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1 Purpose and Requirements

The exercises with WIM (=Windows Image Manager) and WAWI[M Automation

Module) are designed for students who want to gain practical experience in using digital
satellite imagery. While all the examples astngthe WIM and WAM software they

should be useful fdearning how to ussatellitedatain general.

It is assumed that WIM and WAM have been installed. Instructions and tips for installing
WIM and WAM are given in the ehof this document

2 WIM/WAM exercis es at a glance

2.1 Exercises with WIM

Exercise Name Details, requirements
Loading files File-Opendialog isNOT the preferred method. Better use Clic

(or double click) on the file name. Reading tple images at
once. Associate WIM with data fileSamplescomposite.hdf,
S2000*.hdfin Image$SeaWiF$aja_2000_april

© Mati Kahru, WimSoft



WIM and WAM Exercises

Right-click and left-
click

Looking up pixel detailspixel value, scaled valyeoordinates).
Selecting areas of interest.

Basic operations

Geoi Get Map OverlayMulti 1 Overlay Image; List of Images
Current Settings; Examir8tatistics Valid data range=xamine
Profiles ExamineHistogram

Changing colors

Palettes, LUTsViewSet Colors

Compositing images

Multi-Compositevith S2000*.hdfimages in
Image$SeaWiF$aja_2000_april

Bathymetry image
and depth conburs

GeoBathy Imagevith world_bathy 2mindat

Creating 3-component
RGB images

SeaWiFS imagew_|1la _mapped_byte.hidfImagesSeaWiFS

SeaWiIiFS Level3
(SMI) images

All files in Image$SeaWiF4.3

Calculating primary
production from a set
of 3 images (CHLO,

PAR, SST)

UseMulti-Primary productiorwith
S20000612000091.L3m_MO_CHL@and
S2000061200m91.L.3m_MO_PAR_9n Image$SeaWiF8.3
andSST image200003.s04m3pfvsest16b.screened.hdih
Image$SST

Tracking in situ
measurements on
images

Usingcomposite.hdin Image$SeaWiF&aja_2000_api, point
file ime9801.pntVector objectsable.Geoi Distance.

Utility fo r converting
between dates and
Julian days

julian YYYYMMDD
julian YYYY JDAY

Remapping and
overlaying images

Using SeaWiFS Level 3 chlorophyll with Polar Stereo projec
from Image$SSMIS3ACOAST.HDF

ScreenlLevel-3 images
for best quality

Usethe quality vale isI3m_qualto screen SST data in
I3m_datain file A20060602006090.L.3m_MO_SSTude
operationMulti-Mask w. Image

Edge Detection in Sea
Surface Temperature
Images

Find edges (fronts) in SST imeas using various methods, e.g.
TranstGradientsSobel, Edge&Shade Edge, EdgRIED.

Compare MODIS and
SeaWiIFS chlorophyll

Compare the SeaWiFS, Aqua and merged Seaiitt L3
CHLO products

products

SeaWiFS Level2 Red tide detection off Florida:

dat a: fABIl a{S2001265175156.L.2_HUSF.sub.mapdfdt2-Sep2001 in
of Florida Image$SeaWiF8.2; TranstBinarize

Using MODIS-Agua
Level-2 images

Download from
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http://oceancolor.gsfc.nasa.qgov/cgi/browse.pl?sen=am

Combining RGB Combine RGB land (as a RGB overlay) with pseadmr Chta
images with pseude | or SST images converted from Lexztata
color images

QuikScat Level2 Examine and composite wind splegata

products

Opening image files | Open NGSST raw binary file, manually set size, header, valy
the hard way scaling, projection and gdocation coefficients.

2.2 Exercises with WAM GUI applications

Exercise Name Details, requirements

wam_series Allows the user to selectively apphariousoperations to a serie
of images. Includes options for input and output formats, suk
area, filtering, overlays, converting, remapping, statistickor
stretch, etc.

wam_match Finding matchups between hsitu data and satellite images.
Creates a CSV text file with matelp statistics of a DX x DY
pixel window corresponding to in situ measurements.

wam_statist Use a series of masks (areas of interest) and a list of image
create time series of statistics for a series of images.

