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{ 2 {6 YOU'RE DONE! 97 SOME DETAILS 97.1 PS versus X: White versus Blak Bakground . . . . . . . . . . . . . . . . . . . . . . 97.2 X Window Preliminaries: Resizing Images . . . . . . . . . . . . . . . . . . . . . . . . 97.3 PostSript preliminaries: Use TrueColor! . . . . . . . . . . . . . . . . . . . . . . . . . 10It's easy to slap an image on your X window (terminal sreen) or PostSript window. Butannotating it with oordinates isn't quite so easy. Suppose you have a single two-d array and wantto make an image (that's one-dimensional olor). The x and y axes have meaningful values andyou want the image to inorporate those on a plot sale. And perhaps you want to make a ontourplot that overlies the image. Here's a quik tutorial.1. THE GLOBAL VIEW1.1. The Order in Whih We Do ThingsWhen doing PostSript, the olor table for the annotating haraters an be di�erent fromthat for the image. It's easier to hange these olortables only one. Moreover, you might as welladopt this philosophy for both X and PostSript. For this reason, when you inlude a olorbar,it's muh easier to �rst write both images and then write their annotation. This explains why weorder the ations as we do. The ations onsist of:1. Produe a window having a nie layout of borders (x2).2. Write the data image to the window with its partiular olortable (x3).3. Write the olorbar image to the window using the same olortable (x4).4. Change the olortable to write haraters (x5.1).5. Write annotation for the data image (x5.2).6. Write the annotation for the olorbar image (x5.3).If you want, you an interhange the order of doing the data and olorbar. The followingsetions desribe these ations in detail.



{ 3 {1.2. Our Version of olorbarOne more thing: if you want a olorbar, you an use Robishaw's olorbar as illustrated here;you get it automatially if you use our reommended IDL startup �le. There's another olorbarproedure out there from Fanning; it's di�erent and if you use it you are on your own (you anhek by typing do_library, 'olorbar').1.3. The variable named psIn keeping with our handout PSIDL on making PostSript, we de�ne the variable ps: equalto 0 for writing to the sreen and 1 to PostSript. For PostSript we use hardware fonts and forX we use vetor fonts, so when writing haraters we inlude the parameter font=ps-1. Our IDLstatements below inlude these parameters.2. PRODUCE A WINDOW HAVING IMAGE BORDERS AND ROOM FOR ACOLORBARYou are writing either to an X window or PostSript �le; we refer to either as the \window".In either ase, you need to make the window larger than the image so that there's room for theannotation and/or the olorbar. You usually don't want equal margins on all sides of an image.This wastes some spae beause you need to provide margin spae for oordinate labels, whihusually appear on only the left and bottom, so these two margins need to be wider than the rightand top. Also, you might wish to inlude a olorbar, usually on on the top or the right-hand side,and that ompliates the alulation of margins.So your �rst task is to think about aesthetis and pratiality and deide how muh spae youwant or need for the borders. You then use IDL to implement your deision. Here we make theimplementation easier and we also provide a straightforward way to generate a olorbar in x4.2.1. De�ne Those MarginsOur proedure img_bar_posns alulates positional information given your spei�ation ofmargin widths. Here, the word \margin" means the white spae surrounding the image and, also,the olorbar if there is one. The inputs are:1. w_left, the distane from the left-hand edge of the image to the left-hand edge of the plottingdevie, in units of the width of the image. This is the width of the left-hand margin, withinwhih labels will go and, also, some blank spae around the image. A reasonable value is 0.1,whih leaves some room for the vertial axis labelling.



