracting 
entries from the database , and performing landmark navigation 
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7) 卑． detabase o3 辶 :.-aticns
01)erations that c.s... le...: erformed on 2.11 othe:r database entries. 

The database iun~c structure definitions, sector def.initions, arid 
coordinate syster,1 projection definitions c2n be defined, deleted or 
listed by prograns fro-:n this menu . 

8) iiaage man1.pu1at10l1 operat1ons 
Operations that can be'1Fplied to images . Programs here include 

?aL,e2-4 

functions to extract a sub-region of an 訌a0e, zoom, reduce , and remap 
i1u.ees . Al so included are va「 ious other ir.ia。 e manipulation routines . 

9) C0噴AL operations 
Operations that are pertinent uostly only to i1::1.ages resident in 

the COl~TAL . Included are programs to upload and dminload co:ITAL.nacros, 
send com四ands to the COllTAL, plot standard 訌a巳e annotation, plot 
gco-pol這cal datasets, rec::.<l the COl·ITAL 七 arget position, ar..d perform 
image pizel analysis . 

10) ~肆戸 0Derations 草 0ptronics Co1orvrite 
Composite il:l.age operations nnd procedures used to sinplify 

writing out images to the Optronics Colorwrite syste·.,1 . 

2 . 2 SPECIALIZED USES·OF IRIS 

Specialized software which is not nee es sarily supported by D~IS, 

but made available to users is presented . In many instnnces , Db:S is 

used to manipulate data (e . 3 . display VISSR datu) in anticipation for 

use by the following specialize<! routines . 

2 . 2 . 1 Cloud Climatology Relo.ted Programs 

2 . 2 . 1 . l Softw3re Developed For CSU ' s Support To HIPLEX -

Software developed for CSU ' s support to HIPLEX ere described 

(Reynolds and VonderHaar 79) . These programs run on the VAX 11/780 . 

JOYO - This is a user interactive prcgrar.1 which uses tis input a 
displayed VISSR infrared or visible image . This program 
allows the user to define a brightness threshold 
differenciating cloucl-r..o cloud for input to the CLOUD 
program . It passes to tape the coordinetes, the threshold, 
and the user defined cloudy area of interest . 

CLOUD - This progra1:1 reads the tapes produced by JOYO and outputs 
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on(! record f0r each cloud found tc tape. 

FIX - This progrm.1 elirainntes bad or duplicate header records fro.n 
CLOUD output . 

SPLIT - This program splits outpu七 from FIX into four categories ; 
VIS I吒S , VIS BGS , IR 皿S , IR BGS . 

VAX SORT UTILITY The VAX SORT UTILITY is used to sort each of 
the four files produced by SPLIT . The SORT is with 
respect to date, time, and cloud size . 

CLFREQ 一 This program uses the sorted VIS files to calculate cloud 
statistics on a daily and seasonal basis . The frequencies 
acummulated a::-e for : 

a) Time versus number of clou<ls for the entire area 
of dinplayed iraage . 

b) Time versus nunber of clouds within 150 km of 
reference . 

c) Size vGrsus nur.-tber of cloudn for the entire area 
of the displayed image . 

d) Size versus number of clouds within 150 km of 
reference . 

) Di e) Direction versus numi)er of clouds for the ent]_re 
area of the displayed image . 

f) Direction versus number of clouds within 150 km 
of reference . 

g) Distance rnnge versus size of clouds versus 
number of clouds . 

IR.ANAL - This program uses the sorted IR files and prints the 
follouing on a daily and seanonal basis: 

e.) Te1t1perature (at specified intervals) versus 
number of clouds . 

b) Nura.ber of clouds for each temperature interval 
versus time . 

c) Ti1:1e versus nu@ber of clouds £or each temperature 
interval . 

CLDSEP - This prog].- am calculates tle ninimum separation distance 
bctweer.. clouC:s of similar size at a given date/time . 
The output is a plot of relative frequency versus 
radii apart for each cloud [jize range . 