2.3 Exercises with WAM command-line applications

Exercise Name Details, requirements

wam_composite Reads a list of files, calculates mean composite and a count
image from all valid pixels, saves as HDF. Tries to create

attributes so that the start and end periods correspond to the
and last images, respectively.

wam_anomaly Reads all matching files, calculates monthly means or annug
means, createronthly or annual anomalies

wam_npp A batch process for creating primary production images fromn
setof component files€.g.CHLO, PAR, SST).

wam_statist_sta Calculates statistics for 3x3 pixel windows of images from a
of images and a list of points (stations).

wam_screen Batch preess to screen images, i.e. excluding low quality pix

wam_rgb_modis Batch process to create traelor RGB images from MODIS
bands 1, 4, 3t resolutions 1 km, 500 m and 250 m

wam turbidity Batch process to calculate turbidity images from MODIS ban
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and 2 at 250 m resolution.

Merging Level-2 Chl- | Batch process Levd filesfrom multiple sensors (Aqua, Terra
a and SSTdata SeaWiFs) into merged daily,-8ay,15-dayand monthly
composite®f Chla and SST

3 WIM exercises

The exercises use sample images fromrtaegesfolder. It is recommended that you

copy thelmagesfolder from the CD tahe Wimsoft folder oryour hard disKi.e. to

C:\Program FileSWimSof} for faster acces$lote that n Spanish (an malge some other

languagesthe default folder namis different(C:\Archivos de program&vVimsoftin the

Spanish version of WindowsjVhen using command line WAM programs inist

conveniento use long folder namesith space$ i Pwgrain File®. Ther ef or e, wh
working with satellite data (not just sample dapd@aseusesimplefolder names like

C:\sat C:\satSeaWiF4.3, C:\satAquaL3\montACHLO, i.e. sorted by serms name

product level (e.g. L3, L4period namand variable name.

3.1 Loading files

1 You can load an image with the stand File-O p e rdiédlogin WIM (an icon
on the toolbar) but a much faster way to fardl navigate betweehe necessary
image filesis with theWindows Explorerandthenloadng them by clicking (or
doubleclicking, depending on your Windows setup) on the filename. To be able to
do that you need to associate WIM with gaticularfilenameextension. Click (or
doubleclick) on any HDF image # (e.g.composite.hdin
Image$SeaWiF$aja_2000_april and selectwwim.exgtypically in C:\Program
FilesWimSof} as the program to open it with. You have to repeat that for HDF files
with a different extension (e.g. SeaWiFS global Le¥/éles like
S2M00612000091.L.3m_MO_CHL®in Image$SeaWiF8.3\Month) or Aqua
Level2 filesA*.L2_LAC Please notedafter selecting WIM to handle these files, you
have toselectfread as HDFO  f o file typehin VBIM. If you choose a wrong file
type then the Fe will not be correctly loaded (You can correct your error Wiw i
Settings Restore Defaults thatwill clearallpr evi ouesdap detl eit ypes.)

1 If you load images with th®penicon on the toolbar (merkile T O p e hydu need
to pay attention to #htype of images that you are trying to read. WIM can read and
write many types of images but you have to select the cdfilestof typein the
dialog. The next time you are trying to read or write an image the type used last time
is already selected agfault for you. In each folder you will be shoanly the files
with the extension that has been seletbvecbrrespond tthe selected file typd-his
may create a problem for a beginner WIM user. For example, the folder
Image$SeaWiF8 3\Month has fiveHDF files but not all of them have the extension
*.hdf. In fact, mostHDF files distributedby the NASA Ocean Color website do not
have the.hdf extensionFor example,fiyou try to load the &m Level 3 chlorophyll
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file S20060322006059.L3m_MO_CHLGth@n it does not show up in tiale-Open
dialog box.You can of course, type * or *.* tgee all the fileslf you are regularly

trying to operfiles thatare not shown then you can add your extensions to the default
extensions inView- Settings Extensims.However,it is bettemot to use thée-ile-
Opendialog at all and open files just by clicking or doubleking on them in

Windows Explorer.

1 The only advantage of using thée 1 O p e rdi@log is that gu can read multiple
images at once by clicking dhe Openicon on the toolbar (merkile i O p e hahd
selecting multiple files. For example, you can read all the HDF files from
Image$SeaWiF&aja_2000_apriin one step.