{ 4 {2. w_right, the width of the right-hand margin. Often you don't need room for labelling on theright, so you ould use a small value like 0.05.3. w_bot, the width of the bottom margin in units of the height of the image. A reasonablevalue is 0.1, whih leaves some room for the vertial axis labelling.4. w_top, the width of the top margin. Often you don't need room for labelling on the top, soyou ould use a small value like 0.05.5. spae, the distane between the image and the olorbar in units of the image size (vertialsize for a horizontal olorbar on top, horizontal size for a vertial olorbar on right hand side).If there is no labelling on top of the image, this an be small (e.g. 0.03). If you don't have aolorbar, set spae=06. width, the width of the olorbar in units of the image size, as with spae. A value of 0.1often looks good. If you don't have a olorbar, set width=0There are four outputs, whih are used as the inputs to other proedures. The outputs are:1. imgposn, the 4-element vetor for image orner positions, normalized oordinates2. barposn, the 4-element vetor for olorbar orner positions, normalized oordinates3. f_hor, the horizontal window size in units of the horizontal image size4. f_ver, the vertial window size in units of the vertial image sizeFor no olorbar, the proedure all would beimg bar posns, 0.1, 0.05, 0.1, 0.05, 0, 0, imgposn, harposn, f hor, f verIf you want to use the default input to position the image, you an all the proedure with dummy(unde�ned) variables|say, a,b,,d,e,f:img bar posns, a,b,,d,e,f, imgposn, harposn, f hor, f verwhih assumes no olorbar; if you want the default values with a olorbar:img bar posns, a,b,,d,e,f, imgposn, harposn, f hor, f ver, /yesolorbar2.2. Create the WindowFirst, you need to open a window. You do this di�erently for your omputer sreen (X window,or X) and PostSript (PS):



{ 5 {1. For your omputer sreen, you need to generate an X-window of the proper size|with theborders and all. Suppose your image is 500� 400 pixels (X �Y ). Then you need to generatethe larger window so you have borders, whih you do with the window ommand, usingoutputs from img bar posns:loadt, 0window, 7, xs=f_hor*500, ys=f_ver*400(The loadt,0 is a preaution, needed only if you had been using exoti olor tables; itensures that the window bakground is blak.)2. If you want to reate a PostSript (PS) image, make sure you are using Trueolor visual lass.For your PS window, you don't need to do anything exept open it. We strongly reommendour psopen proedure, whih we disuss in our tutorial PSIDL).It is important to properly sale the aspet of the PS window, just like you sale the aspetof the X window. For the PS window you de�ne the x- and y-sizes by xsize and ysize (seeimmediately below), just like you did above for the X window with xs and ys. Keeping theaspet ratio the same means ysizexsize = ysxs: (1)So, in this ase, you might hoosepsopen, 'test.ps', xsize=f_hor*5., ysize=f_ver*4., /inh,/olor, /times, /bold, /isolatin1This makes the PS window size (f hor �5:�f ver �4) inhes. When opening a PostSript �lefor an image, the olor keyword is neessary if you are going to use GraySale or olor; theonly ase when it is not needed is with pure blak and white, as in a graph. Here we also havespei�ed a partiularly nie font to use on the PS image with the last three keywords; youmight wish something di�erent (and you ould even revert to the somewhat lumsy Hersheyfonts by eliminating all font-related keywords; see PSIDL).3. WRITE THE DATA IMAGE ONTO THE WINDOWThis is straightforward: you use the tv ommand with appropriate keywords that de�ne thesizes. Assume your image is a byte array named psi_b.



{ 6 {3.1. For Nondeomposed Color (a 1-d Image with a 256-element Color Table)For nondeomposed olor, you �tst load a olor table (e.g., you load a gratysale with loadt,0; you load STD GAMMA II with loadt, 5). Then you write the image on the sreen:tv, psi_b, imgposn[0℄, imgposn[1℄, /norm, xsize=1./f_hor, ysize=1./f_ver3.2. For Deomposed Color (a 2-d or 3-d Color Image)Alternatively, if you are using deomposed olor, whih you must be doing for a 2-d or 3-dolor image, then you have three images|the red, green, and blue versions of psi_b. You have towrite all 3, whih you do with the extra ommands on the �rst line:tv, [ [[psi_b_red℄℄, [[psi_b_grn℄℄, [[psi_b_blu℄℄ ℄ , true=3, $imgposn[0℄, imgposn[1℄, /norm, xsize=1./f_hor, ysize=1./f_verIf you will want a olorbar, you need to use the tvlt ommand to retreive the olor table used inmaking the image and, also, to de�ne the array olort for later use.tvlt, r,g,b,/getolrt= [ [r℄, [g℄, [b℄ ℄If you won't make a olorbar, you don't need these last ommands.4. IF YOU HAVE A COLORBAR, WRITE ITS IMAGE NOW!At this point we will write only the olorbar's image, not its annotation.4.1. For Nondeomposed Color (a 1-d Image with a 256-element Color Table)For nondeomposed olor, you enterolorbar, pos=barposn, XSTYLE=4, YSTYLE=44.2. For Deomposed Color (a 2-d or 3-d Color Image)You've already obtained the image olortable olort from the tvlt ommand above. Towrite the olorbar image:



{ 7 {loadt, 0olorbar, pos=barposn, rgb=olrt, XSTYLE=4, YSTYLE=4, irange=[0,5.5℄, gamma=0.55The seond line of this all to olorbar, whih ontains the optional inputs irange, gamma (forwhih we have set arbitrary numerial values in this example), applies only for a 2-d olor image,in whih lightness (intensity of the image) depits one quantity and olor the other; irange is thedata range represented by the intensity part of the image, and gamma is the power to whih theimage values are raised (as in equation 3 of IDIDL).5. WRITE THE ANNOTATION ONTO THE WINDOW5.1. Preliminaries: De�ne the Charater Color TableYou may have written your image in vibrant olor, so that eah element of your 256-elementolor table is good for representing the image; or you may have written a set of three RGB imagesinto your deomposed olor PS window. Either way, you probably want a di�erent set of olors foryour haraters and plotted lines. One way is to load a new olor table and hoose harater olorsfrom that.Muh easier: if you're using our startup �le, then for either X or PS, just entersetolors, /system_variables(or setolors, /sys for short). setolors provides the default olors. These inlude, �rst, theprimary olors and their omplements: !red, !green, !blue, !yan, !magenta, !yellow, !white, !blak;and four more nonprimary olors: !orange, !forest, !purple, !gray.5.2. Now Annotate the Data Image!For this you use the ordinary ommands you're familiar with: plot, xyouts, et. Suppose youjust want axes and no plotting or ontouring, then overwrite the axes on the image by doingplot, x_b, y_b, position=imgposn, olor=ps*!blak+(1-ps)*!white, $/xsty, /ysty, /norm, /noerase, /nodata, font=ps-1...Here we've assumed x b and y b are vetors of pixel oordinages; these are used to establish theaxis min and max values1. Note that we speify2 the olor in suh a fashion to make the axes white1Alternatively, you ould extablish the axis min and max values using xra and yra.2You'd better! See x5.4.



{ 8 {for X and blak for PS; normally this is what you want, beause X has a blak bakground andPS a white one. The /noerase keyword writes over the image without erasing it and the /nodatakeyword means \don't plot the data, just put on the axes". If you want ontours instead, thenenterontour, psi_b, x_b, y_b, position=imgposn, olor=ps*!blak+(ps-1)*!white, $/xsty, /ysty, /norm, /noerase, font=ps-1..., ...In either ase, add whatever axis titles and other info you want|these proedures have lots ofoptions.At this point you might want to use IDL's plots proedure to plot one or more symbolssomewhere on the image or xyouts to write a label. When you use these you should use eitherdata or normalized oordinates, not devie oordinates, beause devie oordinates are not de�nedfor PostSript. For example:xyouts, 0.3, 0.3, /normal, ORIENTATION=45, 'I AM FOREST GREEN!!', COLOR=!forest, $FONT=ps-1, CHARSIZE=2.05.3. Now Annotate the Colorbar Image!We assume a 1-d olorbar and want to write its annotation in blue (God knows why!):olorbar, pos=barposn, xtit='Veloity, Km/s', FONT=font, COLOR=!blue, /NOIMAGE5.4. SOB, SOB. . . My Axes Don't Come Out Blak on PS!If you are doing esoteri things with olor in PostSript, you might �nd that the plot orontour axes don't ome out blak! Sob, sob, sob. . . The solution: expliitly state the olor in theall to plot or ontour (by setting the keyword, for example: olor=ps*!blak+(1-ps)*!white). Why does this happen? In PS, the default olor for the axes is at the beginning of the olortable, index 0. For most olor tables, the �rst element is blak|most images go from blak towhite with inreasing intensity. But your olor table might not do this. A good example is thepseudo olor table, disussed in our memo 1d21d3d: the �rst element is red, so the axes ome outmagenta unless you expliitly state blak.