Pa;e 2-5 

For more information 2.bout these programs the render is refer-r-ed 

to Hr . Behunek (303/1~91-8398) . 
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2.2 . 1 . 2 ~e:gional Scc.ie Cloud P2.rametcr ::)etcn~.ination -

DHS supported softuare was develoµ,2d to sa 七 isfy requirerr.ents to 

determine cloud parameters for input to an EPA regional sc.::.le pollution 

model (Vonderhaar,Behunek , Laybe , 83) . These prograns are supported by 

DMS . 

The cloud parameters determined 1>1 these programs are total cloud 

amount , cumulus cloud amount und either a frequency distribution of 

cloud top temperature uithin eacl: grid cell (program CLDFREQ) o.l. a mean 

cloud top temperature uithin each grid cell (program CLDSTAT) . The grid 

cells are rectangulrrr with respect to earth coordinates (latitude and 

longitude) and their size is variable e.ccording to user specification . 

These proe;rans utilize an interactive technique which 1.s 

bispectral in nature . Simultaneous analysis of coincident (in space and 

time) visible and infrared images allo-.:·1 the user to distinguish cunulus 

clouds from clouds of other types . 
q 

is illustrated in Figure /; -. 瓦 1.S

The physical basis for this m~tho<l 

founded on the observa 七 ion that 

different cloud types usually fall on different parts of a two

diu·1en::;ional histogram of visible brightness versus infrared bri6htness . 

For instance, ci「rus clouds cppear colder than the underlying surface, 

bu.t they generally are slightly darker in the visible wavelengths than 

deep cumuli . 

Thresholds for the visible and infrared channels a.re interactively 

selected by color coding thGir effects on the cloud classific2.tion 2.nc 

displaying the result on the COhTP..L monitor . The color coding of the 

cloud classification is facilitated by a hard-wire function built iuto 

the CO:tITAL which is -::eferred to as the classifier (see IRIS Users 

Guide) . Once the user is satisfied ~:rith the selected thresholds th8 

programs are allowed to separately count the number of picture eler..1ents 
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(pixels) w:iich correspond to cumulus clo~ds an<lother types of clouds. 

These figures are then cor.,2iled into statistics of cloud parn.meters for 

en.ch grid cell . 

An important consideration reguarding the rather large are~ 

covered by a single infrared pixel uus taken into account. Because ~ar"!.y 

cumulus clouds were smaller than the projection of the infrared sensor's 

field of view on the earth , the satellite- observed temperature fo1· a 

spot including such a cloud uas contaminated by the apparent background 

surface ter:1perature . This effect was corrected by computing the cloud 

top te坦peratu1·e as a function of the observed ter::iperature, the 

background surface temperature, and the percent cloud cover . The 

weighted brightness temperature of a single observed IR pixel is given 

by : 

TO= N x TCT + (1 - H) TB (1) 

where TO is the temperature of the observed pixel, TCT is the cloud top 

temperature, TB is the bacl~ground surf ace temperature , and r1 is the 

fractional cloud amount within the IR pixel . This equation was inverted 

to give the cloud top temperature : 

TCT =-= (TO - Cl - N)'i'L)/N (2) 

In 2pplying Equation 2, TB was estimated from the minimum TO within the 

grid cell being processed , and N was calculated from the higher 

resolution visible che.nnel . For more inforr.1ation concerning these 

programs the reader is referred to Hr令 ． Behunek (303/ Lr91 - S398) . 
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2.2 . 1.3 Clou(l Lifei.:i「 ．̀e fa_na ly sis -

!.\ specicl p1·ocram has been developed to dingnose cloud life 七 ir11CS,

areas, 1::.araNeters, anc cloud top temperatures through the analysis of 

coincident VISSR visible and infrared "P . .APIDSCAN" data (3 minute 

freque卫cy) . This program allo·ws the user to define a cloud fror.1 the 

background scene by using a thresholding technique of the CO澶AL.

Another fc..cility of the COHTAL ~llows the user to LOOP consecutive 

visible images to determine how the cloud changes and its ultimate fate . 

This prograr.1 is supported by DHS . For more in工 ormation about this 

program contact 瓦r . Behunek (303/491-8398) . 

