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ABSTRACT

ehtgnisuerudecorppetsybpetsahguorhtredaerehtsediuglairotutsihT
imagery commands available in the Geographic Resource Analysis Support System

anismargorpgnissecorp-egamiSSARGehtsebircsederudecorpehT.)SSARG(
sequence that is often used in image processing, starting with loading imagery data

,raenileroferehtsierudecorpehT.tigniyfitcerdna,atadehtgniyfissalc,SSARGotni
but does branch occasionally to describe alternate directions when alternate paths are

noitanigamirehrosihesuotdegaruocnesiredaerehtlairotutehtgniruD.elbaliava
and knowledge of GRASS to identify non-imagery GRASS programs that may be

.spamdefiissalcroyregamilatigidwarotdeilppa
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NOITCUDORTNI.1

Within the last decade geographic information systems (GIS) and image-processing systems have
-olonhcetowtesehttahteriuqererutufehtfosegnellahcehT.tnempolevedyranoitulovenaenogrednu

gies be integrated. The Geographic Resource Analysis Support System (GRASS) integrates these two
.wolebdebircsederasegatnavdaesehtfoemoS.segatnavdasuoremunnignitluserseigolonhcet

A GIS has four components: a data input system, a data storage and retrieval system, a data
dnalaitapsedulcnistupniatadehT.metsysgnitroperatadadna,metsyssisylanadnanoitalupinam

thematic data derived from a combination of existing maps, aerial photographs, and manual interpreta-
ecnatsidemostaderiuqcayregamisiyregamidesnesyletomeR.yregamidesnesyletomerfosnoit

using a camera or a sensor. With a GIS an analyst can define spatial procedures to generate new infor-
-borpA.rebmittsevrahro,tatibahefildliwaevreserp,daoradliubotnoitacoltsebehtsahcus,noitam

lem exists, however, in that the input data on which a GIS is based become obsolete quickly. Remote
ninoitamrofnicitamehtdnalaitapsehtetadpuotsnaemevitceffe-tsocdnalaitnessenaeraatadgnisnes

a GIS. Remote sensing products are also valuable in themselves, as a cost effective source of geo-
,noitacolerutaeflacigoloeahcra,ytivitcudorpnoitategev,epytnoitategevsahcusnoitamrofnicihparg

water quality, and land use change.

An image-processing system has at least five elements: image input, image storage, image
:smetsysowtesehtfoytiralimisehtetoN.gnitropernoitamrofnidna,tnemssessaycarucca,sisylana

________________________________
GNISSECORPEGAMISIG________________________________

tupnitupni
storage storage

sisylanasisylana
accuracy assessment

gnitropergnitroper________________________________







  








-retsarasiSIGehtfI.metsyshcaerofsnoitcnuftnereffideriuqerstnemelesisylanadnatupniehtylnO
based system, the storage and reporting functions are identical. Some of the analysis functions may

-uorsisylanaSIGdradnatsyllautcaerasmargorptnemssessaycaruccaegamieht,elpmaxeroF.palrevo
tines. It seems natural then, that these two systems should be integrated.

nacylnoton,detargetnierasmetsysgnissecorp-egamidnasmetsysnoitamrofnicihpargoegnehW
the remote sensing data be used to update the GIS, but the GIS thematic data and attributes can be used

ehtsreffoSSARG,seitilibapacgnissecorp-egamidnaSIGgnitargetniyB.noitacfiissalcegamiediugot
analyst these advantages.

This tutorial guides the reader through a step-by-step procedure using the imagery commands
sitI.debircsedoslaerasdnammocSSARGyregami-non,elbacilppaerehW.0.4SSARGnielbaliava

assumed that the reader has a knowledge of the basic concepts of GRASS such as its raster (grid cell)
refer,stpecnocesehtfonoitpircsedaroF.snoigerdna,TESPAM,NOITACOL,sreyalpamsti,tamrof

to An Introduction to GRASS.

SDNAMMOCYREGAMIEHT.2

All of the GRASS 4.0 imagery commands begin with a lower case i followed by a dot. These
sisihttub,gnissecorpegaminidesunetfositahtecneuqesanilairotutsihtnidetneserperasmargorp

not the only order in which they can be executed. Please refer to section 14, A NOTE ABOUT PRO-
debircsederasdnammocyregamiehT.SEGAMIGNIHCTAP,51noitcesdna,ECNEUQESMARG

in this tutorial in the following sections.

noitcartxEepaT.7noitceS

i.tape.mss.h
ssm.epat.i

i.tape.tm
rehto.epat.i

sections 1,2
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hctertStsartnoCehT.8noitceS

i.grey.scale

etisopmoCroloCehT.9noitceS

i.composite

spuorGyregamI.01noitceS

i.group

Section 11. Targeting Imagery Groups

tegrat.i

Section 12. Image Classification

retsulc.i
i.maxlik

Section 13. Image Rectification

stniop.i
i.rectify

3. DESCRIPTIONS OF THE IMAGERY COMMANDS

oslaerasnoitpircsedesehT.dedivorpsidnammocyregamihcaefonoitpircsedfeirba,woleB
available by running the command g.manual from within GRASS. Typing the word g.manual will

llA.tuotitnirpotnoitpoehtresuehtevigdnamargorpSSARGynarofyrtnelaunamehtyalpsid
GRASS programs mentioned in this tutorial, other than the imagery programs, are referenced with their

.noiger.g,elpmaxerof,stekcarbninoitcesyrtnelaunam

IMAGERY DESCRIPTION
NOITCNUF

i.cluster – An imagery function that generates spectral signatures for land-cover types in an
roftupnisadesusielfierutangisgnitluserehT.mhtiroglagniretsulcagnisuegami

i.maxlik.

i.composite – An imagery function that creates a color composite image from 3 band files specified
.resuehtyb

i.colors – An imagery function that creates colors for imagery groups. This program is not yet
ecalperlliwtidetelpmocsitinehW.lairotutsihtniderevoctonsidnaetelpmoc

i.composite and the color option in i.group.

otelbatrolocelacsyerghctertstsartnocmargotsihasngissatahtnoitcnufyregaminA–elacs.yerg.i
a map layer.

i.group – An imagery function that creates and edits groups and subgroups of imagery files.

atadyregaminisecnatceflerlartcepslexipehtsefiissalctahtnoitcnufyregaminA–kilxam.i
based on the spectral signature information generated in i.cluster.

nanostniopmetsysetanidroockramotresuehtselbanetahtnoitcnufyregaminA–stniop.i
image to be rectified and then input the coordinates of each point for creation of a

SSARGehtroftupnisadedeensixirtamnoitamrofsnartehT.xirtamnoitamrofsnart
program i.rectify.

sections 2,3
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i.rectify – An imagery function that rectifies an image by computing a coordinate transformation
ehtybdetaercxirtamtneicffieocnoitamrofsnartehtgnisuegamiehtnilexiphcaerof

GRASS program i.points.

i.tape.mss – An imagery function that extracts Multispectral Scanner Imagery from half-inch tape.

lartcepsitluMtasdnaLmorfnoitamrofniredaehstcartxetahtnoitcnufyregaminA–h.ssm.epat.i
Scanner imagery data stored on half-inch tape.

TOPSdna).cte,PAHN(yregamilaireadennacsstcartxetahtnoitcnufyregaminA–rehto.epat.i
imagery from half-inch tape.

i.tape.tm – An imagery function that extracts Thematic Mapper imagery from half-inch tape.

yregaminarofNOITACOLtegratSSARGasehsilbatsetahtnoitcnufyregaminA–tegrat.i
group.

?YREGAMILATIGIDSITAHW.4

To perform digital image processing of remotely sensed imagery the imagery must be in a digital
otdetrevnocebnac)hpargotohplaireanasahcus(tamrofgolananiyllaitinisitahtyregamI.tamrof

digital format in a digitization process called optical-mechanical scanning. Film density of the blue, the
rof552ot0morfsegnartaht)ND(rebmunlatigidaotdetrevnocsisreyalnoislumederehtdna,neerg

the chosen sampling interval. The DN value 0 can be assigned to represent the lack of reflected or1

emitted electromagnetic radiation and the value 255 to represent maximum reflectance. An example of
eulbehtrofeno:sdnabeerhtsahegamilatigidgnitluserehT.sretemorcim001silavretnignilpmasa

emulsion layer, one for the green emulsion layer, and one for the red emulsion layer. The sampling
sitamrofretsaR.tamrofretsarniderotssihcihwegamilatigidehtnilexiptib-8enosemoceblavretni

a two-dimensional matrix composed of cells in which each cell has the DN integer value. The DNs of
detceflersitahtecnaidarevitalerehtetamixorppaylesolc)ytisnedmlfignitneserper(egamilatigideht

and emitted from the features on the ground within the sampling interval.

evitisopaidehtfoelacsehtdnalavretnignilpmasehtfonoitcnufasiegamiehtfonoituloserehT
being scanned. If the sampling interval is 100 micrometers and the scale of the aerial photo is

:sretem5sinoituloserehtneht,000,05:1

100 micrometers * 50000 = 5 meters

.detcellocerayehtsatamroflatigidniyltceridderotserayregamidesnesyletomerfosepytrehtO
The storage medium is usually half-inch magnetic tape in raster format. (Video imagery is also stored

sdnammocyregamioneraerehttneserptA.tamrofoedivlaicepsaniderotssititub,epathcni-flahno
in GRASS to read video data stored on video tape.) Examples of these other types of remotely sensed

-sySdna,)MT(atadreppaMcitamehTtasdnaL,)SSM(atadrennacSlartcepsitluMtasdnaL:erayregami
tems Probatoir d’Observation de la Terre data (SPOT), to name a few. Each of these types of data are

eht,rosnesehtfotcudorpasitahtegarevocfoaeranadnanoitulosercfiicepsasahhcaE.atadetilletas
height of the sensor above the earth, and the focal length. Like aerial imagery, the digital numbers for

noserutaefmorfnoitaidardettimednadetceflerehttneserperdna552ot0morfegnaroslaatadeseht
the ground.

The imagery programs in GRASS are able to read and analyze both digitized aerial imagery and
siyregamilatigidfosepytesehtgnizylanadnagnidaerrofecneuqesmargorpehT.atadetilletas

described in the following sections.

NOITACOLYREGAMIEHT.5

To use the imagery programs, GRASS 4.0 must be invoked by typing:

0.4ssarg

__________________

Imagery data is usually 0 to 255 but GRASS is not restricted to this data range.1

sections 3,4,5
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After typing this command and hitting <RETURN>, a screen is displayed that requires you to
.TESPAMdnaNOITACOLSSARGaesoohc

Before choosing a LOCATION in which to extract imagery, it is important to realize that raw
-idroocMTUasahcusmetsysetanidroocdradnatsahtiwdecnerefer-oegtonsiepatnoyregamilatigid

nate system or a State Plane coordinate system when it is captured or digitized. The imagery on tape is
epategamirof,eroferehT.derotssitihcihwnitamrofehtfosnmulocdnasworehtgnisudecnerefer

extraction, a GRASS LOCATION must be chosen that has an x,y (row, column) coordinate system.
esoohcnacuoY.yregamidemanNOITACOLetanidroocy,xnahtiwsemocSSARGfonoisrev0.4ehT

this LOCATION for imagery extraction, or you can create your own x,y coordinate LOCATION. You
ro/dna,tcartxeuoytahtsegamifonoitcellocroegamiyreverofNOITACOLy,xnaetaercottnawyam

you may want to use the x,y LOCATION, imagery, for general imagery tape extraction.

follA.metsysetanidroocy,xnahtiwNOITACOLaninurebtsumsdnammocepat.iehtylnO:etoN
the other GRASS imagery commands can be run in a LOCATION having any GRASS coordinate sys-

.met

5.1. Creating an X,Y Coordinate LOCATION

The procedure to create a LOCATION with an x,y coordinate system in GRASS is the same as
laicepstiremtahtsecnereffidwefaeraereht,revewoh,SSARGniNOITACOLynagnitaercroftaht

attention.

The first step is the same for any LOCATION: enter the new LOCATION name and respond
gnidaerelihW(.NOITACOLwenaetaercotekildluowuoyrehtehwfonoitseuqehtotylevitamrffia

this tutorial, you may want to follow along, implementing some of the commands, using imagery of
,NOITACOLetanidroocMTUehtniediseryllautnevelliwtaht,elbaliavafi,atokaDhtuoS,hsfiraepS

spearfish. spearfish is the sample database for GRASS. Therefore, for demonstration purposes, we
).yx_raepsNOITACOLy,xwenehtemanlliw

In the second step, you will be asked whether you have the information to create a new LOCA-
lliwuoy,NOITACOLenalPetatSroMTUagnitaercekilnU.ootnoitseuqsihtotseyrewsnA.NOIT

not need to have available information from maps or other reference materials.

:NOITACOLehtrofmetsysetanidroocehtyficepsotdeksaeblliwuoy,txeN

Please enter the following coordinate system information for
>yx_raeps<noitacol

0 x,y
1 UTM
2 State Plane
>

The code number for an x,y coordinate system in GRASS is 0. The code number for the UTM coordi-
,0retnE.2simetsysetanidroocenalPetatSehtrofrebmunedocehtdna,1siSSARGnimetsysetan

section 5
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.metsysetanidroocy,xehtrof

Then, the following screen will be displayed:

Please enter the following information for location <spear_xy>

:ELTIT

DEFAULT REGION

_________________________________________________ _________________________________________________
NORTH EDGE:0.00

EGDETSAEEGDETSEW
0.00 0.00

00.0:EGDEHTUOS__________________________________________________________________________________________________

NOITULOSERDIRG
East-West:0.00
North-South:0.00






















EUNITNOCOT>CSE<TIHSREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL)

-pameht,0.4SSARGniNOITACOLetanidroocy,xnaotniepatmorfdetcartxeeraatadyregaminehW
set region setting will be changed to match the extracted rows and columns from the tape. The initial

,NOITACOLy,xehtrofnoigertluafedasatpecxe,ecnacfiingiselttilfoera,neht,setanidroocpu-trats
which is a requirement for every LOCATION in GRASS. Any general coordinates, then, may be

:sagnolsa,noigertluafedehtsaderetne

1 The north and south coordinates are negative;

tsrfinesohcehtnahtssel5.0siegdenrehtroneht:5.ybtesffoerasetanidroocehtfollA2
row, the southern edge is 0.5 greater than the chosen last row, the west edge is 0.5 less than

;nmuloctsalnesohcehtnahtregral5.0siegdetsaeehtdna,nmuloctsrfinesohceht

3 The north coordinate is greater than the south coordinate; and

.tsewehtnahtretaergsietanidrooctsaeehT4

The reason the north and south coordinates are negative is because GRASS requires that the
othtronmorfesaercniepatehtnosetanidroocworehttubhtuosothtronmorfesaercedseulavnoiger

south. Assigning negative values to the rows allows them to decrease from north to south and, by
.detropererasrebmunwortcerroceht,sngissunimehtgnirongi

By setting the northern edge to 0.5 less than the first row, the southern edge to 0.5 larger than the
tsalehtnahtregral5.0otegdetsaeehtdna,nmuloctsrfiehtnahtssel5.0otegdetseweht,wortsal

column, the x,y coordinates (as integers 1 to n) become located at the center of the pixel and are then
.epatehtnosrebmunnmulocdnaworehtsaemaseht

5.2. Sample X,Y Default Region

section 5
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:ebdluownoigertluafedetanidroocy,xdilavafoelpmaxenA