{ 9 {6. YOU'RE DONE!You're all done! Just one thing to remember: if you're in PS, the �le is empty until you loseit. So after you're �nished, enterif ps then pslosesetolors, /system_variables 7. SOME DETAILS7.1. PS versus X: White versus Blak BakgroundIf the labels of the plot extend outside the image, then you have to be areful with the labels'olors: on the sreen they are written on the sreen's blak bakground, but on the ps devie theyare written on a white bakground.Let's reiterate that point. The default bakground for X is blak, while that for PS is white.X uses white text on a blak bakground; this white text on PS's white bakground won't show.During the proess of making a pretty piture to publish, you might �nd it useful to give the Xwindow a white bakground so that it looks like the PS bakground. You an do this withbgfill, !whiteAs is made lear in the doumentation for bgfill, you've just painted the window with abakground olor; in order to put a plot on top of this bakground you must use the /noerasekeyword when you all plot (or ontour) or you'll just overwrite the olored bakground (or, forPS, your plot will end up on page 2 and your olored bakground will be on page 1).7.2. X Window Preliminaries: Resizing ImagesSuppose you have a two-d array alled psi, say (50 � 40), in whih the (x; y)-oordinates arede�ned by (50,40)-long vetors, respetively. You need to generate a onveniently sized image fordisplay purposes. Reall that your sreen has something like 1024�768 pixels, maybe more, so the50�40 image will oupy only a tiny area; you might (or might not) want your full image to oupymost of the sreen. So perhaps you want to resize your original image to (xsize = 500)� (ysize =400). These are integral multiples of the original size, so you an use rebin (as you almost alwaysshould: see below):xsize = 500



{ 10 {ysize = 400psi_b = bytsl( rebin( psi, xsize, ysize))x_b= rebin( x, xsize)y_b= rebin( y, ysize)Now go to x2.2.Comments:1. Do as we do above: be sure to treat the image and the oordinates identially!2. While you might want to inrease the array size to make its X-window image bigger, youdon't need to do this for PS. PostSript pixels are salable, whih means they will �ll thedesignated area of the PostSript image. If you use rebin to inrease the number of pixels ina PostSript image, the only thing you will aomplish is to inrease the PostSript �le size!3. With rebin, the expansion or redution fators have to be integers.4. You an also resize the image using ongrid, whih works for non-integral fators, as follows:xsize = 523ysize = 419psi_b = bytsl( ongrid( psi, xsize, ysize, /interp, /minus_one)x_b= ongrid( x, xsize, /interp, /minus_one)y_b= ongrid( y, ysize, /interp, /minus_one)With ongrid, it's important to understand those last two keywords; look at ongrid'sdoumentation and experiment with a 1-d array to see their e�ets. /interpmakes the resultsmooth, while not using it retains your original pixels; /minus_one a�ets the interpolationdetails.You might say, `Well, I'll always use ongrid|it's more exible". But be areful! ongridand rebin handle enlargement and ensmallment di�erently, and treat the edges di�erently.In partiular, using ongrid for downsizing an array always loses signal/noise. Don't useongrid unless you know what you're doing!!7.3. PostSript preliminaries: Use TrueColor!As disussed in IDIDL, omputer graphis ards an support multiple types of visual lasses.If you're using Solaris or Linux, you'll want to always start IDL in TrueColor when making PSimages; the reasons are beyond the sope of this doument. SuÆe it to say you will �nd odditieswith your displayed images if you hange a olor table using either PseudoColor or DiretColor



{ 11 {visual lasses beause they are dynami, meaning that hanging the olor table hanges what'salready been written on the sreen. The proess of annotating PS usually involves hanging theolor table. If you use the same ode for the X windows display that you do for PS, your hangingthe olor table for the harater writing will, with a dynami olor table, hange the appearane ofthe image on the sreen.