2 . 2 . 1 . 4 ISCC? - 

CSU is responsible for VISSR data collection for the Internatior!al 

Satellite Cloud Clinatology Project . This is an ongoing project to 

acquire global scale cloud climc:tologies . This responsibility to 

collect full disk visible and infrared from GOES 打est requires intensive 

use of the DRSES . Special collection routines were developed to satisfy 

these requirer.~ents . Automatic cloud analysis routines are currently 

being developed for this project . For more ir.formation concerning 

ISCCP's use of the DRSES contact Dr . Campbell (303/ll-91-8497). 
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2. 2. 2tmere Co「」pc s it i~ 

The ter1,.1 co!:1.positing is used to ref er to either avera6ing any 

number of images or the procE:ss of CTapping a collection of subimar:;es to 

create a larger inage. The difference betweet: the two r.1eanings of 

composite are diagraned in the figure below . 

Composite Averaging*******Composite of Subimagos 

．工 . 二
二

二
二

The compositing of subimagcs to create a larger imllge is a useful 

routine to prepare an output image for the Colorwrite (OPTRO「TICS).

These routines 2re supported by DNS and thus are presented in section 

2 . 1 . 1 . 

Composite averaging is not supported by m-:s and special procedures 

are necessc:.ry which utilize facilities of both the VA..X 11/780 and COHTAL 

VISION ONE/20 . The co茁posit average technique has been extensively used 

bv many different users for rr、tany different purposes (Kelly, 83; Klitcu, 

「onderHc!ar, 82; Reiter et . a 1 . , 83; Weaver, Kelly, 82) . For an 

examr>le of a composite (~~,1erage) product see figure 10 . For inforraation 

concerning the specific COlITAL conmands and VAX prograr.1s necess:}.rv for 

ir::c:ge cor.1positine contact 

references . 

Green (303/491-SL:-48) or see the 
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直gure 10. Compos這 images showing percent occurance of 
convection for the month of August 17Z (Top) 
23Z (Bottom). 
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2 . 2 . 3 Other Special Uses Of IRIS 

2.2 . 3 . 1 Estimated Satellite Products (ESP) -

Software was developed which used digital satellite data to 

monitor the accuracy of model output der·ived cloud fielcs (Reinke 82; 

Reinke, Lc:.ybe, 82) . Cloud fields are produced from ceiling and clou 

amount forecasts based on Hodel Output Statistics (HOS) equations run by 

the National Weather Service . These cloud fields are displayed on n 

coordinate display of digitized GOES satellite data . The model output 

cloud fields are displayed over a 12- hour forecast period to depict what 

the satellite cloud field should " look like" at some future time . l·用en

~he GOES satellite images are received, they are used to varify the 

model output fore cast performance end an assessr.1ent is made to accept o:r 

alter the forecast . 

Soft,..,-are was developed to satisfy the above mentioned technique Ly 

displaying the ~odel output cloud fields and the GOES satellite data on 

both the COr·ITAL and an ordinary line printer (see figure 11) . 



PRESENT USES OF THE IRIS Page 2-13 

Figure llA. Model output cloud fields displayed on the 
Comtal Vision One/20. 
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Figure llB. Combined display of satellite, model output cloud fields, and bridge. 
Bridge is a display of satellite fields greater than'S', and ESP 
fields greater than'9'. 
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2.2.3.2 S&tellite Plus Radar Display -

An operationally oriented forecast product to present both 

satellite an<l radar data for analysis of severe thunderstorms has been 

developed (Green,Parker 83;Parker 83; Purdum,Green,Parker 82). The 

satellite and radar merged product (see Figure 12) is generated uith 

ccrrently available data and can be computer assembled in a usable ti五1e

frame and,-1ithin reasonable computer resource limitations . 