DEFAULT REGION

___________________________________________________ ___________________________________________________
NORTH EDGE:-0.50

EGDETSAEEGDETSEW
0.50 1000.50

05.0001-:EGDEHTUOS______________________________________________________________________________________________________

NOITULOSERDIRG
East-West:1.00
North-South:1.00






















EUNITNOCOT>CSE<TIHSREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL)

.NOITACOLy,xynaetaercotdesuebnacsetanidroocesehT

6. REGIONS AND MASKS

All of the tape extraction programs (i.tape.mss, i.tape.tm, and i.tape.other) set the mapset region
eromfI.epatehtmorfdetcartxegniebtesbusegamiroegamiehtfosetanidroocnmulocdnaworehtot

than one image or image subset is extracted into the same x,y LOCATION, and the images or image
yalpsidot,neht,)snmulocdnaswordetcartxeehtnodesaberahcihw(snoigertnereffidevahstesbus

one of the image raster files in the x,y LOCATION, you will have to check the current MAPSET region
-orpSSARGehtesuotsisihtodotyawA.deyalpsidebotelfiretsarehtsehctamtitahterusekamot

gram g.region to see the current region setting, and to modify the current region setting. Use the
.gnittesnoigertnerrucehtyfidomotdna,gnittesnoigertnerrucehteesotnoiger.gmargorpSSARG

The presence of a mask in an x,y LOCATION also requires special attention. If a mask is set to
egamitnereffidayalpsidotsehsiwresuehtdnaNOITACOLy,xnaniegamienofoelfiretsardnaba

or band raster file in the same LOCATION, then the mask will effect the displayed raster file as well,
foyalpsidehtebyamtluserehT.yalpsidothsiwuoyelfiretsarehtottessinoigertespamehtfineve

a raster file composed of zeros. To avoid this problem, check to see if there is a mask by typing
.sliatedrehtrufrofksam.rrofyrtnelaunamehteeS.ksam.r

7. TAPE EXTRACTION

To load or read digital imagery into GRASS, four commands are available:

h.ssm.epat.i
i.tape.mss

mt.epat.i
i.tape.other

If the image is an MSS image the command i.tape.mss.h can be used to read the header on the
morfegamiSSMnafonoitroparoegamiSSMnatcartxeotdesusissm.epat.idnammocehT.epat

tape. If the image is a TM image, the command i.tape.tm is used to extract the image. If the image is
derotsepytyregamirehtoemosro,egamiTOPS,egamiPPAN,egamiPAHN,egamilaireadennacsa

on half-inch tape (except for video format), the program i.tape.other is used to extract the data from
.smargorpesehtfohcaeesuotwohsnialpxenoitcessihT.epat

7.1. Extracting MSS Imagery From Tape

Note: Please become familiar with section 6 REGIONS AND MASKS before running a tape extrac-

7,6,5snoitces
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.noit

7.1.1. i.tape.mss.h

This program is an imagery function that extracts header information from Landsat Multispectral
ehtrofedutignoldnaedutitalretnecehtsniatnocredaehehT.epathcniflahnoderotsyregamirennacS

image and the number of rows and columns in the scene. This information may be of use in locating
railimaftonerauoyfI.deriuqertonsiegamielohwehtfi,tseretnifoegamiSSMehtfonoitropeht

with MSS imagery, however, the header information format may be difficult to understand. This pro-
.ssm.epat.igninnurotroirpderiuqertonsimarg

To run the program, first mount the tape on the tape drive for the machine you are using and, at
:epyt,tpmorpSSARGeht 2

eman_evird_epath.ssm.epat.i

The tape drive name will depend on the system being used but it is sometimes of the form /dev/rmt0.
:emocebnehtdluowdnammocsiht,osfI

i.tape.mss.h /dev/rmt0

ehtdaeroT.neercsehtnodeyalpsideblliwnoitamrofniredaehepateht,sihtekilderetnefI
header information into a file (thereby saving it for future use), the output can be redirected using the

:dnammoc

i.tape.mss.h /dev/rmt0 > headerfile

.epatehtnosruccotahtnoitamrofniredaehehtniatnoclliwelfiredaehdefiiceps-resuehT

7.1.2. i.tape.mss

This program is an imagery function that extracts Multispectral Scanner (MSS) Imagery from half
.epathcni

Note: This program must be run in a LOCATION with an x,y coordinate system (see section 5, THE
.)NOITACOLYREGAMI

Before running a tape extraction, it is a good idea to check to see if there is enough disk space in
ebnacegamiSSMnanisetybforebmunehT.enihcamruoynodetcartxeebotselfiehterotsothcihw

calculated by multiplying the number of rows in the image by the number of columns in the image and
sworforebmunehtgninimreteD.detcartxeebotsdnabforebmunehtybrebmuntahtgniylpitlumneht

and columns in an image is explained in subsection 7.1.2.2., Row and Column Extraction.

:epyt,tpmorpSSARGehtta,ssm.epat.inuroT 3

ssm.epat.i

The first prompt in i.tape.mss asks for the tape device name. This is sometimes /dev/rmt0 (for a
.enihcamhcaehtiwseiravsihttub,)0061foytisnedepat

The next prompt is:

Please mount and load tape, then hit RETURN -->

__________________

MASSCOMP users may first have to assign the tape drive the appropriate density. Frequently, the density of the2

data stored on tape is 1600 bpi (bytes per inch). The relevant command to assign the tape drive is then usually assign
.x0061ngissaro0061

MASSCOMP users may first have to assign the tape drive the appropriate density. Frequently, the density of the3

data stored on tape is 1600 bpi (bytes per inch). The relevant command to assign the tape drive is then usually assign
.x0061ngissaro0061

section 7
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neercSnoitacfiitnedISSM.1.2.1.7

After hitting RETURN the first screen in the program asks for information about the data.

__________________________________________________________________
please enter the following information

:noitacfiitnedIepaT

Image Description:

Title for the Extracted Cell Files:

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
)LECNACOT>C-lrtC<RO(__________________________________________________________________












 













ehtdnarebmunDIenecsehtsretneyllacitamotuamargorpeht,redaehepatehtmorfnoitamrofnignisU
date of the image into the field for Tape Identification. The sun angles are automatically entered into

siti,dehcuotnutfel,tub,resuehtybdetideebnacnoitamrofnisihT.noitpircseDegamIrofdlefieht
accurate and informative. The user should enter other pertinent information and the title for the

otniyllacitamotuaderetneeranoitpircsedegamiehtdnanoitacfiitnediepatehT.selfiretsardetcartxe
the history files for the raster files by GRASS.

noitcartxEnmuloCdnawoR.2.2.1.7

The second screen is:

__________________________________________________________________
NOITCARTXEEPATSSM

please select the desired tape region to extract

)4892-1(_______:wortsrfi
last row:_______(1-2984)

first col:_______(1-3548)
last col:_______(1-3548)

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________




























ehtno)sorez(rellfignidulcnisnmulocdnasworfosrebmunlatotehterasesehtnerapnisrebmunehT
tape, which is obtained from the tape. This information and additional information can be obtained by

SSMehT.epatSSMnanonoitamrofniredaehehtsdaerhcihw,margorph.ssm.epat.iehtgninnur
header contains the scene center latitude and longitude and the number of rows and columns in the

,epatanoselfiforebmunehtedivorpdnaepatynadaeroslalliwmargorpepat.enimaxe.mehT.enecs
the number of records on a tape, and the record lengths. The number of records in a file is the number

.snmulocforebmunehtsihtgneldrocerehtdna,elfianisworfo

Any subset of the image on the tape can be extracted. To find the row and column numbers
:lufpleheranoitamrofnifosecruoslareves,egamiSSMnafotesbusayfitnediotdedeen

1 The information from the tape header

2 The corner point latitudes and longitudes of the image from the Landsat search printout

egamiehtfospametunim-51dnaetunim-5.7ehtfonoitisopehtfomargaidA3

4 The 7.5- and 15-minute maps of the image

7noitces
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elbaliavafiegamiehtfohpargotohpA5

6 A printout describing information about the image if it comes with the tape

nafodnabeno,elbaliavasiecapsksidhguonefI.lufplehoslaerasdnammocyalpsidSSARG
entire image or, one band of a portion of an image known to contain the area of interest, can be

.deyalpsiddnadetcartxe

The x,y coordinates of the displayed image can be echoed to the screen using the measurements
lliwsetanidroocesehT(.)tsar.dfoesuehtgniwollof(dnammocerehw.dehtro,yalpsid.dninoitpo

display negative numbers in the north-south direction but, by ignoring the negative sign, the correct row
).detropersirebmun

To find the area of interest using these display options in GRASS, the features displayed on the
-ital(egamiehtfosetanidroocnwonkehtspamehtnognitacolybspamehtnodnuofebnacrotinom

tude and longitude) and looking for the displayed physical features. If the latitude and longitude coor-
plehotdohtemeno,)spam00042:1ynam,elpmaxerof(sdnuobriehtnihtiwspamynamniatnocsetanid

locate the area of interest is described as follows:

1 Draw an approximate square or rectangle representing the entire image stored on tape.
dna)nwonkfitniopretnecdna(stnioprenrocedutignoldnaedutitalnwonkehtyfitnedI

mark these on the square. Section the "square" into a grid and approximate the latitude and
.noitcesretnidirghcaerofedutignol

2 Based on the known latitude and longitude corner points for the image, gather together all
rehtonawarD.gnol/talehtnihtiwdeniatnocerataht)elacsetairporppanafo(spamehtfo

square and section it into a grid in which each cell represents a map. Mark the latitude and
.noitcesretnihcaefoedutignol

3 Locate your area of interest on the square that represents the grid of maps (step 2).

uoy,"erauqspam"ehtnognol/talehtdna,"erauqsegami"ehtnognol/talehttagnikoolyB4
can determine in what grid cells of the image the features you are interested in lie. You

-inomyalpsidehtnoegamiehtfostnelaviuqellecdirgetairporppaehtotni-mooznehtnac
tor and try to match the features displayed on the monitor with those on the map.

-saemehtroerehw.desunacuoy,egamiehtnotseretnifoaeraruoydnuofevahuoyecnO5
urements option in d.display to determine the row and column numbers for the four corners

ebotnmuloctsaldna,nmuloctsrfi,wortsal,wortsrfiehteraseulavesehT.aeraehtfo
entered in the tape extraction screen.

If a photograph of the digital image is available, the rows and columns to be extracted can also
ehtnisnmulocdnaswornwonkforebmunlatotehthtiwsehcnignitaicossaybtimorfdenimretedeb

scene. For example, if the total length of the photograph is 12 inches, the total number of rows on the
,otohpehtfopotehtmorfsehcni2snigebtseretnifoaeraehtforenroctsewhtronehtdna,0002siepat

then:

12" / 2000 rows = 2" / x rows
333.333=x

The northwest corner of the area of interest starts at row 333. The starting row, ending row, starting
.rennamsihtnidetaluclacebnacnmulocgnidnedna,nmuloc

7.1.2.3. MSS Band Extraction
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:sineercstxenehT

__________________________________________________________________
detcartxetnawuoysdnabehtybxnaekamesaelp

_____1
_____2
_____3
_____4

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________
























ehtfollaecniS.sdnabesehtfotesbusaylnotcartxeottnawyamuoytubsdnab4sahyregamiSSM
bands can be extracted from tape now and gathered together in different combinations for different

:ebthgimsdnabrewefgnitcartxerofsnosaer,puorg.idnammocehtgnisuretalsnoitacilppa

1 For initial identification of the area of interest; extract one band first to locate the area of
ro,)noitcartxEnmuloCdnawoR.2.2.1.7noitcesbusees(tseretni

2 For application purposes; the application requires only the use of some of the bands.

emaNpuorG/xfierP.4.2.1.7

You are then asked to enter the prefix/group for the band raster files to be created. This name
gniwollofehtdetcartxeerasdnab3fi,elpmaxeroF.SSARGotnidetcartxeelfidnabhcaeedecerplliw

3 band files will result:

prefixname.1
2.emanxfierp

prefixname.3

gniebelfipuorgyregamiehtrofemanehtemocebyllacitamotuaoslalliwemanxfierpdefiicepsehT
created. Each MSS image (i.e., each MSS tape set) should be given a unique prefix/group name. Any

yregamiemasehtotnidetcartxeebnactesepatroegamiSSMenomorfstesbusegamiforebmun
group (same prefix/group name), even if they all have different row/column coordinates. Only different

-aerehT.spuorgyregamitnereffidotnidetcartxeebdluohs)stesepatSSMtnereffid,.e.i(segamiSSM
son for this is that the purpose of an imagery group is to identify raster files for classification and

.tesepatSSMottesepatSSMmorfyravseitreporpnoitacfiitcerdnanoitacfiissalcdna,noitacfiitcer

7.1.2.5. The Extraction Process

The extraction process will begin by first skipping the number of specified files, advancing to the
ehtnodeyalpsidsinoitcartxeehtfonoitelpmoctnecrepehT.epatehtgnidaernehtdna,worgnitrats

screen. If more than one tape is required to store the image, the program will pause and inform you to
.epattxenehttnuom

Note: After extracting an image from tape, the mapset region in the x,y coordinate LOCATION will
YREGAMIEHT5noitcesees(epatehtmorfsnmulocdnaswordetcartxeehtnopudesabteseb

LOCATION, subsection 5.1. Creating an X,Y Coordinate LOCATION, and section 6, REGIONS
.)SKSAMDNA

7.1.2.6. MSS Output

The extracted band files will be listed as raster files available in the current MAPSET and may be
.stniop.irotsar.d,yalpsid.ddnammocSSARGehtrehtiegnisudeyalpsid

Note: If more than one image or image subset is extracted into the same x,y LOCATION, and the
snmulocdnasworehtnodesaberahcihw(snoigertespamtnereffidevahstesbusegamirosegami

section 7
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extracted), then, to display a raster file in the LOCATION, you will have to check the current MAPSET
-ceseesnoitanalpxedeliatedaroF.deyalpsidebotelfiretsarehtsehctamtitahterusekamotnoiger

tion 6, REGIONS AND MASKS.

gnihctaPtuobA.3.1.7

When more than one MSS image is needed (and therefore extracted) in order to include an entire
ottnawyamuoyecneuqesgnissecorpegamiehtnitniopemosta,noitacilppanaroftseretnifoaera

unite the images. In GRASS 4.0 the program to accomplish this is r.patch. See section 15, PATCH-
.hctapotwohdnanehwtuobanoitamrofnirofSEGAMIGNI

7.2. Extracting TM Imagery From Tape

Note: Please become familiar with section 6, REGIONS AND MASKS before running a tape extrac-
.noit

This program must be run in a LOCATION with an x,y coordinate system (for further information see
.)NOITACOLYREGAMIEHT,5noitces

i.tape.tm is the GRASS program that extracts Thematic Mapper (TM) imagery from tape. When
desopatxujeblliwyeht,tneserperasdauqruofllafI.sdauqruofniderotssiti,derutpacsiegamiMTa

on the image as follows:

_______
21_______
43_______



 








.yletarapesdetcartxeebtsumdauqhcae,eroferehtdna,egamietarapesasaepatnoderotssidauqhcaE
Each quad will require a new run of i.tape.tm.