1 Each file can contain multiple images of its own. For example, you can load 3
SeaWFS LevellA images fromsw_I1la_mapped_byte.hidffolder Image$SeaWiFS

3.2 Right-click and left-click

1 To look up pixel values hold down thight button of your mouse and move the
mouse on the image. In the top part of the image window frame you will s al
the formatX;Y (Lon; Lat)=PV (SVjvhereX andY are image coordinateX E
distance in pixels from the leftmost columf- distance in pixels from the top row),
LonandLat are the corresponding longitude and latitude (note the order!), the pixel
value PV) and the scaled valu8Yin geophysical units). If the image has no
projection then the correspondibgt andLon are not shown.

1 Select an area of interest (e.g. a rectangle) by moving the mouse wift theton
down. Assuming that yoliave siccessfully openedomposite.hdfselect an area of
interest and apply thidistogramfunctionusing theHistogramicon on the toolbar or
menuExamineg Histogram- Calculate Many functions istogram, Statistics,
Profiles,etc.) operate on the selectedapf interest (either a rectangle or a line).

3.3 Basic operations

1 To create a coastline overlay for an image theVlap Overlaytool & in the
Toolbar orselect men@eoi Get Map OverlayThen pick a map file with global
coastlines, e.goast_inter.bor coast_crude.bWhen you do it for the first time you
have to locate the map fddolder (e.gC:\Program File§WimSoftMapsg. WIM
memorizes the locations and the parametadcswill apply those as default next time
When creating an oviely make sure that the background pixel value is 0 and the
foreground pixel value is either 251 white) or 1 {or black).

1 Create multiple coastline overlays€oGet Map Overlayusing different coastline
files (coast_crude.jcoast_low.bcoast_intem, coast_high.pcompare the
resolutions, overlay them on the sample image. The recommended coastlinidle is
1-km coastlines fileoast_inter.b
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| i | To overlay coastlines or other features on an image, click on the image in WIM,
then on the@verlayicon on the toolbar (dvulti T Overlay Imagen the menu). Make

sure the image number to be overlaid is correct. The current image is assumed when
looking up values or performing operations (&lgstogram Statistic$. You can

make an imageurrentby eitherleft clicking on it ordouble clicking on it in the

List of Imagesox. Question to you: Wheshouldyou useforeground pixel value

255 (white) or 1 (blacR Which ondo usefor SeaWiFS Level 3 files? Which ot

usefor files in thelmage$SeaWiF&aja_2000_aprifolder?

The basic information about an image is shown irLtbieof Imageshox but more

detailed image attributes are shown when clicking or = éAttributesicon on the
toolbar {iewi Attributesin the menu).

Scaling and other settings of an image are shown in the @uirent Setting®ox

(Setthgsicon 2 on the toolbar o¥iewi Settingdgn the menu). For example, check
that the scaling for thehlor_aimage in filecomposite.hdik Logarithmicwith Slope

= 0.015 andntercept=-2.0 (equivalent to theog-Chl scaling) and the projection is
Linear.

Get statistics for an area of your choice (select a rectangle with the mouse) by using
ExamineStatistics report Min, Max, Mean, St.Dev, Median;ihNrange, Nout-

range. Note and select a proper valid data range. Note homlitielata range

influences the results.

i Select ararea of interest by dragging the left mouse button (e.g. using file
composite.hdf. Draw profiles in the horizontal and vertical direction.

l-"l'i Select an area of interest, calculate and plot Histogexanjine- Histogranj.
Checkout theValues explain what the numbers mean.

2 Familiarize yourself with various options of the Settings pané&si(- Setting$,
check and if necessary, edit thetensiongox for your files.

3.4 Changing colors

There are 3 ways to change color in WIM.

T

Change colors by linear stretch W=E - this uses the same palette of 256 colors but
stretches them differently to correspond to pixel values from O toB35&hanging

the StartandEndvalues inColor Definitionyou set pixel alues less tha8tartto the
first color (e.g. black and pixel values larger th&ndto the last color of the palette
(e.g. white or pink, depending on the palette).