The satellite data used is a "smoothed" GOES VISSR infrared image 

rern.apped into a polar stereographic coordinate system . A七 present, the 

NCAR doppler radar images are produced at NCAR on a similar VAX-COHTAL 

imaging system , written to tape , and then read into the IRIS . Future 

plans to have NCAR doppler radar (CP2) available through computer links 

to PROFS during the surainer of 1983 and the necessary software to resd 

and format the radar data wil 1 permit near real-tir.1e use of this product 

at CSU . This software is no;-J available and will soo1;_ be operational m. 

the VAX. Also, it uill soon be possible to use the 1-TTJS rada.r data 

presently being sent to CSU from PROFS with this product . 

Some points to consider concerning the r:1ergcd satellite and radar 

products are included here . In order to werge the satellite data with 

the radar data the satellite data is remapped to the same coordin2te 

projection as the radar data . There is a time matching problem (plus or 

minus 5 minutes) due to the different ways the two tyi:.es of data are 

collected . Navigational errors inherent in both the satellite and rads.r 

data :reduce the accur2.cy of loc2.ting areas of interest . Optical 

parallax due to the satellite view angle and cloud height is another 

problem inherent in this product . Finally, a perception problem arises 

1.:.. 
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due to the wav the sate 1 lite c2nc1. ra<l.::r 远ta a哀 on the CO:ITA ..... 

i:aaging system . For exauple, co lorin..; 。f ccrtc.ln reflectivity r• 

alues mav blen nc obscure iL1portc1nt satellite data . For furtne 

information contact Nr . Green (303/L:-91-844-6/ . 

Figure 12. Satellite and radar merged product. 
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2.2 . 3.3 Sparse :i::ita GY.:it)hical Display -

只ou.tines are available which plot surface dat..1 in the standc.rd 

station model format . These data 2..re earth located and plotted in the 

appropriate position with respe c t to the satellite navigation . These 

routines specifically plot PROFS mesonet data (see figure 13) and DCP 

data . For more information contact Hs . Kruidenier (303/491-8498) . 

Routines are also available which will plot wind barbs . These 

data are plotted ·with respect to screen coordinates (see figure 14) . 

For more information contact Hr . Laybe (303/ 491 - SL:-23) . 

2 . 2 . 4 Other Useful Routines 

2 . 2 . L} . 1 Meth And Statistics Libraries -

Two INSL (Inter-national Hath and Statistics Libraries) software 

packages are currently available on the VAX (see references) . They nre 

abbre~ statistics and mathematics routine libraries . These 

packages can produce FORTRA!1 code for the user . For more information 

contact l·!r . Allen (303/L~91-8Z33) . 

2 . 2 . 4 . 2 Monte Carlo n.adiation Program -

A Monte Carlo radiation program is available on the VAX . For more 

information contact Hr . Durkee (303/491 - 8398) . 

2 . 2 . L:. . 3 Elevation Database -

An elevation database for the western United States is on the VAX . 

It can be used with images , graphics , etc . For an example of this 

database displayed as an image see Figure 15 . For more information on 

elevation database contact Hs . Kruidenier (303/491-8498) . 
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直gure 13. PROFS mesonet data (temperature 
and winds) plotted over satellite 
image. 

Figure 14. Wind vectors plotted over satellite image. 
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Figure 15. Elevation data base for Colorado. 
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2 . 2 . L~ . 4 Visible Brightness Norr.wlization For Solar Eleva 七 ion -

A ·1)rogram is available which performs a brightness norualizatioL. 

for solar elevation (see IRIS Users Guide). This program uses as input 

a displayed visible image on a COHTAL image frame and out·~uts c; 

norr.1alized 訌age on another COlITAL image frame . To allow the user to 

norm::.lize part of the ir,1age , the x , y coordinates of the upper left hand 

corner and the lower right hand corner must be entered interactively to 

the program . 

The algorithm used to normalize a pi:t:el is docm:iente<l on Pages 

23-24 of Air Force Surveys in Geophysics, No . 377 , "Estimates fro, 

" Satellites of Heather E「osion Paraneters for Reentry Systems" . 