Before running a tape extraction, it is a good idea to check to see if there is enough disk space
-itlumybdetaluclacebnacdauqMTanisetybforebmunehT.enihcamruoynoselfidetcartxeehtrof

plying the number of rows in the quad by the number of columns in the quad and then multiplying that
anisnmulocdnasworforebmunehtgninimreteD.detcartxeebotsdnabforebmunehtybrebmun

TM quad is explained in subsection 7.2.2., Row and Column Extraction.

:epyttpmorpSSARGehtta,margorpehtnigeboT 4

mt.epat.i

The first prompt in i.tape.tm asks for the tape device name. This is sometimes /dev/rmt0 (for a
.enihcamhcaehtiwseiravsihttub,)0061foytisned

The next prompt is:

Please mount and load tape, then hit RETURN -->

neercSnoitacfiitnedIMT.1.2.7

__________________

MASSCOMP users may first have to assign the tape drive the appropriate density. Frequently, the density of the4

data stored on tape is 1600 bpi (bytes per inch). The relevant command to assign the tape drive is then usually assign
.x0061ngissaro0061
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After hitting RETURN the first screen in the program asks for information about the data.

__________________________________________________________________
please enter the following information

:noitacfiitnedIepaT

Image Description:

Title for the Extracted Cell Files:

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
)LECNACOT>C-lrtC<RO(__________________________________________________________________












 













-simehT.noitacfiitnedIepaTrofdlefiehtotnirebmunDIenecsehtsretneyllacitamotuamargorpehT
sion, path, row, quadrant, date, and whether the image is corrected is automatically entered into the

-uccasiti,dehcuotnutfel,tubresuehtybdetideebnacnoitamrofnisihT.noitpircseDegamIrofdlefi
rate and informative. The user should enter other pertinent information and the title for the extracted

yrotsihehtotniyllacitamotuaderetneeranoitpircsedegamiehtdnanoitacfiitnediepatehT.selfiretsar
files for the raster files by GRASS.

noitcartxEnmuloCdnawoR.2.2.7

The second screen is:

__________________________________________________________________
TCARTXEREPPAMCITAMEHT

please select the desired tape region to extract

)4892-1(_______:wortsrfi
last row: _______(1-2984)

)0224-1(_______:loctsrfi
last col: _______(1-4220)

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________




























rellfidnaatadegamigniniatnocsnmulocdnasworforebmunlatotehterasesehtnerapnisrebmunehT
(zeros) on the tape. The last row of each quad contains zeros. Quads 1 and 2 contain 2983 rows of

wortsalehttcartxeottontsebsitI.atadegamifoswor2892niatnoc4dna3sdauqdna,atadegami
(row 2984 on Quads 1 and 2 and row 2983 on Quads 3 and 4) because, if Quad 1 is patched to Quad 3

ehthguorhttsewdnatsaegninnuratadonfoenilatluserlliwereht,4dauQotdehctapsi2dauQro
image. If TM quads are to be patched side to side, you will also want to avoid extracting the zeros on

.ecapsksidyrassecennupuekatoslalliw,esruocfo,soreZ.dauqhcaefosedisthgirdnatfeleht
Methods to identify the row and column coordinates to be extracted from a TM quad are described

.woleb

Any subset of the quad on the tape can be extracted. To find the row and column numbers
:lufpleheranoitamrofnifosecruoslareves,dauqMTafotesbusayfitnediotdedeen

1 The center point and corner point latitudes and longitudes of the image from the Landsat
tuotnirphcraes

2 A diagram of the position of the 7.5-minute and 15-minute maps of the image relative to
sdauqMTeht

section 7



-41-

dauqehtfospametunim-51dna-5.7ehT3

4 A photograph of the image if available

epatehthtiwsemoctifiegamiehttuobanoitamrofnignibircsedtuotnirpA5

GRASS display commands are also helpful. If enough disk space is available, one band of an
detcartxeebnac,tseretnifoaeraehtniatnocotnwonkdauqafonoitropafodnabenorodauqeritne

and displayed. Running the measurements option in d.display or d.where (following the use of d.rast)
yalpsidlliwsetanidroocesehT(.neercsehtnodauqdeyalpsidehtfosetanidroocy,xehtohcelliw

negative numbers in the north-south direction but, by ignoring the negative sign, the correct row
).detropersirebmun

To find the area of interest using these display options in GRASS, the features displayed on the
edutital(dauqehtfosetanidroocnwonkehtspamehtnognitacolybspamehtnodnuofebnacrotinom

and longitude) and looking for the displayed physical features. If the latitude and longitude coordinates
etacolplehotdohtemeno,)spam00042:1ynam,elpmaxerof(sdnuobriehtnihtiwspamynamniatnoc

the area of interest is described below.

1 Draw an approximate square or rectangle representing the entire quad stored on tape. Iden-
MTehtroftniopretnecehtgnisu(stnioprenrocedutignoldnaedutitalnwonkehtyfit

image) and mark these on the square. Section the square into a grid and approximate the
.noitcesretnidirghcaerofedutignoldnaedutital

2 Based on the known latitude and longitude for the quad, gather together all of the maps (of
-cesdna,erauqsrehtonawarD.gnol/talehtnihtiwdeniatnocerataht)elacsetairporppana

tion it into a grid in which each cell represents a map. Mark the latitude and longitude of
.noitcesretnihcae

3 Locate your area of interest on the square that represents the grid of maps (step 2).

uoy",erauqspam"ehtnognol/talehtdna",erauqsdauq"ehtnognol/talehttagnikoolyB4
can determine in what grid cells of the quad the features you are interested in lie. You can

dnarotinomyalpsidehtnodauqehtfostnelaviuqellecdirgetairporppaehtotni-moozneht
try to match the features displayed on the monitor with those on the map.

roerehw.desunacuoy,dauqdeyalpsidehtnotseretnifoaeraruoydnuofevahuoyecnO5
the measurements option in d.display to determine the row and column number for the four

nmuloctsaldna,nmuloctsrfi,wortsal,wortsrfiehteraseulavesehT.aeraehtfosrenroc
to be entered in the tape extraction screen.

If a photograph of the TM image is available, the rows and columns to be extracted can also be
ehtnisnmulocdnaswornwonkforebmunlatotehthtiwsehcnignitaicossaybtimorfdenimreted

scene. For example, if the total length of the photograph is 12 inches, the total number of rows on the
,otohpehtfopotehtmorfsehcni2snigebtseretnifoaeraehtforenroctsewhtronehtdna,0002siepat

then:

12" / 2000 rows = 2" / x rows
333.333=x

The northwest corner of the area of interest starts at row 333. The starting row, ending row, starting
.rennamsihtnidetaluclacebnacnmulocgnidnedna,nmuloc
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:sineercstxenehT

__________________________________________________________________
detcartxetnawuoysdnabehtybxnaekamesaelp

_____1
_____2
_____3
_____4
_____5
_____6
_____7

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________






























ehtfollaecniS.sdnabesehtfotesbusaylnotcartxeottnawyamuoytubsdnab7sahyregamiMT
bands can be extracted from tape now and gathered together in different combinations for different

:ebthgimsdnabrewefgnitcartxerofsnosaer,puorg.idnammocehtgnisuretalsnoitacilppa

1 For initial identification of the area of interest; extract one band first to locate the area of
ro,)noitcartxEnmuloCdnawoR,.2.2.7noitcesbusees,tseretni

2 For application purposes; the application requires only the use of some of the bands.

emaNpuorG/xfierP.3.2.7

You are then asked to enter the prefix/group for the band raster files to be created. This name
gniwollofehtdetcartxeerasdnab3fi,elpmaxeroF.SSARGotnidetcartxeelfidnabhcaeedecerplliw

3 band files will result:

prefixname.1
2.emanxfierp

prefixname.3

gniebelfipuorgyregamiehtrofemanehtemocebyllacitamotuaoslalliwemanxfierpdefiicepsehT
created. Each TM quad (i.e., each quad tape set) should be given a unique prefix/group name. Any

emaseht(puorgyregamiemasehtotnidetcartxeebnacdauqMTenomorfstesbusegamiforebmun
prefix/group name), even if they all have different row/column coordinates. Only different TM quads

sisihtrofnosaerehT.spuorgyregamitnereffidotnidetcartxeebdluohs)stesepatdauqtnereffid,.e.i(
that the purpose of an imagery group is to identify raster files for classification and rectification, and

.tesepatdauqottesepatdauqmorfyravseitreporpnoitacfiitcerdnanoitacfiissalc

Examples of prefix/group names for a TM quad might be 37quad1, 37quad2, 37quad3, and
,worrohtapMTehtsi"73"rebmunehT.egamiMTasititahtsetacidni"dauq"drowehT.4dauq73

whichever might distinguish it from another TM image, if more than one TM image of the same date is
.egamiehtfodauqehtyfitnedi4dna,3,2,1srebmunehT.NOITACOLy,xemasehtotnidetcartxe

All quads that will be patched should be extracted into the same x,y LOCATION (see 6.2.6., About
.)gnihctaP

7.2.4. The TM Extraction Process

The extraction process will begin by first skipping the number of specified files, advancing to the
rofsnmulocdnaswordetseuqerehtgnitcartxeretfA.epatehtgnidaernehtdna,detseuqerdnabtsrfi

each band, the program creates support files for each band. The percent completion of the extraction is
.stesepatelpitlumniderotssiti,sdauq4otnidedividsiyregamiMTesuaceB.neercsehtnodeyalpsid

The number of tapes required to store one quad depends on the number of bytes per inch (bpi) in which
dnaesuaplliwmargorpeht,dauqenoerotsotderiuqersiepatenonahteromfI.derotseraatadeht

inform you to mount the next tape.
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Note: After extracting an image from tape the mapset region in the x,y coordinate LOCATION will be
-ACOLYREGAMIEHT,5noitcesees(epatehtmorfsnmulocdnaswordetcartxeehtnopudesabtes

TION; subsection 5.1., Creating an X,Y Coordinate LOCATION; and section 6, REGIONS AND
.)SKSAM

7.2.5. TM Output

The extracted band files will be listed as raster files available in the current MAPSET and may be
.stniop.iro,tsar.d,yalpsid.dsdnammocSSARGehtgnisudeyalpsid

Note: If more than one image or image subset is extracted into the same x,y LOCATION, regardless
tnereffidevahstesbusegamirosegamiehtfidna,puorgemasehtotnidetcartxeerayehtrehtehwfo

mapset regions (which are based on the rows and columns extracted), then, to display a raster file in the
ehtsehctamtitahterusekamotnoigerTESPAMtnerrucehtkcehcotevahlliwuoy,NOITACOLy,x

raster file to be displayed. For a more detailed explanation see section 6, REGIONS AND MASKS.

gnihctaPtuobA.6.2.7

As was mentioned earlier, each quad requires a separate i.tape.tm extraction and each quad should
ot,detcartxesidauqenonahteromnehW.)puorgyregami(emanpuorg/xfierpetarapesanevigeb

include an entire area of interest for an application, at some point in the image-processing sequence you
noitceseeS.hctap.rsisihthsilpmoccaotmargorpeht,0.4SSARGnI.sdauqehtetinuottnawyam

15, PATCHING IMAGES for information about when and how to patch.

epaTmorFyregamIlatigiDfosepyTrehtOgnitcartxE.3.7

Note: Please become familiar with section 6, REGIONS AND MASKS before running a tape extrac-
.noit

This program must be run in a LOCATION with an x,y coordinate system (for further information, see
.NOITACOLYREGAMIEHT,5noitces

i.tape.other is the GRASS program that extracts all other types of digital imagery from half-inch
stcartxetahtmargorpcirenegasimargorpsihT.)yregamiMTdnayregamiSSMnahtrehto(epat

imagery using the tape description that is input by the user. i.tape.other cannot extract images that con-
-nocfleseratahtsegamitcartxeylnonactI.redaehemasehtgniziliturehtonaotepatenomorfeunit

tained on one tape.

Note: i.tape.other must be run in a LOCATION with an x,y coordinate system (see section 5, THE
.)NOITACOLYREGAMI

Before running a tape extraction, it is a good idea to check to see if there is enough disk space
-itlumybdetaluclacebnacegaminanisetybforebmunehT.enihcamruoynoselfidetcartxeehtrof

plying the number of rows in the image by the number of columns in the image and then multiplying
rebmunehtenimretedotwohnonoitamrofniroF.detcartxeebotsdnabforebmunehtybrebmuntaht

of rows and columns in an image, refer to subsection 7.3.5., Generic Row and Column Screen.

:epyttpmorpSSARGehtta,rehto.epat.inigeboT 5

rehto.epat.i

The first prompt in i.tape.other asks for the tape device name. This is sometimes /dev/rmt0 (for
.enihcamhcaehtiwseiravsihttub,)0061foytisneda

__________________

MASSCOMP users may first have to assign the tape drive the appropriate density. Frequently, the density of the5

data stored on tape is 1600 bpi (bytes per inch). The relevant command to assign the tape drive is then usually assign
.x0061ngissaro0061
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:sitpmorptxenehT

Please mount and load tape, then hit RETURN -->

neercSnoitacfiitnedIegamI.1.3.7

After hitting RETURN the first screen in the program asks for information about the data.

__________________________________________________________________
please enter the following information

:noitacfiitnedIepaT

Image Description:

Title for the Extracted Cell Files:

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
)LECNACOT>C-lrtC<RO(__________________________________________________________________












 













.selfiretsardetcartxeeht,erofereht,dnaegamiehtyfitnedioterehnoitamrofniretnedluohsresuehT
This information will be entered into the support history files for the band raster files automatically by

.SSARG

7.3.2. Tape Layout Screen

The next screen asks for the physical layout of the tape.

_______________________________________________________________________
GENERIC TAPE EXTRACTION

tuoyalepat
_0_ number of tape files to be skipped

deppiksebotselfigniniamerehtnisdrocerforebmun_0_
band files

_0_ number of bands on the tape
tamrofatad

___ band sequential (BSQ) | mark one with an x
|)LIB(devaelretnidnab___

_0_ if you select BSQ format and all the bands are in a single file
0retneesiwrehtO.elfiehtnisdrocerforebmunlatotehtretne

_0_ length (in bytes) of the longest record on the tape

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) _______________________________________________________________________










































:swollofsadenialpxeeraneercsevobaehtnisdlefiehT

number of tape files to be skipped
If there are files at the beginning of the tape which are not image data, they can be skipped.

sdrocerroselfiredaehforebmunehtetacidnilliwepatahtiwsemoctahtnoitamrofnisemitemoS
on the tape. The GRASS utility m.examine.tape will also provide this information. If a header is

gniniatnoc,epatehtfogninnigebehttaselfillamseromroenoeblliwerehtepatehtnotneserp
only a small number of records. In contrast, the image file or files are large, containing hundreds

sdnabforebmunehtnosdnepedelfiegaminanisdrocerforebmunehT.sdrocerfosdnasuohtro
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in the image, the size of the image, and whether the image is stored in BIL or BSQ format.

sihttubselfiredaehepatevahtonodyregamilaireadennacstsomyllausudnayregamiPAHN
should be checked. Sometimes this information is written on the outside of the tape.

tsrfiehtnodeppiksebdluohstahtselfiowtsah,tesepat-owtanisemoctinehw,yregamiTOPS
tape, and one file that should be skipped on the second. The number of header files on each tape

.tesepatTOPShcaeseinapmoccatahttuotnirpehtnielbaliavasi

number of records in the remaining files to be skipped
If the file(s) which contain the image begin with non-image data, these records can also be

siereht,ipb0061niderotsyregamiTOPSroF.sepytatadtsomrof0yllaususisihT.deppiks
one header record that should be skipped in the image file on each tape (see subsection 7.3.6, A

.)TOPStuobAdroW

number of bands on the tape
Most aerial imagery has 3 bands, but satellite simulator data may have more. SPOT has 3 bands

ehttsujton,erehdefiicepsebdluohsepatehtnosdnabforebmunlatotehT.dradnatsasa
number that will be extracted.

tamrofatad
The two formats that imagery data are most commonly stored in are band interleaved format

enosniatnocepatehtnodrocerhcaetamrofLIBnI.)QSB(tamroflaitneuqesdnabdna)LIB(
line for one band of data. If the data have three bands, then the first five records will look like

:siht

band 1, line 1
1enil,2dnab

band 3, line 1
2enil,1dnab

band 2, line 2

rehtonafosenilllaybdewollofepatanorehtegotderotseradnabenofosenillla,tamrofQSBnI
band, followed by all lines of the next band, etc. These data are stored as if they were in a one

:tamrofLIBdnab

band 1, line 1
2enil,1dnab

band 1, line 3
.
.
.