Switch between one of the 3 types of paletRainbow Grayscale Custom The
GrayscaleandRainboware built in. TheCustompaletteis loadedeither automatically
when loading the file omanuallywith File - Lookup Table Load LUT The default
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WIM and WAM Exercises 9

palette can ban Settings Speciali Default LUT. Now, switch betweerRainbow,
Grayscale CusompalettesHDF files can include their own palettdisa palette is
included in the HDF file then WIM can either use tha¢or use the default palette
depending if you have checked or unchecBettings Speciali Override LUT in
HDF.

1 Set a suitablédefault palettel(UT) in Settings Speciali Default LUT, e.g.
LUT\chl1_white_end.lut

3.5 Compositing images

1 Read all thes2000*.hdfimages inmage$SeaWiF%aja_2000_aprilat once by
clicking on theOpenicon on the toolbar (mertile i O p e hahd seleiing multiple
files. Or read them one by one by clicking (doudieking) on the filename.

1 Create a composite wittiulti-Composite Pay attention to théalid Rangevalues.
Try different options. The recommended values are 0.015 to 64 usiGgtipdysial
Values Explain thepixel andgeophysicalvaluesin the resultingwo new images.

1 Compare your results with the existing composited imagediteposite.hdfObserve
the differences witiMulti - Difference The difference image should look mostly
black(i .e. 0). However, there are some fAdot so
RightClick. It is obvious that there are minor differences with the image in
composite.hdbut the differences arainor. What could cause the differencéspour
course coersalsoWAM exercisesyou cando the same task later usitig
command line WAM prograrwam_composite

3.6 Bathymetry image and depth contours

1 Readcomposite.hdbr any other image with a projection. The projection is important
T without it you cannot create corresponding bathymetry image. Why? Ges
Bathy Imageselectworld_bathy 5mindat(in theMapsfolder) as the bathymetry
data file.Now try the same with the-@in bathymetry datanforld_bathy_2min.dat
Observe and explain the differences betwibem.

1 Create depth contours wixamine- Contour LinesSelect depth isobaths from 1000
m to 5000 m with a step of 1000 m and pixel value of 255. The depth contours show
as white. Overlay the depth contours on the bathymetry image: the contours are not
white, why? They are white aomposite.hdiWhy? How to make them white on the
bathymetry image?

1 Convert the (zbyte)int16bathymetry image toyte in Logarithmic scaling usin¢®
Transfi Converti BYTE- Logrithmic-Slope= 0.015 Intercept= 0. Check out the
differences between pixel values and scaled-(gg/sical) values between the int16
and lyte images. What are the differences?

1 Overlay the depth contosiiand possible coastlinea the scaledye bathymetry
image.
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3.7 Creating 3-component RGB images

1 Read 3 image bands from a sample mapped SeaWiFS1&veiage
sw_|la _mapped_byte.hidfImage$SeaWiFS

1 UseExaminegi RGB Imagédo createa RGB composite of the 3 bandxperiment
with various settings.

T To create a natowroalo li onalgien g siet t lhe®edr ed band
green band (555 nm) for tlié&&reenand blue band (412 nm) for tBéue component of
the RGB composite.

1 Try the following combination: Red 00255, Green = 4@55, Blue = 44255. Note
that the smaller maber must be on the lower scrollbar and the higher number on the
higher scrollbar

1 Save as JPEG, GIF or-bit Bitmap (BMP), confirm that the colors of the saved file
are OKby viewing in anotheprogram.

1 Please note thahe more complexrocedures of ceet i n gc ofl tRGBdnages
with MODIS datausingwam_rgb_modiss described in a separalecument
(Exercises_modis_250m. pdf

3.8 SeaWiFS Level-3 (SMI) images

1 Global SeaWiFS Leve® images areisually referred to aStancird Mapped Images
(SMI). With the nominal resolution & km at the equatdheimage sizas 4320 x
2160pixels (4096 x 2048n older versions)MODIS Aqua and other datasets are also
distributed at 4 km nominal resoluticBMI images are usually compagsit for daily,
8-day, monthly and annual time perio@heck out all files inmage$SeaWiF8.3.