2 . 2 . 4 . 5 Parallax Correction -

A program is available which performs a parallax correction 

necessary to accurately earth-locate clouds, esrecially clouds with 

great vertical extent such as cumulonimbus clouds (see IRIS Users 

Guide) . Input is the latitude, lor.gitude and height as seen fron eitner 

the GOES East or V.fest satellite . Output is the corrected latitude and 

longitude and the displacer:1ent in kms between the noncorrected 2.nd 

corrected earth loctions. 
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FUTURE USES OF IRIS 

3 . 1 ADDITIONS TO IRIS / DRSES 

3 . 1 . l Data Collection Scheduling 

Routines will be available which will facilitate the routine 

collection of VISSR , VAS , and DCP data . These routines will also make 

these dat2 easilly available to users of IRif . 

3 . 1 . 2 Hercator Image Remapping 

A mercator remapping projection will be added to DNS remnppinG 

routines . At present m,15 supports remQ「ping to polar stereographi..:, 

lambcrt conformal an<l a user defined coordinate system (see section 

2 . 1 . 1). 

3 . 1 . 3 Hath And Statistics Libraries 

邙e~ II.·iSL (International Hath and St.::itistics Librury) 

package will be installed and made available later this year . These 

libraries will reside o-a the VAX . 
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3 . 1 。 l令 Grnph ?lottin0 

A graph r,1akinp; package (GPAPHVA霆）元11 be purcha£ed later this 

year . This package contains canned procedures for graph making . 

3 . 1 . 5 Cloud Tracking 

An interactive cloud tracking program is currently being developed 

w·hicl: can produce a field of.Q_loud 且otion 又ectors (CHVs) from up to 

seven VISSR visible or infrared images. 

This pro:;ram allows the user to zoom in on the cloudy area to be 

analyzed to better delineate fine scale features of the clouds . The 

image looping feature of the COM'TAL is then invoked by the program to 

inspect the zoomed area in the successive manner . This pe1111its the user 

to easily follow and isolate a particular cloud . Once the user has 

isolated a suitable cloud , the last image is roau1ed so that the location 

of the cloud in the last im2.ge matches the location in the first inage. 

The program then computes and plots a velocity vector for that 

particular cloud . A redisplay and loop of the seven i罩ages in a clou<l 

relative format is done such that the analyzed cloud does not move fro1;1 

the first image to the last image . This looping of the cloud relative 

1.mages checks the c1,.iv by making sure the user is trad<.ing the sarr.e 

cloud . If for any reason the computed Cl,'fV is not satisfactory, the CEV 

r,lay at this poir.t be deleted and the process repeated until the desi:ce<l 

field of C啟 ' s are generated . 

Tru.e stero images will be used to determi五c heights for each of 

the computed Cl-'iVs . Divergence, vorticity may be generated fron the 

computed fields of Ci:啊 after an interpolation to a grid is accomplished. 

Streamline and iso 七 2.ck 2.nalysis can also be displayed over the CI~' 
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field. 「oi.: r..ore ini"ormation contact l.1r . Purdom (303/ L~9l-[Vi.!+3). 

3 . 1 . 6 Graphics And Sparse Data Plotting 

DHS will support graphical display of sparse data sets for 

specific locations and time periods desired by the user . The data sets 

must be supplied by the user , althout;h some data types can be acquired 

-i:·:,ith the dedicated links to other data bases, such as the Bureau of 

Reclamation or PROFS (see section 1 . 3 . 1) . Once the data set 1.s 1.n 。

suitable format for the DHS plotting routines, many options for 

alternation of the display format are possible by requiring the user to 

write a specific preprocessor for each data type . 

3 . 1 . 7 DI-3000 Graphics Package 

DI-3000 is a device independent graphics package created and 

supported by Precision Visu2ls Inc . of Boulder, Colorado . The graphics 

package consists of an extensive set of Fortran callable subroutines 

that perfor111 various graphics functions . Device independence allows for 

the output of a graphics routine to more than one graphics device 

without the need to alter the routine . 

DI-3000 is divided into three levels of capabilities : A, , R- d n ^J 

C. This facility has acquired and supports levels A and D. Level A 

simply allm-1s output to a graphics device while Level B allows both 

input a.n<l output to and from the device (the device 1i1ust be 

interactive) . 