1enil,2dnab
band 2, line 2

.

.
651enil,2dnab

band 2, line 157

sitahttamrofehtsitamrofQSB.drocerrepenilenosierehtdnaetybenosniatnoclexiphcaE
usually created by optical scanning devices when they scan photographs, but not all digitized

roiretxeehtnonettirwyllaususiatadehtfotamrofehT.tamrofsihtniderotserayregamilairea
of the tape and this should be checked.

epatehtnodrocertsegnolehtfo)setybni(htgnel
The length in bytes of the longest record on the tape must be entered here. It is used to deter-

gnisudeniatboebnaceulavsihT.epatehtgnidaerrofesuotreffubaegralwohenim

section 7



-91-

.epat.enimaxe.m

7.3.3. Generic Band Extraction Screen

.detcartxeebotsdnabehtybxnakramotdeksanehterauoY

__________________________________________________________________
detcartxetnawuoysdnabehtybxnakramesaelp

_____1
_____2
_____3
_____4

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________
























fotesbusaylnotcartxeottnawyamuoytubsdnab3evahyregamilaireatsomdnayregamiTOPS
these bands. Since all of the bands can be extracted from tape now and gathered together in different

rewefgnitcartxerofsnosaer,puorg.idnammocehtgnisuretalsnoitacilppatnereffidrofsnoitanibmoc
bands might be:

1 For initial identification of the area of interest; extract one band first to locate the area of
ro,)neercSnmuloCdnawoRcireneG,.5.3.7noitcesbusees(tseretni

2 For application purposes; the application requires only the use of some of the bands.

emaNpuorG/xfierP.4.3.7

Next, you are asked to enter the prefix/group for the band raster files to be created. This name
gniwollofehtdetcartxeerasdnab3fi,elpmaxeroF.SSARGotnidetcartxeelfidnabhcaeedecerplliw

3 band files will result:

prefixname.1
2.emanxfierp

prefixname.3

gniebelfipuorgyregamiehtrofemanehtemocebyllacitamotuaoslalliwemanxfierpdefiicepsehT
created. Each SPOT image or each NHAP image (i.e., each individual tape) should be given a unique

ehtotnidetcartxeebnacepatroegamienomorfstesbusegamiforebmunynA.emanpuorg/xfierp
same imagery group (same prefix/group name), even if they all have different row/column coordinates.

sisihT.spuorgyregamitnereffidotnidetcartxeebdluohs)sepattnereffid,.e.i(segamitnereffid,tuB
because the purpose of an imagery group is to identify raster files for classification and rectification, and

.epatotepatmorfyravseitreporpnoitacfiitcerdnanoitacfiissalc

An example of a prefix/group name for an NHAP image might be NHAP_686, where the number
TOPSarofemanpuorg/xfierpafoelpmaxenA.egamiPAHNehtforaeydnahtnomehtsi"686"

image might be 271spot1, where the number "271" is the scene column (K) or row (J) of the image,
.tesepat-owtafoepattsrfiehtrofsdnats"1"rebmunehtdna

7.3.5. Generic Row and Column Screen

Finally, the starting row, ending row, starting column, and ending column are required. This
skoolneercsnoitcartxenmulocdnaworcirenegehT.epatehtmorftesbusynatcartxeotuoyswolla

like this.
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__________________________________________________________________
TCARTXE

please select desired tape region to extract

_0_:wortrats
end row:_0_

start col:_0_
end col:_0_

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________




























fosecruoslareves,egaminafotesbusayfitnediotdedeensrebmunnmulocdnaworehtdnfioT
information are helpful:

1 Information regarding the number of files on the tape, the number of records in each file,
dnaelfiegamiehtnisnmulocforebmunehtsihtgneldrocerehT.shtgneldrocerehtdna

the number of records is the number of rows in the image file. The GRASS program
redaehafoecnesbaroecneserpehtsallewsanoitamrofnisihtedivorplliwepat.enimaxe.m

record in the image file (see subsection 7.3.6., A Word About SPOT.

.egamiehtfospametunim-51dnaetunim-5.7ehtfonoitisopehtfomargaidA2

3 The 7.5- and 15-minute maps of the image.

elbaliavafiegamiehtfoevitisopaidrohpargotohpA4

5 A printout describing information about the image if it comes with the tape

fodnabeno,elbaliavasiecapsksidhguonefI.lufplehoslaerasdnammocyalpsidSSARGehT
an entire image or one band of a portion of an image known to contain the area of interest, can be

gniwollof(erehw.dro,yalpsid.dninoitpostnemerusaemehtrehtiegninnuR.deyalpsiddnadetcartxe
the use of d.rast) will echo the x,y coordinates of the displayed image to the screen. (These coordinates

tcerroceht,ngisevitagenehtgnirongiyb,tubnoitceridhtuos-htronehtnisrebmunevitagenyalpsidlliw
row number is reported.)

To find the area of interest using these display options in GRASS, the features displayed on the
-ital(egamiehtfosetanidroocnwonkehtspamehtnognitacolybspamehtnodnuofebnacrotinom

tude and longitude, UTM, or State Plane) and looking for the displayed physical features. If the lati-
00042:1ynam,elpmaxerof(sdnuobriehtnihtiwspamynamniatnocsetanidroocedutignoldnaedut

maps), one method to help locate the area of interest is described as follows:

.epatnoderotsegamieritneehtgnitneserperelgnatcerroerauqsetamixorppanawarD1
Identify the known latitude and longitude corner points (and center point if known) and

dnaedutitalehtetamixorppadnadirgaotni"erauqs"ehtnoitceS.erauqsehtnoesehtkram
longitude for each grid intersection.

2 Based on the known latitude and longitude corner points for the image, gather together all
rehtonawarD.gnol/talehtnihtiwdeniatnocerataht)elacsetairporppanafo(spamehtfo

square and section it into a grid in which each cell represents a map. Mark the latitude and
.noitcesretnihcaefoedutignol

3 Locate your area of interest on the square that represents the grid of maps (step 2).

uoy",erauqspam"ehtnognol/talehtdna",erauqsegami"ehtnognol/talehttagnikoolyB4
can determine in what grid cells of the image the features you are interested in lie. You

-inomyalpsidehtnoegamiehtfostnelaviuqellecdirgetairporppaehtotni-mooznehtnac
tor and try to match the features displayed on the monitor with those on the map.

-saemehtroerehw.desunacuoy,egamiehtnotseretnifoaeraruoydnuofevahuoyecnO5
urements option in d.display to determine the row and column number for the four corners

ebotnmulocdnedna,nmuloctrats,wordne,wortratsehteraseulavesehT.aeraehtfo
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.neercsnoitcartxeepatehtnideretne

If a photograph of the digital image is available, or the diapositive that was scanned, the rows and
forebmunlatotehthtiwsehcnignitaicossaybtimorfdenimretedeboslanacdetcartxeebotsnmuloc

known rows and columns in the scene. For example, if the total length of the photograph is 12 inches,
2snigebtseretnifoaeraehtforenroctsewhtronehtdna,0002siepatehtnosworforebmunlatoteht

inches from the top of the photo, then:

12" / 2000 rows = 2" / x rows
333.333=x

The northwest corner of the area of interest starts at row 333. The starting row, ending row, starting
.rennamsihtnidetaluclacebnacnmulocgnidnedna,nmuloc

7.3.6. A Word About SPOT

Since SPOT imagery is used quite often and has a consistent format, this section will offer
htobnielbaliavaeraatadTOPSlatigiD.epatmorfatadTOPSgnitcartxetuobanoitamrofnicfiiceps

1600 bpi and 6250 bpi tapes. The 1600 bpi data usually require 2 tapes, and therefore a separate image
yllausuatadipb0526ehT.rehto.epat.ifonuretarapesaseriuqerepathcaE.epathcaenoderotssi

require only one tape. This section will describe 1600 bpi data.

tuptuoeht,tesepat-owtafoepatTOPStsrfiehtnonursiepat.enimaxe.mmargorpSSARGehtfI
will look like that shown below. (These numbers will vary from tape set to tape set.)

sdrocer:nel1elfi
360: 1 - 5

sdrocer:nel2elfi
3960: 1 - 27

sdrocer:nel3elfi
5400: 1 - 4495

ehtsi"sdrocer"elihw,elfianisnmulocforebmunehtsi"nel".htgneldrocerotsrefer"nel",ereH
number of rows. Files 1 and 2 are small, having 5 rows and 27 rows respectively. These are the two

.atadyregamiehtgniniatnocelfiehtsi3eliF.epatehtnoselfiredaeh

If m.examine.tape is run on the second tape, the output looks like this:

sdrocer:nel1elfi
360: 1 - 5

sdrocer:nel2elfi
5400: 1 - 4498

sdrocer:nel3elfi
1080: 1 - 3

sdrocer:nel4elfi
360: 1 - 1

.sreliartera4dna3selfidna,atadyregamigniniatnocelfiehtsi2elfi,elfiredaehehtsi1eliF

Because SPOT data is in band interleaved format, in order to determine the numbers of rows on
ehtybdedividebtsum)epat.enimaxe.mninevig(elfiegamiehtnisdrocerforebmuneht,epathcae

number of bands (3). This gives: 4495/3 = 1498.333 rows or records on tape 1, and: 4498/3 =
.epathcaenoelfiegamiehtnidrocerddoenosierehttahtetoN.2epatnosdrocerroswor333.9941

This is a header record. It occurs as the first record in the image file and should be skipped during the
ehterehwenilatad-onafoecnerruccoehtotetubirtnocyamdrocersihtgnippikstoN.noitcartxeepat

two images are patched if they are patched using the GRASS program r.patch. The number of rows
.2epatnoswor9941dna1epatnoswor8941nehteraatadyregamigniniatnoc
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Determining the number of imagery columns is not as easy. m.examine.tape shows that there are
ehtfosedishtobno)sorez(rellfisedulcnisihT.epathcaenoselfiyregamiehtniatadfosnmuloc0045

image. A printout that comes with every SPOT tape set offers additional information about the
.enillartcepsonomrepslexipyregamiforebmunehtdellacmetinasedivorptuotnirpehT.snmuloc

For this SPOT tape set, the number of imagery pixels per monospectral line is given as 3510. This is
nillafsnmulocesehterehwgninimreteD.epatTOPShcaenoatadyregamifosnmulocforebmuneht

the 5400 columns requires use of the GRASS display option d.where or the measurements option in
.yalpsid.d

The SPOT printout offers other information as well:

-italfoenilehtsiJdna,kcartdnuorgetilletasehtsiK.)J(wordna)K(nmulocenecsehT1
tude.

2 The number of multispectral lines in the scene. A scene is defined as including one 6250
,epathcaenoatadegamifosworforebmunehttegotos,sepatipb0061owtroepatipb

divide the number of multispectral lines in the scene by the number of tapes. Tape 2 has
didsasworforebmunemasehteviglliwtlusersihT.1epatnahtworeromeno

m.examine.tape, but it will not be evident whether or not there is a header record in the
.elfiegami

3 The scene latitude and longitude corner points and center point.

.eromdna,noitavele,ecnedicni,noitatneiroenecsehT4

7.3.7. The Extraction Process

The extraction process will begin by first skipping the number of specified files, advancing to the
ehtnodeyalpsidsinoitcartxeehtfonoitelpmoctnecrepehT.epatehtgnidaernehtdna,worgnitrats

screen.

7.3.8. The Output

Following the extraction, the extracted band files will be listed as raster files available in the
dnammocSSARGehtrehtiegnisuyllaudividnideyalpsidebyamselfiesehT.TESPAMtnerruc

d.display, d.rast, or i.points.

Note: After extracting an image from tape the mapset region in the x,y coordinate LOCATION will be
-ACOLYREGAMIEHT,5noitcesees(epatehtmorfsnmulocdnaswordetcartxeehtnopudesabtes

TION; subsection 5.1., Creating an X,Y Coordinate LOCATION; and section 6, REGIONS AND
.)SKSAM

Note: If more than one image or image subset is extracted into the same x,y LOCATION, regardless
tnereffidevahstesbusegamirosegamiehtfidna,puorgemasehtotnidetcartxeerayehtrehtehwfo

mapset regions (which are based on the rows and columns extracted), then, to display a raster file in the
ehtsehctamtitahterusekamotnoigerTESPAMtnerrucehtkcehcotevahlliwuoy,NOITACOLy,x

raster file to be displayed. For a more detailed explanation see section 6, REGIONS AND MASKS.

gnihctaPtuobA.9.3.7

As was mentioned earlier, SPOT data can be stored in a two-tape set in which each tape is a
-erehtepathcaednanoitcartxerehto.epat.ietarapesaseriuqerepathcae,esacsihtnI.egamietarapes

fore creates a separate imagery group (this is the group that the user names with the prefix/group name).
emosta,noitacilppanaroftseretnifoaeraeritnenaedulcniot,detcartxesiepatenonahteromnehW

point in the image processing sequence the user may want to unite the images. In GRASS 4.0 the pro-
nehwtuobanoitamrofnirofSEGAMIGNIHCTAP,51noitceseeS.hctap.rsisihthsilpmoccaotmarg
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.hctapotwohdna

8. THE CONTRAST STRETCH

The GRASS imagery command that applies a histogram contrast stretch to a raster map layer is
tsartnocmargotsihasngissatahttnemecnahnetsartnocayllautcasielacs.yerg.i.elacs.yerg.idellac

stretch grey scale color table to a map layer. The histogram contrast stretch expands the original range
sihT.ecivedyalpsidehtfoytivitisnesroegnarllufehtezilituotegamiropamehtniseulavlatigidfo

is done primarily to improve visual image analysis, and may be used prior to computer-assisted
-iroehtegnahctonseodtiesuacebsisylanaegamilartcepswarrehtoro,noitcetedegnahc,noitacfiissalc

ginal pixel values. As each band raster file is extracted from tape using the i.tape programs, a histo-
.dnabhcaeotnevigsielbatrolocelacsyerghctertstsartnocmarg

One use for i.grey.scale, then, is to improve the visual interpretation of features within a subset of
egnarehtnehwsruccotsartnocwoL.tsartnocwolsahtesbusehtnehw,elfiretsardetcartxeydaerlana

of pixel values is decreased, i.e., when an image is composed of pixels with similar reflectance values
,101ot03,yasfoegnarroloclexipahtiwpudneyamegamitesbusgnitluserehT.seitisnetnirolocro

while the full range of both the imagery medium and the display device is 0 to 255. The contrast
,)552ot0(egnarllufehtot)101ot03(seulavlexipfoegnargnitsixeehtsdnapxemhtiroglahcterts

making the visual interpretation of the data easier.