Keep in mind that these files are in HDF format butetkiensios are differentThe
extensiordepends on theeriod and resolutigre.g.*.L.3m_MO_CHLQ 9for
monthly 9-km Chl data and.L3m_MO_PAR9 for monthly9-km PAR dataSet up
the association between WIM and thé&kes by dicking (doubleclicking) on the file
and therselectingWWIM as the applicatiofsee exercis8.1Loading Fileg. Check out

the attrilutes with =" and find theunits and the timeompositing timeperiod (start
year and day, ehyear and day)What month is that?

1 What is the purpose of making composites with over time? Compare the coverage of
daily, 8day, monthly and annual CHLO filesxplain the differenceExplain the
patterns of missing data in the daily CHLO ima@elculate th@aumberof missing
pixels forselected daily, ®lay, monthly and annual CHLO images in 188&g the

Histogramtool (l-"l'i). Present these numbers in a table. #Mdaethey show®o you

getthe numbers of missing data pixels8#62,051; 6,011,4404,583,810;

3,858,275or, respectivelythe daily, 8day, monthly and annual CHLO image
Calculate the change in ocean coverage (i.e. % of ocean pixels with valid CHLO
values) from daily to annual composites. Tip: subtract the land and coastline pixels
that you can get frofland_4320x2160.hdh Image$SeaWiF8.3. Create a tablésee
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below)with pixel counts and percentages floe daily, 3day, monthly and annual
images. Explain the changes

Number of Number of Valid Valid % Number
Missing Valid % of of of Total
Pixels Pixels Total Ocean Pixels
Daily Land
8-day Coast
Land +
Month Coast
Total
Annual Ocean

9 Cut out rectangulesubsets in your area of interest, create coastlines for them with
Geo- Get Map Overlaywith coast_inter.b Which pixel value is best to use for

B0
coastlines? Why? U<BO to stretch the colors to best visualize the spatial streiaur
the ocean.

3.9 Calculating primary production from a set of 3 images
(CHLO, PAR, SST)

1 Load a set of 3 monthly images: SeaWiFS chlorophyll image
S20000612000091.L3m_MO_CHL@andSeaWiFS PAR image
S20000612000091.L3m_MO_PARN Image$SeaWiF8.3\monthand AVHRR
Pathfinder SST imag200003.s04m3pfvaeest16b.screened.hdifi Image$SST. Note
that they all represent monthly data from March, 2@hfirm that all images

represent the same time peri@heck the Attributesiew-Attributes icon on
toolbar ) of the i mages. Confirm each i mageds

1 UseMulti - Primary Productionwith default settings) to create a PP image. Make
sure that you have selected the right image numbers for the CHIRDaRASST
images, respectively.

1 Realize that the compontimages have to be of the same size. GseRemap
Projectionor the corresponding Toolbar icon to remap the SST image to the size of
other images.

1 Check the Pixel type and the size of the PP image fromishef Imagescompare
the attributes usinthe Attributesicon on the Toolbar. What are the units? How can
we get primary production per month?

1 You can convert the {(Byte) int16 PP image toyte in Logarithmic scaling usin®
Transfi Converti BYTEI Logrithmici Slope= 0.015 Intercept= 0.
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WIM and WAM Exercises 12

1 To calculate PP for set ofmany image triplets it is better tsea WAM commane
line programwam_npp. See the section owam_npgn this documenanda separate
tutorial Tutorial_Primary Productivity.pdfparagraph 5).

3.10 Tracking in situ measurements on images

1 Load the composited SeaWiFS Chl image of the Baja Californiacareposite.hdin
Image$SeaWiF$aja 2000 _april Load a sample point filene®B01.pntin
Image$SeaWiF%aja 2000_apriwith GeoGet Vector Object®oint (Bitmap Only,
Geographic Lon, Lat, Float Lon Latylanually select extension *.pnt as the default
extension is *.csvlhese are actuatations from a Mexican cruise IMECOCAL
9801

1 Select a point in th&ector objectsable and see which one is blinking. Select
Statisticsfor the selected point. The statistics is calculated for a 3 x 3\pirdbw
centered at the point. NoteetNin (= number of pixels in validange) andNout (=
number of pixels out of valithnge)values

1 You canselect one or more (or all) the points aadeall the statisticinto atextfile,
e.g.junkcsvwith theSave Lat,Lon,Valubutton Note thatin order to get correct
statistics you need to set a catrealid data range-or LogChl scaling the valid data
range is 0.011 to 64. Explain thiébu canalsochange the valid data range in
Examine- Statistics Now load the saved file into a text editor, &Ngtepad or MS
Exceland verify the file formatDo not use th&avebutton that saves in an HDF file
(it is not an image file that WIM can rea®gelect all the points in théector objects
table anl delete them allyou can also try to load the points from #aved point file
junk.csvagain.You can @ that as the basic format of the fileAgitude, Latitude,
Value is the same.