The graphics devices presently available on the VAX for use,,itl 

DI-3000 are : 

AD芷5 Retrographics T.,eruinal 
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一 Intercctive Ccpabilities 
一 Tektronix L:-C 27 irmlat ion 
- 6L}0 x L:-8C r.eso lut ion 

ZETA 8 Digial Pen Plotter 
- Output Device Only 
- Calcomp Type Pri·,:nitives 

(transparent ender DI-3000) 
- Virtually Continuous Resolution 

Line Printer (DEC LA-120 DEC\JRITER III) 
一 Output Device Only 
- 60 1: 132 Resolution 
- Low Quality Econor~y Graphics 

PVI DI-3000 Standard Hetafile 
- Output Device Or1ly 
- Graphics Recombination and Processing 

Capabilities 
- "Off-Line" Graphics 

Pa.::,e 3-li. 

The COl·ITAL Image Processing system. 這11 also be available in the 

future . For more information contact Er. Naqvi(303/Li-91-8363) . 

3 . 1.8 !TCAR Graphics Package 

NCAR graphics software will be supported by DHS in the future. 

These routines will utilize the DI-3000 graphics primitives nnd outr,ut 

gy-aphics products to the cevices mentioned in the previous sectior.. The 

c::.:.pabilities of the NCAR graphics software include routineG fm:· 

stream.lins,contouring , and velocity displays . 

3 . 1 . 9 VISSR At窋ospheric Sounder (VAS) 

The VAS , cnrried onboard the GOES satellites, is a radioneter with 

8 visible ch2.nnel detectors and 6 thermal detectors that detect infrared 

radiation in 12 spectral ban~s . A filter wheel in front of the detector 

is used to achieve the spectral selection . The spatial resolu.tior: is 
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0. 9 :dlo:~1e:ter in t「 e visible e,_1d 7 or 14 kilo·, __ eters in the inf::-arec 

(． e;） enCi巴 or~ the detector used . 「u11 eartI.- disK cove-J...age 1.S 

accomplished by spinning in the uest to east direction o.t lOC RP!: c1~1d b.1 

stepping a scan mirror from north to south. Additional VAS instrument 

cnr.racteristics are summerized in the following table . 

Spectral Central Central Weighting Function Absorbing 
Typical 

Spin 
Channel Wavelength (µm) Wavenumber (cm叮 Peak (mb) Constituent Budget* 

1 14.7 678 70 co 2 

2 14.5 691 125 co 2 

3 14.3 699 200 co 2 

4 14.0 713 ` : 500 co 2 

5 13.3 750 920 co 2 

6 4.5 2209 850 co 2 

7 12.7 787 surface H 2 O 
8 11.2 892 surface window 
9 7.3 1370 600 H 2 O 

10 6.8 1467 400 H 2 O 
11 4.4 2254 300 co 2 

12 3.9 2540 surface window 

*Number of spins sensed by the same detector with itlter and mirror positions fixed. 

The VAS has three operating modes : the operation&l VISSR r.iode, 

the uutispcctral ir.1a~ing (llSI) mode , and the dwell sounding (DS) mode. 

The operational VISSR mode is used by UOAA/HESS for its operational 

products, uhich include a visible picture and an 11-micrometer infrared 

(channel 8) picture at half- hour intervD-1s . The other modes are Vr.\S 

unique . The 11S1 node combines the operational VISSR capability (vis的 le

plus infrared window) with two additional spectral channels to provide 

half hourly full earth disk imagery of atmospheric w,:;.ter vapo..., 

ter:iperature, and cloud distribution . The DS mode is used primarily for 

sounding to obtain the temperature and moisture profiles . Ir:. this r .. 1oce, 

nultiple spins on the same scan line in a given spectral band are 

averaged to obtain the required signal-to-noise ratio for soundinL,. 

2 
4 
7 
7 
4 
7 
3 
1 
9 
2 
7 
1 
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process only VISSR imase d<J.ta) . At present the new frame 

sn:」 c:-~ronizer/ sectorizer can process VISSR i1aage data as before &nd is 

being debuged for VAS image data processing . The VAS/VISSr.、

frame/sectorizor will be able to collect a full resolut.:.on image of 

interlaced image data (VAS/VISSR) to tape . Disk routine necessary to 

store these VAS/VISSR data will be written afte1· the sectorizing 

routines are finished . The end result will be a Vl:-.. S tape/disk file 

which,-:ill re8er.1ble the present VISSR tape/disk file . 