:eraselfidetcartxeydaerlafostesbusgnitaercfosyaW

1 Changing the MAPSET region to a smaller region, or

.elpmaser.rmargorpSSARGehtgninnuR2

When i.grey.scale is run on a subset of an already extracted file in this manner, it will effect the whole
lausivnehwelfiretsarllufehtnoniagaelacs.yerg.inurottnawlliwresuehT.elfiretsardetcartxe

observation of it is once again desired.

:epytylpmiselacs.yerg.inuroT

i.grey.scale

You will be asked for the map layer that needs a grey scale:

?elacsyergasdeenreyalhcihW
Enter ’list’ for a list of existing raster files

seltithtiwtsilarof’f-tsil’retnE
Hit RETURN to cancel request
>

If you are working in a LOCATION with an x,y coordinate system, all of the raster files residing in that
.segamietisopmocdnaselfidnabyregami-elgnisgnidulcnielacs.yerg.iotelbaliavaeblliwNOITACOL

Keep in mind however, that i.grey.scale can be run in any LOCATION having any coordinate system
.reyalpamSSARGynaotdeilppaebnacdna

When the the program is finished, and the map layer is displayed (using the GRASS commands
.emehcsrolocelacsyergahtiwdeyalpsidsiti,)tsar.dro,yalpsid.d,stniop.i

9. THE COLOR COMPOSITE

Note: Before running i.composite the user should check to see that the rows and columns of the
-ACOLtnerrucehtninoigertespamehtfoesohtsaemasehteradetisopmocebotselfiretsardnabwar

TION. To do this, use the GRASS command g.region (see section 6, REGIONS AND MASKS).

selfidnabeerhtmorfegamietisopmocrolocasetaerctahtnoitcnufyregaminasietisopmoc.i
specified by the user. The user specifies the bands to be used by assigning the bands a red, blue, or

erewtahtsdnabeerhtehtfodesopmocelfiretsarelgnisasiegamignitluserehT.ytisnetnineerg
selected. The color composite can be displayed, plotted, or manipulated as would any raster file in

.SSARG
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This program can be used to create a false color composite. A false color composite is the color
yramirpehtfosedahsdengissasidnabneergehT.yhpargotohpderarfninidesusitahttnemngissa

color blue, the red band is assigned shades of the primary color green, and the near infrared band is
.derrolocyramirpehtfosedahsdengissa

A good use for the color composite is in the program i.points, which allows the user to locate
sitierofebdefiissalctonsiegaminafi,stniop.ignisunehW.defiitcerebotegaminanostniop

rectified (before i.points is begun), the only imagery files available on which to locate and mark points
yamrolocnehW.ylnoemehcsrolocelacsyergnideyalpsideraesehT.selfidnabelgnisehtebyam

enhance the ability to locate points on an image to be rectified, a color composite image can be
.egatnavdasihtedivorpotdekramdnadeyalpsid

Other uses of the color composite are in p.map, d.display, and d.3d.

.puorgyregamiehtrofsksatpmorpetisopmoc.itsrfiehT

Select an imagery group file
spuorgyregamignitsixefotsilarof’tsil’retnE

Enter ’list -f’ for a verbose listing
tseuqerlecnacotNRUTERtiH

>

This is the group containing the imagery bands to be composited. Then the following screen is
:deyalpsid

__________________________________________________________________
.sroloceulbdna,neerg,derrofesuotselfihcihwetacidniesaelP

You may leave any color out. You may specify more than one color
roF.ecnodefiicepsebylnoyamrolochcae,revewoH.elfirep

example, to get a full color image, specify r,g,b for 3 different
.elfielgnisarofbgryficeps,egamielacsyergategoT.selfi

b__ spot1.1
g__ spot1.2
r__ spot1.3

___ spotclass1
___ spotreject1

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________




































:sdnabfoeciohcehtyfirevotdewollanehterauoY

Colors assigned as follows:

emantespamni3.1tops:DER
GREEN: spot1.2 in mapsetname

emantespamni1.1tops:EULB

Look ok? (y/n) [y]

rolocyramirprep)sedahsro(slevelnoitarutas01rosroloc0001sahdetaercsitahtelbatrolocehT
(blue, green, red). The number of colors that can be displayed at one time on a color monitor depends

sroloc215,elpmaxerof,yalpsidylnonacrotinomscihpargehtfI.desugniebrotinomscihpargehtno
at a time, then you will want to use the GRASS command Dcolormode fixed before displaying the file.

rolocevitalerstiniaterlliwelfiehtdna,rolocelbayalpsidtseraenehtdengissaeblliwsrolocehT
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accuracy. If the file is displayed in Dcolormode float rather than Dcolormode fixed, the display on the
.etaruccaebtonlliwrotinom

You are then asked to name the composite image:

emanelfiretsarwenaretnE
Enter ’list’ for a list of existing raster files

seltithtiwtsilarof’f-tsil’retnE
Hit RETURN to cancel request
>

Now, the program creates the composite image, and the percent complete is echoed to the screen. Sup-
.yllacitamotuadetaerceraselfitrop

10. IMAGERY GROUPS

The purpose of grouping imagery raster files is to identify collections of raster files for
rofresuehtksayfitcer.idnastniop.ismargorpyregamieht,elpmaxeroF.noitacfiitcerdnanoitacfiissalc

the imagery group to be analyzed, which contains the raster files to be rectified. All of the raster files
sseldrager,sitaht,setanidroocnmulocdnaworemasehtevahyehtrehtehwfosseldrager,puorgsihtni

of whether they are different subsets of the same image, have been extracted from the same image (i.e.,
-viG.)tesepatSSMemasehtro,epatotohplaireaemaseht,epatTOPSemaseht,dauqMTemaseht

ing the name of this group to the i.points and i.rectify programs tells the programs which tape data is to
ehtdnastniop.inidekramstniopnoitacfiitcerehterotsoterehwsmargorpehtslletdna,defiitcereb

transformation equations created by the programs. During i.rectify the program asks the user to select
.defiitcerebotpuorgyregamiehtniselfiretsarcfiicepseht

Similarly, the programs i.cluster and i.maxlik ask the user for the imagery group and the imagery
retsaroitardnabro/dna(selfiretsardnabehtsniatnocpuorgbusyregamiehT.dezylanaebotpuorgbus

files, elevation raster files, aspect raster files, slope raster files, etc.) to be classified. The imagery
nidebircsedsaegaminamorfdetcartxeselfiretsarehtfolladna(puorgbussihtsniatnochcihw,puorg

the previous paragraph), also serves as a repository for the signature files generated by i.cluster and the
.kilxam.iybdetarenegpamdefiissalc

When the imagery band raster files are extracted from tape and assigned to an imagery group
depuorgnutsixeyllautcaselfiretsareseht,)emaNpuorG/xfierP,.4.3.7noitcesbusniemanxfierpdellac(

as individual raster files in the current LOCATION and MAPSET, because only their file names are
smargorpeht,selfiehtfosemanehtsmargorpehtgnivigyB.puorgyregamiehtotnidepuorgyllaer

know what files to operate on. The raster files are therefore available at all times to be used as they
ynaotnidepuorgebotelbaliavasyawlaeraselfiretsarehT.yllaudividniNOITACOLehtnitsixe

number of other imagery groups or subgroups of imagery groups using the GRASS imagery command
.puorg.i

i.group is an imagery program that allows the user to group any of the raster files that are present
:otniSTESPAMdetcelesyltnerrucdnaNOITACOLtnerrucehtni

1 A subgroup of the first group created during tape extraction

puorgyregamiwenafopuorgbusa,yltneuqesbusdna,puorgyregamiwenA2

3 An already existing group in the current LOCATION and MAPSET, and subsequently, a
puorggnitsixeydaerlanafopuorgbus

i.group also allows the user to remove raster files from a group in his or her MAPSET. Cell files, how-
-orpeht,dedeensipuorgbuswenafI.spuorgbusgnitsixeotdeddaro,morfdevomerebtonnac,reve

cedure recommended is to create a new subgroup.

If raster files are removed from the hard disk using the GRASS commands g.remove, or the
fonoitcelesgniwollofselfiesehtrofkoolotdetceridneebtonsahpuorg.ifi,dna,mrdnammocXINU

one of its options, the removed raster files will still appear as belonging to a group. They will, how-
devomerebyamsemanelfiretsarehT".tsixetonodselfiretsar":gnitatsesarhpahtiwdeggateb,reve

from within the group by using the remove option of i.group.

01,9snoitces
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To remove an entire imagery group, the GRASS program g.remove can be used. If there are no
.elbaliavaebtonlliwevomer.gfonoitposiht,TESPAMdenworesuehtnitneserpspuorgyregami

Removing an entire group will not remove raster files named in the group, but it will remove all signa-
-busevomerotnoitpoonsiereht,tneserptA.puorgehtniderotsstniopnoitacfiitcerdnaselfierut

groups.

i.group is able to offer its options to all of the raster files in the MAPSETS that were selected
-PAMdetcelesdnaselfiehtotdetcirtsersi,revewoh,puorg.i.stespam.gdnammocSSARGehtgnisu

SETS in the current LOCATION. The raster files available to i.group, then, will include all raster files
,sehctertstsartnoc,setisopmocroloc,segamidefiissalc,e.i,SSARGgnisusesylanamorftlusertaht

neighborhood filters, results of r.mapcalc, r.buffer, etc.

Since i.group can be run in any GRASS coordinate system LOCATION, it is possible to group
yregamiehtezilitutahtsmargorp0.4SSARGylnoehT.puorgyregaminaotnireyalpamSSARGyna

group and imagery subgroup at present, however, are the imagery programs.

.unemniampuorg.iehtnielbaliavaeraspuorgyregamietaercdna,tide,tcelesotsnoitpoehT

To start i.group, type:

i.group

The first screen in i.group asks you to select an imagery group. If the group name you select
:puorgwenaetaercotekildluowuoyfideksaeblliwuoy,tsixeteytonseod

__________________________________________________________________
,otsreyalatadddayamuoY.spuorgyregamistidemargorpsihT

or remove data layers from an imagery group. You may also
.spuorgwenetaerc

Please enter the group to be created/modified

)spuorgfotsilarof’tsil’retne(_____________:PUORG

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
)TIXEOT>C-lrtC<RO(__________________________________________________________________













 














dnaNOITACOLtnerrucehtnidetaercneebydaerlaevahtahtspuorg,evobaderetnesitsildrowehtfI
MAPSET are displayed.

The second screen to appear is the main menu for i.group. It provides the following options:

___________________________________________

1. Select a different group
eltitpuorgtidE.2

3. Include new raster files in the group
puorgehtmorfselfiretsarevomerro

4. Assign colors to the group
puorgehtnihtiwpuorgbuswenaetaerC.5

RETURN to exit
___________________________________________












 













devomerdna,ksiddrahehtmorfdevomerneebevahpuorganidemanerewtahtselfiretsarehtfollafI
from within the group, only options 1 and 2 and the "include" portion of option 3 will be available.

01noitces
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:swollofsadebircsedera5hguorht1snoitpO

Select a different group
If option number 1 is chosen, the following screen is displayed:

__________________________________________________________________
Please enter the group to be created/modified

)spuorgfotsilarof’tsil’retne(_____________:PUORG

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
)TIXEOT>C-lrtC<RO(__________________________________________________________________










 











.puorgwenaetaercropuorgtnereffidatcelesotuoyswollati,neercstsrfiehtekilsineercssihT
If the word list is entered, the already existing groups in the current LOCATION and MAPSET

.deyalpsidera

Edit group title
If option number 2 is selected, an entry space is provided to type in the group title. This title is

:puorghcaegniyfitnedinilufesu

TITLE______________________________________

:gniksaybtcerroctonsitifiyrtneehtegnahcdnakcabogotytinutropponasreffonoitposihT

Look ok? (y/n)

puorgehtmorfselfiretsarevomerropuorgehtniselfiretsarwenedulcnI
When choosing option number 3, the following screen is displayed:

__________________________________________________________________
LOCATION: spear_xy GROUP: spot1 MAPSET: mapsetname

xehtevomer,]1tops[puorgmorfelfiaeteledothsiwuoyfI
from in front of the file name.

emantespamni1.1tops_x
x_ spot1.2 in mapsetname

emantespamni3.1tops_x

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
)LECNACOT>C-lrtCRO(__________________________________________________________________













 














.rabecapsehtesuxnaevomeroT
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Next, a screen listing all the other raster files present in the current MAPSET(S) will be
:deyalpsid

__________________________________________________________________
emantespam:TESPAM1tops:PUORGyx_raeps:NOITACOL

Please mark an x by the files to be added in group [spot1]

emantespam:TESPAM

x_ composite1
x_ spotclass1

__ spotclass1_2
__ spotclass1_3

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR Ctrl-C> TO CANCEL) __________________________________________________________________


































selfillA.deyalpsideboslalliwstespamesohtrofsneercs,detcelessiTESPAMenonahteromfI
selected with an x will be included in the group being modified.

:defiidomtsujsawtahtpuorgehtfostnetnocehtkcehcotytinutroppoehtevahnehtlliwuoY

Group [spot1] references the following files
__________________

spot1.1 in mapsetname
emantespamni2.1tops

spot1.3 in mapsetname
emantespamni1etisopmoc

spotclass1 in mapsetname

__________________
Look ok? (y/n)

:neercsehtnodeyalpsidsiecnetnesgniwollofehtnehtyrettelehthtiwdnopseruoyfI

Group [spot1] updated!

.snruterpuorg.irofunemniamehtdnA

If you respond with the letter n, the screen containing the group files, after it was modified, will
ehtmorfdevomerebotselfiehtfotnorfnixnaecalpotdeksaeblliwuoydnadeyalpsideb

group. The screen(s) listing all of the other raster files in the current MAPSET(S) will be
ehtnidedulcniebotselfiehtfotnorfnixnaecalpotdeksaeblliwuoydna,niagadeyalpsid

group. This provides the opportunity to correct mistakes or make changes in the choice of files
.puorg.ignitixetuohtiwdetceles

Assign colors to the group

section 10
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:neercsgniwollofehtsedivorp4rebmunnoitpO

__________________________________________________________________
.sroloceulbdna,neerg,derrofesuotselfihcihwetacidniesaelP

You may leave any color out. You may specify more than one color
roF.ecnodefiicepsebylnoyamrolochcae,revewoH.elfirep

example, to get a full color image, specify r,g,b for 3 different
.elfielgnisarofbgryficeps,egamielacsyergategoT.selfi

b__ spot1.1
g__ spot1.2
r__ spot1.3

___ composite1
___ spotclass1

<<< r,g,b can only be specified once >>>

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________








































.eulbro/dna,neerg,der,rolocyramirpafosedahsehtdnabaotngissaotuoyswollaneercssihT
Note, however, that composite images and classified images are already assigned colors during

eblliwelfiretsarehtrofrolocgnitlusereht,erehrolocwenadengissaerayehtfI.noitaercrieht
a single color or a grey scale. (When the imagery program i.colors is completed, this option will

:ybneercsehtgnipacseretfadereffosisrolocfoeciohcehtegnahcotytinutropponA.)raeppasid

Look ok? (y/n)

puorgehtnihtiwpuorgbuswenaetaerC
The following screen enables you to create a subgroup out of any combination of files in the

.noitpoehtgnitaeperybdetaercebyamspuorgbusforebmunynA.puorg

__________________________________________________________________
emantespam:TESPAMyx_raeps:NOITACOL

GROUP: spot1

)spuorgbuselbaliavawohslliw’tsil’(___________:PUORGBUS

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
)LECNACOT>C-lrtC<RO(__________________________________________________________________











 












:deyalpsidsineercssiht,)321(puorgbusevobaehtgnitaercrognitcelesretfA

section 10



-03-

__________________________________________________________________
]321[puorgbusmrofotselfiehtybxnakraM

x_ spot1.1
x_ spot1.2
x_ spot1.3

__ composite1
__ spotclass1

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________


























:puorgbusehtfostnetnocehtkcehcotytinutroppoehtnevigerauoytxeN

Subgroup [123] references the following raster files
__________________

spot1.1 in mapsetname
emantespamni2.1tops

spot1.3 in mapsetname

__________________
Look ok? (y/n)

selfitcelesotuoygnilbaneniagaraeppalliwneercsdnoceseht,nrettelehthtiwdnopseruoyfI
to form the subgroup.