1 Familiarize yourself with the variougctor objectypes (Point, Transect, Rectangle
Drifter Track, Vecto}, Coordinate (XY vs. LontLat), drawing (bitmap vs. image
buffer) optionsand with theVector Objectsable

1 UseGeo Get Vector Objects Drifter Trackand selectlrifter_track _test.pnthat
represents an imaginary drifter track fidote the start (circle) and end of the drifter
track.

1 Load more point objects and diay with a different symdl (select other than
Standardwhen reading the pointsYou can make the points with pixel value 255
(white) and then load and overlay the same points with a differento$ymd
different color (e.g. 220ed). Thisimprovesthe o mbi ned sy mhaad 6s vi si &
an image fron2nd_ovl.hdin theProgram File§Wimsoftfolder and reproduce it!

1 Create some samplEranseciobjects withGeoi Distancei Savel Close Save as a
*.trk file. Load the savetitrk file usingGeoi Trackingi Transect Select individual
Transect objects, show their profiles, calculate statistics along the transect.
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1 For more automated finding of matches between many points and many images you
can use the graphical WAM utilityam_matcl{see the exercise avam_match. For
automated point statistics usam_statisbr wam_statist_sta

1 See aseparate tutoriain validation of satellite datButorial_Validation.pdf

3.11 Utility for converting between dates and Julian days

Many image file names use the day of the yakso(calledJulianday of the year) instead
of the date. A simple command line utiljtfian.execonvertsbetween a date and a
Julianday.

Syntax:j  ulian YYYYMMDD => converts date to Julian day
or: julian YYYY JDAY => converts julian day to date

For example:
julian 20011123
YYYYMMDD=20011123 => Julian Day=327

shows that November 23 of 2001 is Julian Day 32y the reverse calculation:
julian 200 1 327
Jul ian Day=327 => Year= 2001 Month=11 Day=23

3.12 Remapping and overlaying images

1 Load any Level3 standard mappadage(SMI, e.g. inimage$SeaWiF8.3\Month)
and another image frooomposite.hdih Image$SeaWiF$aja_2000_april Using
GeoRemap Projectionemap the SMI image tie projection oEomposite.hdfising
Forward mapping. Then do the opposite, remap the local imagenposite.hdfo
the projection of the SMI image. Try to find it by scrolling the big black image up
and down and left to righNow create a coastlirmverlay for itwith GeoGet Map
Overlaywith coast_inter.bpixel value 255, overlay it on top of the last remapped
image. Repeat the previous remapping operations Usiegsemapping.

1 Try to create an image that looks like the following image. Notetlleatoastlines are
black; latitude-longitudegrid is white. Try to reproduce it as close as possible.

Hint 1. Projection isPolar Stereo (S3A9f the SSMI products
(Image$SSMIS3ACOAST.HDF the data is SeaWiFS Levelchlorophyll.

Hint 2: use an annuabmposite or a monthly composite from a boreal winter month
as during boreal summer (austral winter) Chl detection using ocean color is very
limited due to the low sun elevation.
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3.13 Screen Level-3 images for best quality

1 Many MODIS and AVHRR Pathfinder versiondobal Level3 SSTdatasetsare
distributed at various quality level&.separate imaggpecifieshe quality indeof
the dataBefore usinghese SSTata you should evaluate the quality pixels first.
Typically thelower-quality pixels argpossiblycontaminated by cloudsnd should be
eliminated Subpixel, thin or otherwise undetected clouds usually cause cold
anomalies as clouds are almost always colder than the sea surface. However,
someti mes fAf adssignedp.e. piels suspectedto [z rcantaminated by
clouds are actuallgue tosharp SST frontsThe purpose of thecreeningoperation is
to excludethe lowquality or questionableataby setting those pixels to zepoel
value(i.e. outside the vali pixel range)
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