3 . 1 . 9 . 2 IRIS Support For VAS -

Support of VAS d2.ta similar to what can be done with VISSE <la.ta 

(e.g . imaGe display and navigation) is underway. Temperature retrevial 

softuare aquired from the University of Wisconsin is working on the VAX 

11/780 . This software is documented and available frot」汀·£ . Robe£ 七

Green (303/ l.J-91-8Li-46) . Navigation of VAS data is described in a CIR/ 

publication (Saufley, 1982) . 
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ASSOCIATED RESEARCH EQUIP11E訌

Suomi Sony Video Cassettes Archive Systc • .1 and the ODIS 

VISSR image data can also be output to a high density <lat:; 

archiving device designed by the Space Science and Engineering Center 

(SSEC) at the University of l·:isconsin . The unit is based on a modified 

video tape reco!'.'der with storagae me<lium being video cassettes . All 

data received by the antenna is recorded (full-disk ancl . 5 mile visi!)le) 

i1ith one cr.ssette holding about four hours of data . The cassettes 1.1&y 

be played back throu6h the DRSES sectorizors as if the cata strea亡：，1ere

from the antenna or the cassettes nay be read on an Qffline 卫ata 玉ngest

緲stem (ODIS), 2lso desiened by SSEC, which produces conputer corr.p~table 

nine-track 1..1agnetic ta「'es with user-specified sectors of full iu1ages. 

This record/playback syster.1 allows great flexibility for short-terGi 

p:cojects since all data over a span of a few hours to a few days may be 

economically recorded and, after the fact , processed for only those 

imnges specifically needed . Also , it provides for an archive back.Ul) to 

the rest of the DP.SES in case of equipment failure . Procedures for 

operating the c~ssette archive system are located with the systen as is 

the procedural nanual for the ODIS . Procedures to input ODIS tapes into 

I瓦IS ~re documented within DHS (see section 2 . 1 . 1) . 



AS3CCIATED !n3SEARC2 3CI!I?:I?!? P2se L-2 

-`.'). 1 ?ine Le'se Vi¢eo 立pe I:ccorder Ar..d Canera Syscern. 

This system consists of u P2nasonic Time Lapse Video Tape P,.eco:r<ler 

1::v-8030), a Panosonic Black arid 籽hite Cameza (t`7-i35O) , a Time-Date 

Generator (HI-800) , and a small black and white television 1i1onitor. The 

video recorder uses O. 5 inch open reel video tape and recm.:ds in onl ~ 

black and white . Time recording speeds permit real-tine recording at 30 

video frat"!es per second down to 1 frame every 2 seconds (at normcll 

pl.:i.yback speed this a.T:lounts to about 120 x tine compression) . A full 

reel of tape "t.;ill hold about 120 hours of data . 

The car.i.era has a EevNicon tube which has r-,reai:er sensitivity than 

a standard. Vidicon te.be , has less of a tendency to "burn-in" 011 c 

stationary scene and has a peak sensitivity close to the near-infra1·ecl 

region which provides greater clefinition of cloud structures . Tuo 

lenses are available -- a 65° and a 95° angular field of view . The 

r;,iiae/Data Generator provides a signc.1 which inbeds a time/ data 

anu.otat ion into the video signal before being recordec . This i.!1.eans eacl1 

video frame is documented to the nearest second . For more infornG.tior: 

cont3.ct Nr . Green (303/ l~91-84L}6) . 

A.0 . 2 Laser Videodisk Player (Pioaeer PTI.-8210) 

A laser disk player which can "play" laser ti.:.s:c. recordings 1s 

available for departraental use . A disk of over 20,000 images of PROFS 

products from 1982 is available . For ti.ore i!1£ormation contact l•:r. 

Robert Green (303/ 491-Sb.-46) . 
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