SPUORGYREGAMIGNITEGRAT.11

i.target is an imagery function that "targets" an imagery group to a GRASS database standard
etatSroMTUsahcussetanidroocdradnatssahtahtNOITACOLasisihT.NOITACOLetanidrooc

Plane. You are probably wondering what it means to "target" a LOCATION. This can be explained as
refsnartothcihwnideriuqersiNOITACOLcfiicepsayfitcer.imargorpyregamiehtgniruD.swollof

the rectified file or files just prior to completion of the program. i.target enables the user to specify this
-rofnisesuoslastniop.iesuaceB.yfitcer.iogrednuottuobasitahtpuorgyregamiehtrofNOITACOL

mation about the target location, i.target must be run before running i.points and i.rectify.

:epytylpmistegrat.inuroT

i.target

The first prompt in the program asks for the name of the imagery group that needs a target. The
.NOITACOLtnerrucehtnitneserpebtsumpuorgyregami

Enter group that needs a target
spuorgyregamignitsixefotsilarof’tsil’retnE

Enter ’list -f’ for a verbose listing
tseuqerlecnacotNRUTERtiH

>

Next, the following screen asks for the target LOCATION and MAPSET:

11,01snoitces
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__________________________________________________________________
Please select the target LOCATION and MAPSET for group <spot1>

______yx_raeps:NOITACOLTNERRUC
CURRENT MAPSET: mapsetname___________

_________hsfiraeps:NOITACOLTEGRAT
TARGET MAPSET:mapsetname___________

)noitacolanihtiwstespamrosnoitacolfotsilaroftsilretne(

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
LECNACOT>C-lrtC<RO(__________________________________________________________________














 















otdetegratebyampuorgyregaminA.NOITACOLdetcelesehtotdetegratwonsipuorgyregamiehT
any GRASS LOCATION.

NOITACIFISSALCEGAMI.21

One of the methods of deriving information from digital imagery is multispectral classification.
-cipro,slexiP.egaminanislexipfoseulavecnatceflerlartcepsehtsezylananoitacfiissalclartcepsitluM

ture elements, are the grid cells that make up an image. The word "pixel" is usually used in reference
llecdirgehtotreferotdesunetfooslasititub,rotinomretupmocanodeyalpsidsitinehwretsaraot

in a stored digital image that we cannot see until it is displayed. In raw spectral digital imagery each
eraesehT.552ot0morfgnignareulavecnatceflerlartcepsro)ND(rebmunlatigidasahllecdirg

grouped into clusters or categories during image classification that can be interpreted to represent
.htraeehtfoecafrusehtnoserutaef

There are many methods of multispectral classification, but, generally, they fall into three groups:

noitacfiissalcdesivrepuS1

2 Unsupervised classification

3 Combinations of supervised and unsupervised classification

sinoitacfiissalcdesivrepusnU.noitacfiissalcdesivrepusnudnadesivrepushtobstroppus0.4SSARG
conventionally a two-pass process. The two GRASS programs that create an unsupervised classified

:eraegami

i.cluster
kilxam.i

.noitacfiissalcdesivrepusnunaetelpmocotnurebtsumsmargorphtoB

Note: The programs i.cluster and i.maxlik can be run either before or after i.points and i.rectify.
GNIHCTAP,51noitcesdnaECNEUQESMARGORPTUOBAETONA,41noitceseesesaelP

IMAGES.

Before running an unsupervised classification, you must first run i.group, and create a subgroup
retsaroitardnab,ro,3.emanxfierp,2.emanxfierp,1.emanxfierp(selfiretsaryregamiehtsniatnoctaht

files, elevation raster files, aspect raster files, slope raster files, etc.) that you wish to classify. Please
.spuorgbusdnaspuorgfonoissucsidarofSPUORGYREGAMI,01noitcesees

After creating a subgroup with the raster files in it, you can type

retsulc.i

sections 11,12
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.kilxam.ierofeb,tsrfinurebtsumretsulc.i.ssecorpnoitacfiissalcehtnigebot

12.1. i.cluster

i.cluster is the program that generates the spectral signatures for the land cover types in the image
-orpssapdnocesehtroftupnisadesusitahtelfierutangisanistlusertI.mhtiroglagniretsulcagnisu

gram i.maxlik. The clustering algorithm operates by reading through the imagery data and then build-
-sulcehtfosnoitubirtsidlartcepsehT.slexipehtfosecnatceflerlartcepsehtnodesabsretsulclexipgni

ters (which will be the landcover spectral signatures) are influenced by six parameters set by the user.
stratsretsulc.i.detanimircsidebotsretsulcforebmunlaitiniehtsiresuehtybtesretemaraptsrfiehT

by generating spectral signatures for this number of clusters and "trys" to end up with this number of
,snoitubirtsidlartcepsriehtdnasretsulcforebmungnitluserehT.ssecorpgniretsulcehtgnirudsretsulc

however, are also influenced by the range of the spectral values in the image and the other parameters
-repeht,noitarapesretsulcmuminim,ezisretsulcmuminimeht:erasretemarapesehT.resuehtybtes

cent convergence, the number of iterations, and the row and column sampling interval.

.secirtamecnairavocdnasnaemretsulcfodesopmoceratlusertahtserutangislartcepsretsulcehT
These cluster means and covariance matrices are used in the second pass program i.maxlik to classify

.egamieht

12.1.1. i.cluster Inputs

The first screen in i.cluster asks for the imagery group and subgroup to be analyzed:

__________________________________________________________________
LOCATION: spear_xy CLUSTER MAPSET: mapsetname

dezylanaebotpuorgbus/puorgehttcelesesaelP

GROUP:spot1____
SUBGROUP:123____

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________
























puorgehT.sisylanaronoitacfiissalcrofselfitcellocotsipuorgbusdnapuorgehtfoesoprupehT
should contain the image raster files that you wish to classify, and the subgroup, which is a subset of

.yfissalcothsiwuoytahtselfiretsaregamicfiicepsehtylnoniatnocdluohs,puorgsiht

Note: The subgroup must contain more than one raster file.

sielfierutangissihT.elfierutangisgnitluserehtfoemanehtrofsksamargorpehtnitpmorptsrfiehT
the output file for i.cluster and the required input file for the GRASS program i.maxlik. It contains the

.kilxam.iniegamiehtyfissalcotdesueratahtsecirtamecnairavocdnasnaemretsulc

Enter a name for the resulting signature file
selfierutangis]321[puorgbusgnitsixefotsilarof’tsil’retnE

Enter ’list -f’ for a list with titles
tseuqerlecnacotNRUTERtiH

>

Note, 123 is the hypothetical name of the currently selected subgroup.

sisihT.elfierutangisdeesafoemanehtretneotdeksaerauoy,emanelfierutangisehtgniretneretfA
optional. Seed signatures are signatures that contain cluster means and covariance matrices that were

retsulc.ifonursuoiverpamorfderiuqcaebyamyehT.retsulc.ifonurtnerrucehtotroirpdetaluclac
or a supervised classification signature training site selection. The purpose of seed signatures is to

21noitces
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.defiicepssretsulcforebmunehtrof)snaem(seiradnuobnoisicedretsulcehtezimitpo

SEED SIGNATURES
Select the signature file to use for the initial means

selfierutangis]321[puorgbusgnitsixefotsilarof’tsil’retnE
Hit RETURN to use DEFAULT means
>

If you do not choose to enter a seed signature file, just hit RETURN and the means that are calculated
.desueblliwretsulc.ignirud

The final screen is:

__________________________________________________________________
noitamrofnigniwollofehttesesaelP

Number of initial classes 15______
______71ezisssalcmuminiM

Minimum class separation 0.50____
____00.89ecnegrevnoctnecreP

Maximum number of iterations 30_____

)sllec0001(sloc001dnaswor001sniatnocnoigertnerrucruoY

Please set the sampling intervals

_____2lavretniwoR
Col interval 2_____

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________










































detseggusehteraneercsehtniseulavtluafedehT.sretemarapgniretsulcehtrofsksaneercssihT
values based upon the total number of rows and columns in the image and common standards. This

tnerrucehtnidedulcnieratahtsnmulocdnasworegamiforebmunehtfouoysmrofnioslaneercs
LOCATION and MAPSET region. Make sure that this region is large enough to include the portion of

noiger.gro,yalpsid.dro,erehw.dybdewolloftsar.desunacuoY.yfissalcothsiwuoytahtegamieht
to check the region.

A description of each field in the screen is listed below.

sessalclaitiniforebmuN
This is the number of clusters that will initially be identified in the clustering process before the

.nigebsnoitareti

Minimum class size
This is the minimum number of pixels that will be used to define a cluster, and is therefore the

.detaluclaceblliwsecirtamecnairavocdnasnaemhcihwrofslexipforebmunmuminim

Percent convergence
The percent convergence is the point at which cluster means become stable during the iteration

.noitaretignirudretsulcotretsulcmorfevomregnolontahtslexipfoegatnecrepehtsitI.ssecorp
When clusters are being created, their means constantly change as pixels are assigned to them and

retsulc.i,detaercneebevahsretsulcllaretfA.slexipwenehtedulcniotdetaluclacersinaemeht
begins iterations that change cluster means by maximizing the distances between them. As these

snaemesuaceB.sretsulcriehtnihtiwyatsslexipfoegatnecreprehgihdnarehgiha,tfihssnaem
will never become totally static, a percent convergence and a maximum number of iterations is

ehterofebdehcaerebdluohsecnegrevnoctnecrepehT.ssecorpevitaretiehtpotsotdeilppus

section 12
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maximum number of iterations. If the maximum number of iterations is reached, it is probable
esaercniottnawyamuoy,tnevesihtnI.dehcaertonsawecnegrevnoctnecrepderisedehttaht

the number of iterations and run i.cluster again (see maximum number of iterations below). The
.dehsinfisiretsulc.inehwliamnielbaliavasisnoitaretiforebmun

Maximum number of iterations
This is a number greater than the number of iterations predicted to achieve the optimum percent

nurerottnawyamuoy,detangisedmumixamehtsehcaersnoitaretiforebmunehtfI.ecnegrevnoc
i.cluster with a higher number of iterations, a lower percent convergence, or a larger minimum

.noitarapesssalc

Minimum class separation
This is the minimum separation below which clusters will be merged in the iteration process. If

ehtfI.degremeblliwsnoitubirtsidlartcepsralimishtiwsretsulc,egralylevitalersinoitarapeseht
separation is small, clusters that are more similar spectrally than the resulting clusters of a larger

regralelihw,sregremretsulcrewefnitlusersnoitarapesrellamS.tcnitsidniamerlliwnoitarapes
separations result in more mergers.

The optimum minimum class separation is an image-specific number that depends on the image
noitanimretedstI.elbatpeccaeratahtsretsulclanfiforebmunehtdnadefiissalcgniebatad

requires experimentation. Commonly used minimum class separations range from 0.5 to 1.5.
ehtstneserpmargorpehtfonoitelpmocehttaliamaivtuptuositahtxirtamytilibarapesehT

results of the minimum class separation.

Note that as the minimum class separation is increased, the maximum number of iterations should
foesuacebsisihT.ecnegrevnoctnecrephgihahtiwnoitarapessihteveihcaotdesaercniebosla

the larger number of mergers that occur when separations are larger. As more clusters are
snoitaretignizilbatsforebmundesaercninagniriuqer,sesaercedecnegrevnoctnecrepeht,degrem

to achieve a high percent convergence.

slavretnignilpmasnmulocdnawoR
These numbers are the default row and column skip, which are based on the size of the data set.

-masrepslexip001tadnabegamihcaetuohguorhtslexip000,01elpmasotdetupmocerayehT
pled row, and 100 pixels per sampled column. If the user changes the default intervals, and the

a,sisylanaetaruccarofllamsootro,ecapsretupmocelbaliavaehtrofegralootsieziselpmas
warning will be delivered by mail. The reason for sampling the data set is to save computer time

-atsehtfonoitatneserperetaruccanagniniatboelihw,ssecorpgnilpmasehtgnirudyromemdna
tistical range of the data.

noitucexEmargorP.2.1.21

i.cluster will run in the background and notify you by mail when it is complete. The mail mes-
eraegassemliamehtnidedulcnioslA.retsulchcaerofscitsitatseht,.e.i,stluserehtniatnoclliwegas

the resulting percent convergence for the clusters, the number of iterations that were required to achieve
.xirtamytilibarapesehtdna,ecnegrevnoceht

12.2. i.maxlik

i.maxlik is the program that classifies the image based on the cluster spectral signature informa-
tahtsessalcroseirogetacnoitamrofnilartcepsehterasretsulc,rebmemeR.retsulc.inidetarenegnoit

were determined for the spectral values of the pixels in the image.

-owtanissapdnocesehtsitI.refiissalcsisylanatnanimircsiddoohilekilmumixamasikilxam.i
pass procedure known as an unsupervised classification. It can also serve as the second pass in a super-

margorpSSARGehtybdetucexesinoitacfiissalcdesivrepusnuehtnissaptsrfiehT.noitacfiissalcdesiv
i.cluster. Both programs are required to complete an unsupervised classification.

ehtmorfsecirtamecnairavocdnasnaemretsulcehtsesurefiissalcdoohilekilmumixamehT
i.cluster signature file and determines to which class (or cluster) each pixel in the image has the highest

21noitces
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dengissaneebsahlexiphcaehcihwniegamidefiissalcasielfignitluserehT.gnignolebfoytilibaborp
to a spectral class or category. The spectral classes can be related to specific land cover types on the

.dnuorg

To start i.maxlik simply type:

i.maxlik

stupnIkilxam.i.1.2.21

The first screen asks for the group and subgroup to be classified:

__________________________________________________________________
Please select the group/subgroup containing the signatures

noitacfiissalcehtnidesuebot

GROUP:spot1________
SUBGROUP:123________

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________


























dluohspuorgbusehT.defiissalcebotselfiretsardnabro/dnaselfiretsarehtniatnocdluohspuorgehT
contain the raster files and/or band raster files that were used to create the signature file in the program

.retsulc.i

The first prompt asks for the name of the signature file to be used for the classification. The signature
.retsulc.imargorpSSARGehtnidetaluclacerewtahtsecirtamecnairavocdnaretsulcehtsniatnocelfi

These signatures are what determine the categories in the classification process.

noitacfiissalcrofdesuebotelfierutangisretnE
Enter ’list’ for a list of existing subgroup [123] signature files

seltithtiwtsilarof’f-tsil’retnE
Hit RETURN to cancel request
>

The next prompt asks for the name of the classified map layer that will be generated in i.maxlik. This
.dnuorgehtnoseirogetacrevocdnalotdetalerebnactahtseirogetacfopamaeblliwtahtelfiretsarasi

Please name the CLASSIFIED map layer to be generated
selfiretsargnitsixefotsilarof’tsil’retnE

Enter ’list -f’ for a list with titles
tseuqerlecnacotNRUTERtiH

>

Next, you are asked to enter the name of the reject threshold map layer that is also generated in
.kilxam.i

Please name the REJECT THRESHOLD map layer to be generated
selfiretsargnitsixefotsilarof’tsil’retnE

Enter ’list -f’ for a list with titles
reyalsihttnawt’noduoyfiNRUTERtiH

>

While classifying an image, i.maxlik performs a chi square test on each discriminant result at various
ehtotgnolebotylekilsilexiphcaelevelecnedfinoctahwtaenimretedotecnedfinocfosleveldlohserht

section 12
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assigned class. This is the reject threshold map layer. It contains one calculated confidence level for
,ksamasasireyalpamsihtrofsesuelbissopehtfoenO.egamidefiissalcehtnilexipdefiissalchcae

to identify pixels in the classified image that have the lowest probability of being assigned to the
defiissalcehtgniyalpsidnehtdnaksam.rmargorpehtgnisuybdehsilpmoccaebnacsihT.ssalctcerroc

map layer while this mask is set. See section 6, REGIONS AND MASKS for cautions about using a
.ksam

Next, the following screen is displayed listing the raster files in the subgroup you are classifying:

__________________________________________________________________
COLOR CONFIGURATION FOR CLASSIFIED LAYER [spotclass1]

.sroloceulbdna,neerg,derrofesuotselfihcihwetacidniesaelP
You may leave any color out. You may specify more than one color

.ecnodesuebylnoyamrolochcae,revewoH.elfirolocrep

For example, to get a full color image, specify r,g,b for 3 different
.elfielgnisarofbgryficeps,egamielacsyergategoT.selfi

b___ spot1.1 in mapsetname
emantespamni2.1tops___g

r___ spot1.3 in mapsetname

EUNITNOCOT>CSE<TIH,SREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL) __________________________________________________________________








































sihT.pamdefiissalclanfiehtpugnikamselfiretsarehtotsrolocngissaotsinoitposihtfoesoprupehT
subgroup could have more than three raster files in it. This is because more than three raster files can

,eulbdna,neerg,der,srolocyramirpevitiddaeerhtylnoeraerehtesuaceb,tub,emitenotadefiissalceb
(which are the values used to create the many shades of colored light), only three raster files can be

eraselfiretsarynamwohfosseldrager,eroferehT.emitatarotinomscihpargrolocanodeyalpsid
being classified, only three of the raster files are assigned a color.

egamidefiissalcehT.etelpmocsitinehwliamybresuehtsefiitondnadnuorgkcabehtnisnurkilxam.i
becomes a member of the selected imagery group.

Note: The maximum likelihood classifier assumes that the spectral signatures for each class in each
,revewoh,smhtiroglagniretsulC.)erutanninaissuaG,.e.i(detubirtsidyllamroneraelfiretsarrodnab

can create signatures that are not normally distributed. If this occurs, i.maxlik will reject them and
.desuebtonlliwserutangisehttubdeecorplliwmargorpehT.egassemgninrawayalpsid

13. IMAGE RECTIFICATION

Rectification is the mapping of an image from one coordinate system to another. The geometry
tonsimetsysetanidroocy,xnagnivahNOITACOLSSARGaotniepatmorfdetcartxeegaminafo

planimetric. To make an image planimetric, that is, to convert the x,y coordinate system into a stan-
etanidroocenalPetatSehtrometsysetanidroocMTUeht,elpmaxerof(metsysetanidroocpamdrad

system) points from a map having the standard coordinates must be associated with the same points on
-roocdradnatsgnitupninehtdnaegaminanostniopgnikramybenodsisihT.defiitcerebotegamina

dinates from a map. Then a least squares regression can be calculated using the two types of coordi-
ehT.tluserehtsistneicffieocnoitamrofsnartgniniatnocxirtamA.tniopdekramhcaerofsetan

transformation coefficients are used in an equation called a transformation equation to calculate a stan-
dradnatsehtgnivahegamicirteminalpdefiitcerA.egamiehtnilexipy,xhcaerofetanidroocdrad

coordinates is deposited in a target database.

sections 12,13
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:eraSSARGnissecorpnoitacfiitcerehthsilpmoccatahtsmargorpowtehT

1 i.points

yfitcer.i2

Note: i.points and i.rectify can be run either before or after i.cluster and i.maxlik. Please see section
.SEGAMIGNIHCTAP,51noitcesdnaECNEUQESMARGORPTUOBAETONA,41

13.1. i.points

i.points enables the user to mark coordinate system points on an image to be rectified and then
dewollofebtsumstniop.i.xirtamnoitamrofsnartafonoitaluclacroftniophcaefosetanidroocehttupni

by i.rectify which rectifies the image using the transformation matrix coefficients calculated in i.points.
ehtyfitnediotdnadesuebotnoitpoLLECTOLPehtelbaneotstniop.ierofebnurebtsumtegrat.i

database LOCATION in which the rectified image will be deposited following i.rectify.

:swollofmargorpehtfoyrammusA.rotinomscihpargafoesuehtseriuqerstniop.i

In the first step, the unrectified image is displayed, and points having known standard coor-
,dekramebottniopafonoitacolesicerpehtyfitnedioT.egamiehtnodekramerasetanid

i.points has a zoom option. In addition to marking points on an image to be rectified and
-lumisotnoitpoehtsahoslastniop.i,draobyekehtgnisusetanidroocdradnatsehtgnitupni

taneously display (using PLOT CELL) another map layer available in the targeted database,
.tniopdekramehtrofsetanidroocehtsareyalpamtahtrofsetanidroocdradnatsehtesudna

When this option is chosen, these coordinates are input automatically. Any GRASS map
gnisudeyalpsidebnacNOITACOLesabataddetegratehtniro,puorgtnerrucehtnireyal

i.points.

During the process of marking points and entering map coordinates, the user can compute
agnitaluclacybsihtseodstniop.i.deretnetniophcaerofrorre)erauqsnaemtoor(SMReht

transformation equation (the same one that is calculated in the GRASS program i.rectify),
ehT.noitauqeehtrofdetupmocerastneicffieoC.noissergerserauqstsaelagnisu

coefficients are then used in the equation along with the x,y coordinates of the marked
SMRfonoitaterpretniehT.rorreSMRrofnoitauqenaotnideggulperastluserehT.stniop

error is described in subsection 13.1.4., ANALYZE.

SMRgnitaluclacdna,setanidroocgniretne,)stniopgniretsiger(stniopgnikramroferudecorpehT
error is described in the following sections.

The first prompt in the program asks for the imagery group to be registered.

deretsigerebotpuorgyregamiretnE
Enter ’list’ for a list of existing imagery groups

gnitsilesobrevarof’f-tsil’retnE
Hit RETURN to cancel request
>

Note that if i.target is not run before i.points, the program will display the following error message:

gnissim]1tops[puorgrofnoitamrofnitegraT:RORRE
Please run i.target for group [spot1]

The imagery group entered above should contain the files that you wish to rectfy. After entering the
:egassemehtsyalpsidneercslanimreteht,deretsigerebotpuorg

use mouse now...

31noitces
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:neercsgniwollofehtsyalpsidrotinomscihpargeht,dnA

______________________________________________________________
)gam(emanelfitegrat)gam(emanelfiyregami______________________________________________________________

______________________________________________________________ ______________________________________________________________

______________________________________________________________
EZYLANALLECTOLPMOOZTIUQ______________________________________________________________




















 










































-repuseblliwunemnwod-popA.deyalpsidsitinehwegamiehtfonoitacfiingamehtotsrefer"gam"
imposed on the left half of the screen that looks like this:

_____________________________________
Double click on raster file to be plotted

lecnacoterehkcilcelbuoD_____________________________________

 



_____________________
Mapset mapsetname _____________________

spotclass1 spot1.1_____________________
composite1 spot1.2_____________________
spot1.3_____________________





  











dekramebnacstniopdna,stniopkramothcihwnodesuebyampuorgyregamiehtnielfielgnisynA
on more than one file in the imagery group to accumulate the suggested minimum number of 12 points.

-mocxirtamnoitamrofsnartehtnodesab)yfitcer.ignisu(defiitcerebnacpuorgyregamiehtnielfiynA
puted from these points.

The chosen imagery file is displayed in the upper left quadrant of the monitor at a default magnification
.elfiehtfoezisehtnodesab

13.1.1. ZOOM

To enlarge the displayed file, all you have to do is place the mouse cross hairs on the word
:neercsehtfomottobehttadeyalpsideblliwunemgniwollofehtdna,MOOZ

____________________________________________
MOOZfoepyttceleStnioPxoBlecnaC____________________________________________     

otesuomehtro,xobaekamotesuomehtrehtiegnisunoigermoozehtyfitnediotnoitpoehtevahuoY
mark two diagonal points of the desired region. The terminal screen will display a mouse menu to

31noitces
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.noigerehtfostnioprenrocehtgniyfitnediniuoyediug

13.1.2. Marking Points

While the image is displayed, the first thing you need to do is locate points on a standard map
netfoesuacebpetstnatropminasisihT.eesylisaenacuoytahtegamiehtnostniopotdnopserroctaht

points that look like good reference points on a map (i.e., road intersections stable landmarks, etc.) will
-tahwesu,txeN.pamdradnatsralymrorepapehtnostniopesehtelcriC.egamiehtnoelbisivebton

ever means you have available to identify as precisely as possible the standard coordinates for these
uoyecnO.tigid.vmargorp0.4SSARGehtyllaicepse,dednemmocersierawtfosgnizitigiD.stniop

have determined the standard coordinates (for example, the UTMs) of each circled point, you are ready
.egamideyalpsidehtnostniopehtkramot

To mark the points on the image that correspond to the points on the standard coordinate map,
MOOZotevahylbaborplliwuoy(dekramebotegamiehtfotniopehtnosriahssorcesuomehtecalp

to find the exact spot) and press the left hand button on the mouse. A diamond shaped symbol will be
:neercsgniwollofehtyalpsidlliwlanimretehT.egamiehtnodekram

_________________________________________________
taegamiehtnodekram1tnioP

East: 1023.77
North: -164.41












_________________________________________________
Enter coordinates as east north: _________________________________________________
























dna":tsaE"ehT(.egamiehtnodekramtniopehtrofgnihtrondnagnitsaeehtretnenehtnacuoY
"North:" displayed above are the x,y coordinates for the image.) When you enter an easting and a

tihylpmisnacuoy,etanidroocaretneottonediceduoyfI.devassitniopdekrameht,gnihtron
RETURN and control goes back to the mouse and the marked point disappears.

LLECTOLP.3.1.31

In addition to acquiring reference points from a standard map, you also have the option to acquire
gnicalpybdeyalpsidsipamesabatadtegratehT.esabatadtegratehtnipamamorfstniopecnerefereht

the mouse cross hairs on the words PLOT CELL. The following line is displayed at the bottom of the
:rotinom

____________________________________________
dettolpebdluohsedishcihwetacidnIlecnaC____________________________________________   

ebtonlliwnoitpoLLECTOLPeht,esabatadtegratehtnitneserpselfiretsaroneraerehtfI:etoN
available.

To indicate which side of the monitor is to be plotted, place the mouse cross hairs on the half of the
unemgniwollofehT.nottubesuomtfelehtsserpnehtdnaesuotekildluowuoytahtneercsrotinom

section 13
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:nesohcsawtahtneercsehtfoflahehtnoraeppalliw

_____________________________________
dettolpebotelfiretsarnokcilcelbuoD

Double click here to cancel _____________________________________





________________________
Mapset mapsetname ________________________

tm.rectified________________________
defiissalc.mt________________________

TNENAMREPtespaM________________________
ygoloegnoitavele________________________

sliosepols________________________
tcepsa________________________

sdaor________________________
smaerts________________________
sdlefiria________________________














  
























:rotinomehtfomottobehttasraeppaegassemgniwollofehtdeyalpsidsipamehtretfA

_____________________________________
neercsdraobyek>--dohtemtupni_____________________________________    

nacnoitpodraobyekeht,ecnereferevitarapmocasaylnopamesabatadtegratdettolpehtgnisunehW
be chosen and the standard coordinates from a hardcopy map corresponding to the marked points on the

-YEKdrowehtnosriahssorcesuomehtecalp,noitpodraobyekehtesoohcoT.nidepytebnacegami
BOARD and press the left button on the mouse.

If you select the SCREEN option, the points marked on the image will automatically be associated with
resuehtnehw,noitposihtnI.pamesabatadtegratehtnostniopgnidnopserrocehtmorfsetanidrooceht

marks a point on the imagery group raster file, the following screen is displayed on the terminal:

_________________________________________________
Point 5 marked on the image at

77.3201:tsaE
North: -164.41

Point located at
East: 679132.57
North: 4351080.67


















_________________________________________________
use mouse now..._________________________________________________

















 


















ehtnotniopdekramehtrofsetanidroocy,xehterarotinomehtfopotehtta":htroN"dna":tsaE"ehT
imagery group raster file. The "Point located at East: and North:" are the standard coordinates for the

31noitces
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-atadtegratehtrofsetanidroocehT.)sMTUesacsihtni(pamesabatadtegratehtmorftniopdekram
base map are automatically saved as the coordinates corresponding to the marked point on the image.

EZYLANA.4.1.31

After a number of points have been marked (four to seven), the RMS error of the points marked
EZYLANAdrowehtnosriahssorcesuomehtgnicalpybenodsisihT.dekcehcebnacegamiehtno

at the bottom of the monitor. The following error report is superimposed on the monitor:

__________________________________________________________________
error image target

htrontsaehtrontsaetegratlocwor#__________________________________________________________________
6.08015345.2319768.441-5.84010.19.0-0.01

2 0.4 1.0 1.3 2153.1 -567.2 684314.7 4399001.4
8.28675434.1487655.674-8.25416.5.0-2.1-3

4 1.1 0.5 1.3 1034.0 -109.2 677573.8 4352626.4
7.08015346.2319769.441-6.84012.410.417.2-5

__________________________________________________________________
64.4:rorresmrllarevo__________________________________________________________________











 












:rotinomehtfomottobehttasraeppaunemgniwollofehT

__________________________________________________________________
dedulcxe/dedulcniebottniopnokcilcelbuoDELIFTNIRPENOD__________________________________________________________________    

deltitbusdna"rorre"deltitnmulocehtrednudedrocersidefiitcergniebegamiehtrofrorreSMRehT
"row" and "col." In the above report, the marked point number 1 is 0.0 rows and -0.9 columns from

.noitauqenoitamrofsnartehtybdetaluclacnoitacoldetciderpeht

The RMS error for the target database map is recorded under the heading "error" and the sub-
titub,pamtegratehtfosetanidroochtronehtdnatsaeehtrofrorreSMRehtsisihT".tegrat"gnidaeh

is presented in the table using one general value.

The overall RMS error for the image is displayed at the bottom of the screen in meters. Points
.)scilatinierehdetneserper(rotinomehtnodernideyalpsiderarorreSMRhgihaetarenegtaht

The x,y coordinate of the point marked on the image being rectified is recorded under the heading
".htron"dna"tsae"sgnidaehbusehtdna"egami"

The standard coordinate of the point in the target database is recorded under the heading "target"
."htron"dna"tsae"sgnidaehbusehtdna

If the user would like to exclude or include a point, this can be accomplished by placing the
tniopehtfi(dedulcxero)tnesbasitniopehtfi(dedulcniebotrebmuntniopehtnosriahssorcesuom

is displayed) and then pressing the left button on the mouse twice. When a point is excluded, it is not
,revewoH.xirtamnoitamrofsnartlanfiehtnidedulcniro,rorreSMRehtfonoitaluclacehtnidedulcni

it can be retrieved within i.points at any time by double clicking with the mouse as described above.
rorreSMRehtdnaENODdrowehtnosriahssorcesuomehtecalp,noitpoEZYLANAehttixeoT

screen will disappear. You can then continue marking points on the image.

TIUQ.5.1.31

To exit the i.points program, place the mouse cross hairs on the word QUIT at the bottom of the

31noitces
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.devaseblliw)setanidroocgnidulcni(stniopdekramehtfolladnarotinom

13.1.6. Note

A good rule of thumb is to mark at least twelve to fifteen points evenly distributed over the entire
noitamrofsnartetaruccananiatbootredroni)selfitnereffidnodekramebyamyehthguohtla(egami

equation for the rectification process. The RMS error may increase with more points added but the
.etaruccaeromeblliwnoitauqenoitamrofsnart

An RMS error of less than or equal the resolution of the image being rectified is generally con-
.elbatpeccaderedis

13.2. i.rectify

i.rectify is the imagery function that rectifies an image by computing a coordinate transformation
margorpSSARGehtybdetaercxirtamtneicffieocnoitamrofsnartehtgnisuegamiehtnilexiphcaerof

i.points. i.rectify plugs the coefficients computed in i.points into an equation and then converts x,y
egamicirteminalpasitluserehT.egamiehtnilexiphcaerofsetanidroocpamdradnatsotsetanidrooc

with a transformed coordinate system (i.e., a different coordinate system than before it was rectified).

nA.egaminayfitcerotderiuqererasmargorphtobdna,yfitcer.ierofebnurebtsumstniop.i
image must be rectified before it can reside in a standard coordinate LOCATION, and therefore be

fonoitelpmocnopU.NOITACOLetanidroocdradnatsehtnisreyalpamrehtoehthtiwdezylana
i.rectify, the rectified image is deposited in the target standard coordinate LOCATION. This LOCA-

.tegrat.ignisudetcelessiNOIT

13.2.1. i.rectify Inputs

The first prompt in the program asks for the name of the group containing the files to be rectified.

defiitcerebotselfigniniatnocpuorgehtretnE
Enter ’list’ for a list of existing imagery groups

gnitsilesobrevarof’f-tsil’retnE
Hit RETURN to cancel request
>

This is the same imagery group that was selected in i.points and the group that contains the raster files
)s(elfiretsarehttcelesotdeksanehterauoY.setanidroocdetaicossariehtdnastniopdekramehthtiw

within the group to be rectified:

__________________________________________________________________
elfituptuonagnimanybyfitcerot)s(elfiehttcelesesaelP

spot1.1 in mapsetname .............
.............emantespamni2.1tops

spot1.3 in mapsetname .............
..1yfitcertopsemantespamni1ssalctops

spotreject1 in mapsetname .............

)selfiretsargnitsixefotsilategotemanynaybtsilretne(

AFTER COMPLETING ALL ANSWERS, HIT <ESC> TO CONTINUE
LECNACOT>C-lrtC<RO(__________________________________________________________________














 















tuptuoeuqinuanevigebdluohselfiretsarhcaE.emitatadefiitcerebyamelfiretsarenonahteroM
file name.

section 13
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:snoigerowtfoenotcelesotdeksaerauoy,txeN

Please select one of the following options
noitacoltegratehtninoigertnerrucehtesU.1

2. Determine the smallest region which covers the image
>

i.rectify will only rectify that portion of the image or raster file that occurs within the chosen region,
,eroferehttnatropmisitI.esabatadtegratehtnidetacolereblliwelfiretsarehtfonoitroptahtylnodna

to check the current mapset region in the target LOCATION if choice number one is selected.

,hctap.rmargorpSSARGehtgnisuelfirehtonaottihctapotsnalphtiwelfiagniyfitcererauoyfI
choose option number 1, the current region in the target location. This region, however, must be the

noigertluafedehtnahtrellamssidefiitcergniebelfianehW.NOITACOLtegratehtrofnoigertluafed
in which it is being rectified, zeros are added to the rectified file. Patching files of the same size that

sisihT.tluserdehctapehtnienilatad-onafoytilibissopehtsetanimile,atadorez-non/0niatnoc
because, when the images are patched, the zeros in the image are "covered" with non-zero pixel values.

.noigertluafedemasehtgnisuselfiehtfollayfitcer,dehctapebotgniogeratahtselfigniyfitcernehW

13.2.2. Program Execution

i.rectify will run in the background and notify you by mail when it is finished. The process may
ehtfoezisehtdna,selfiforebmuneht,egamiehtfoezisehtnognidnepederomroruohnaekat

region.

Note: The rectified image or rectified raster files will be located in the target LOCATION when the
.devomerrodefiidomtoneraselfidefiitcernulanigiroehT.detelpmocsimargorp

14. A NOTE ABOUT PROGRAM SEQUENCE

i.cluster and i.maxlik can be run before or after i.rectify without altering classification accuracy.
noitacfiitceR.noitulovnoccibucatondnamhtiroglarobhgientseraenasiyfitcer.iesuacebsisihT

using i.rectify, therefore, does not introduce changes in the raw spectral data. In addition, i.maxlik is a
ehtfidetceffatonsiycaruccanoitacfiissalcos,refiissalcdoohrobhgienatondnarefiissalctniop-rep

data has been previously rectified.

If an image is rectified first and then classified in GRASS, a few pointers are helpful. As
teydetcellocfopuorgbusanoylnosetareporetsulc.i,stupnIretsulc.i,.1.1.21noitcesbusnidebircsed

separate raster files. If you choose to rectify an image first, and then classify it, you must rectify all of
retsulc.iybdefiissalcebnacyehttahtos,)enonahteromlatottsumeseht(selfielgnissaselfiretsareht

as single raster files later. It is very easy in GRASS 4.0 to rectify more than one raster file at a time.
.stupnIyfitcer.i.1.2.21noitcesbusotrefer,enodsisihtwoheesoT

When classifying an image after rectifying it, i.cluster and i.maxlik will have to be run in the tar-
.yfitcer.ifogninnurehtgniwollofdetisopederaselfiretsardefiitcerehthcihwniNOITACOLteg

i.group will also have to be run in the target LOCATION after "deposition" and before running
.retsulc.iybderiuqerpuorgbusehtetaercot,retsulc.i

15. PATCHING IMAGES

15.1. Patching and the Image-Processing Sequence

Like all programs in GRASS, except for the i.tape programs, r.patch can be run in any GRASS
sihT.NOITACOLmetsysetanidroocpamdradnatsaroNOITACOLy,xnasitirehtehwNOITACOL

means that r.patch can be run either before or after image rectification. To run r.patch, image files to
ecneuqeslareveseraereht,gnihctapgniredisnocnehW.NOITACOLemasehtniebtsumdehctapeb

sections 13,14,15
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.selpmaxeeerhtera,woleB.snoitpo

Scenario One

dnabothctaptahtfotluserehtdna,egamirehtonafoadnabotegamienofoadnabhctaP1
a of a third image, and so on. The result of the last patch = band A.

dnabothctaptahtfotluserehtdna,egamirehtonafobdnabotegamienofobdnabhctaP2
b of a third image, and so on. The result of the last patch = band B.

dnabothctaptahtfotluserehtdna,egamirehtonafocdnabotegamienofocdnabhctaP3
c of the third image, and so on. The result of the last patch = band C.

aetaerclliwsihT.kilxam.idnaretsulc.ignisu,yllamronCdna,B,AsdnabehtyfissalC4
classified image.

5 Rectify the classified image (using i.points and i.rectify).

owToiranecS

.enOoiranecS3-1spetsnisasegamiforebmunnrofsdnabehthctaP1

2 Rectify the patched bands A, B, and C (using i.points and i.rectify). The rectified bands =
.selfietarapesllaeraCRdna,BR,AR.CRdna,BR,AR

3 Classify the rectified bands RA, RB, and RC, normally using i.cluster and i.maxlik.

.dednemmocersidohtemgniwollofeht,ecapsksiddetimilhtiwretupmocanognikrowerauoyfI

Scenario Three

roegamihcaerofssecorpgniwollofehtgnitaeperybyletarapesdauqroegamihcaeyfitceR1
quad:

- Run i.points on the image.

- Run i.rectify, selecting as the region option the default region for the target LOCA-
noitceleS.)noigergniyfitcerehtfonoitcelesgnidrager1.2.31noitcesbusees(NOIT

of this region will also eliminate a no-data line that can occur in the image after
-cesbusees(ylreporpdetsujdatonsawselfidehctapehtrofredaehllecehtfihctap.r

tion 15.2, Patching Unrectified Cell Files), or if the last row in a TM quad was
egaminafiro,)noitcartxEnmuloCdnawoR,.2.2.7noitcesbusees(detcartxe

header record was not skipped in 1600 bpi SPOT imagery (see subsection 7.3.6., A
tegratemassihtesU.elfietarapesasadnabhcaeyfitceR.)TOPStuobAdroW

LOCATION default region when rectifying the bands of the other images.

nacselfidnabwardefiitceR.noitacfiitcerretfaelfidnabdefiitcernuwarhcaeevomeR-
be used for everything for which an unrectified raw band file can be used

-mocagnikamerauoysselnu,eroferehT.).cte,atadwarfosisylana,etisopmoc.i(
parison of unrectified raw imagery with rectified raw imagery, the unrectified raw

.ecapsksidyrassecennupuekattsujlliwatad

2 Patch the like rectified bands of each image as in numbers 1-3 in Scenario One. The result
-cussihctapehtfI.Cdnabdefiitceradna,Bdnabdefiitcera,Adnabdefiitceraeblliw

cessful, you may want to remove the unpatched rectified bands.

.kilxam.idnaretsulc.ismargorpehtgnisuyllamron,Cdna,B,AsdnabdefiitcerehtyfissalC3
The result will be a single classified image. You may want to keep the rectified bands A,

.sisylanarehtrufrofdnuoraCdna,B

It is not recommended to classify images or quads separately and then patch them, because the
sitI.dauqroegamihcaeroftnereffidebyamretsulc.inidetareneg)seirogetaclartcepseht(sretsulc

also not recommended to patch digitized aerial images at all, either before or after classification,
degamifosecnatceflerlartcepsdetalerehteroferehtdna,sreyalnoislumemlfiehtfoytisnedehtesuaceb

features, may vary from image to image. When using r.patch make sure that the region is large enough

51noitces
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launamehteesgnihctapfossecorplautcaehttuobanoitamrofniroF.egamidehctapehtniatnocot
entries for r.patch, and the next subsection entitled Patching Unrectified Cell Files.

seliFlleCdefiitcernUgnihctaP.2.51

Unrectified raster files are those residing in an x,y coordinate LOCATION and are referenced by
,segamidefiissalc(selfiretsardefiitcernU.epatnoderotserewyehthcihwnisnmulocdnasworeht

imagery band raster files, band ratio raster files, etc.) to be patched then, will all be referenced with row
sa,snmulocdnasworesehtetacidnilliwelfidefiitcernuhcaerofredaehllecehT.srebmunnmulocdna

will the mapset region in which they were extracted (although, unless this region was saved or
sawegaminanoigereht,tonrostsixellitsnoigersihtrehtehW.)tsixeregnolonyamti,degnahcnu

extracted in (and therefore its x,y cell header) can be determined by using the g.region command.

-maxeroF.setanidroocecnerefergnippalrevororalimisevahyamdehctapebotselfidefiitcernU
ple, a subset of Quad One band one of a TM image containing the area of interest may have these coor-

:redaehllecstinisetanid

proj: 0
0:enoz

north: -0.5
5.0003-:htuos

west: 1000.5
5.0002:tsae

n-s resol: 1.0
0.1:loserw-e

and, a subset of Quad Two band one, to be patched to Quad One band one, may have these coordinates
:redaehllecstini

proj: 0
0:enoz

north: -0.5
5.0052-:htuos

west: 500.5
5.0052:tsae

n-s resol: 1.0
0.1:loserw-e

Notice the overlapping west and east coordinates. If these two bands were patched, they would be
-idroocehtegnahcot,erofereht,yrassecensitI.edisybedisfodaetsnirehtohcaefopotnodehctap

nates of the bands of one of the quads above by changing the coordinates in the cell header. This is
.troppus.rgninnurybenod

After typing the command support, the first prompt will ask for the raster file for which support
sihtroF.degnahcebotsdeentahtelfiretsarehtfoemanehtniepyT.detiderodetaerceboteraselfi

case, remembering how the TM quads are juxtaposed in the TM image, the Quad Two band one raster
.detcelessielfi

The following screen, showing the cell header for Quad Two band one, will be displayed:

REDAEHLLECYFITNEDI

__________________________________________________________________________________________________________
5.0-:EGDEHTRON

WEST EDGE EAST EDGE

51noitces
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5.00525.005
SOUTH EDGE:-2500.5 _____________________________________________________ _____________________________________________________

GRID RESOLUTION
0002:SLOC0.1:tseW-tsaE

North-South:1.0 ROWS:2500

0:NOITCEJORP
ZONE:0





























EUNITNOCOT>CSE<TIHSREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL)

osdegnahcebotdeentahtsetanidrooctsewdna,tsae,htuos,htronehtegnahc,redaehllecehttideoT
that the files to be patched will be connected at an edge and will not overlap. To patch Quad One band

:sihtotdegnahcebdluowredaehllecenodnabowTdauQeht,enodnabowTdauQoteno

IDENTIFY CELL HEADER

_____________________________________________________ _____________________________________________________
NORTH EDGE:-0.5

EGDETSAEEGDETSEW
2000.5 4000.5

5.0052-:EGDEHTUOS__________________________________________________________________________________________________________

NOITULOSERDIRG
East-West:1.0 COLS:2000

0052:SWOR0.1:htuoS-htroN

PROJECTION:0
ZONE:0



































EUNITNOCOT>CSE<TIHSREWSNALLAGNITELPMOCRETFA
(OR <Ctrl-C> TO CANCEL)

noowTdauQdnatfelehtnoenOdauQ,edisehtnodeniojeblliwdehctapebotsdnabowtehtecniS
the right, it is unnecessary to change the north and south coordinates. Only the west and east coordi-

-rooctsewwenehtsaemasehtsienOdauQfoetanidrooctsaeehttahtetoN.degnahcebotdeensetan
dinate of Quad Two. This will create a seamless patch.

When the changes have been made, hit <ESC> to continue, answer no to the other options in
tieriuqertahtselfiretsarllarofsredaehllecehtegnahC.dnelliwmargorptroppusehtdna,troppus.r

prior to running r.patch.

section 15


