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TIFF is an extremely common but quite complex raster image format. Libtiff isa Writing a color image

standard implementation of the TIFF specification that is free and works on many

operating systems. This article shows you how to use libtiff for grayscale and color Wrm ng a paletted color
imaging. Image

Reading a color image

This article -- a continuation of the previous article on black and white graphics programming

with libtiff -- covers grayscale and color imaging. It assumes that you have read and Advanced topics
understand the code from the black and white article. Conclusion

First let's review some theory about how the image datais stored for color and grayscale. Resources

This theory appliesto al imaging formats. Then we'll cover the specifics of using libtiff. About the author
A bit of terminology Rate this article

Images are made up of pixels. In black and white imaging, the pixel has one of two values, 0
or 1. This can be represented in asingle bit. For grayscale and color images however, the
pixel needs to store a much greater range of values; if a pixel wasto have 255 levels of gray,

Related content:

we would need 8 hitsto store that pixel. Each of these valuesis called asample. TIFF C_;raphics programming with
expresses the size of the valuein atag called Tl FFTAG Bl TSPERSAVPLE. Thiswill be1  [1btiff, Part 1
for black and white, and some larger number for grayscale. Subscribe to the

For color images, we need to store even more information. For each pixel we will need to developerWorks newsl etter

store ared, green, and blue value. Each of these valuesis stored in a separate sample.
Therefore, we will need to define TI FFTAG_SAMPLESPERPI XEL. Thiswill be 1 for black

Alsoin the Linux zone:

and white, or grayscale, but will normally be 3 for color images. We also need to define the Tutorials
size of each sample, so we'll still need to set avaue for TI FFTAG_BI TSPERSAMPLE. Tools and products
Theory of color and grayscale storage Code and components

Thefirst thing we need to understand to be able to support color and grayscaleimagesisthe  articles
format of the image data within memory. There are two main representations for color and
grayscale images. I'll explain these by describing grayscale, and then extend it to color.

Direct storage of pixel data

If you remember the way pixel information was stored in the black and white images from the previous article, the
information was just in the strips. Y ou can also do this with grayscale and color images, but this representation of image
datais quite inefficient. For example, in a scenario in which the image has a solid background, there are many pixels with
the same value. If the pixel datais stored in the strips, then this value will waste alarge amount of space.

Thankfully, there is amore efficient way to store image data. Imagine a simple four-color, 24-bit-per-pixel image. If we
build alookup table of the four color values (the 24-bit values that represent those colors), then we just need to store the
relevant entry number of the color in the image strip itself. This can be done in only two bits, instead of the full 24.

The math looks something like this: A 24-bit color image that is 1,000 by 1,000 pixels will take 24 million bits to store.
The sameimage, if it was afour color image, would take 4 million bits for the strip data, and 98 bits for the color table.
Neither of these numbers includes header and footer information for the file format, and the numbers are for uncompressed
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bitmaps. The advantages of the lookup table are obvious. This style of lookup table is called a palette, probably because of
those things painters carry around.

This concept works for grayscale images aswell. The only difference is that the "colors' in the palette are just shades of
gray.

Compression algorithms in libtiff
Several compression algorithms are available within libtiff. The table below helps sort them out.

Table 1. Libtiff compression algorithms

Compression algorithm | Well suited for TIFFTAG
CCITT Group 4 Fax and | Thisentry is here for COVPRESSI ON_CCl TTFAX3,
Group 3 Fax completeness. If you're COVPRESSI ON_CCl TTFAX4

coding for black and white
images, then you're
probably using the CCITT
fax compression methods.
These compression
algorithms don't support
color.

JPEG JPEG compression isgreat | COMPRESSI ON_JPEG
for large images such as
photos. However, the
compression is normally
lossy (in that image datais
thrown away as part of the
compression process). This
makes JPEG very poor for
compressing text which
needs to remain readable.
The other thing to bear in
mind isthat thelossis
cumulative -- see the next
section for more
information about this.

LZW Thisisthe compression COMPRESSI ON_LzZzW
algorithmused in GIF
images. Because of the
licensing requirements
from Unisys, support for
this compression codec has
been removed from libtiff.
There are patches
availableif you would like
to add it back, but the
majority of programs your
code will integrate with no
longer support LZW.

Deflate Thisisthe gzip COVPRESSI ON_DEFLATE
compression algorithm,
which isalso used for
PNG. It isthe compression
algorithm | would
recommend for color
images.
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Accumulating loss?

Why does the lossin lossy compression algorithms such as JPEG accumulate? Imagine that you compress an image using
JPEG. Y ou then need to add, say, a barcode to the image, so you uncompress the image, add the barcode, and recompress
it. When the recompression occurs, a new set of loss isintroduced. Y ou can imagine that if you do this enough, then you'll
end up with an image that is a big blob.

Whether thisis a problem depends on the type of your data. To test how much of aproblem thisis, | wrote asimple libtiff
program that repeatedly uncompresses and recompresses an image. What | found was that with pictures, the datais much
more resilient to repeated compression.

Figure 1. The pictur e before compression

Figure 2. The sample text before compression
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The code | used had a"quality” rating of 25% on the JPEG compression, which isaway of tweaking the |oss of the
compression algorithm. The lower the quality, the higher the compression ratio. The default is 75%.

Figure 3. The picture after 200 recompressions

Figure 4. Thetext after 200 recompressions
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Writing a color image
Now we'll write a color image to disk. Remember that thisis a simple example and can be elaborated on greatly.
Listing 1. Writing a color image

#i ncl ude <tiffio. h>
#i ncl ude <stdi o. h>

int main(int argc, char *argv[]){
Tl FF *out put ;
uint32 wi dth, height;
char *raster;

/1 Open the output inage

i f((output = TIFFOpen("output.tif", "w')) == NULL){
fprintf(stderr, "Could not open outgoing imge\n");
exit(42);

}

/1 W& need to know the width and the hei ght before we can mall oc
w dth = 42;

hei ght = 42;

if((raster = (char *) malloc(sizeof(char) * width * height * 3)) == NULL){
fprintf(stderr, "Could not allocate enough nenory\n");
exit(42);

}

/1l Magical stuff for creating the inage

11

/1 Wite the tiff tags to the file

TI FFSet Fi el d(out put, TI FFTAG_ | MAGEW DTH, w dt h);

Tl FFSet Fi el d(out put, Tl FFTAG | MAGELENGTH, hei ght);

Tl FFSet Fi el d(out put, TI FFTAG COVWPRESSI ON, COVPRESSI ON_DEFLATE) ;
TI FFSet Fi el d( out put, TI FFTAG_PLANARCONFI G, PLANARCONFI G_CONTI G ;
Tl FFSet Fi el d(out put, TI FFTAG PHOTOVETRI C, PHOTOVETRI C_RGB) ;

Tl FFSet Fi el d(out put, Tl FFTAG Bl TSPERSAMPLE, 8);

Tl FFSet Fi el d( out put, TI FFTAG_SAMPLESPERPI XEL, 3);

/1l Actually wite the inmage

i f(TIFFW i teEncodedStrip(output, O, raster, width * height * 3) == 0){
fprintf(stderr, "Could not wite imge\n");
exit(42);

}

Tl FFC ose(out put) ;

}

This code shows some of the things we've discussed in theory. The image has three samples per pixel, each of eight bits.
This means that the image is a 24-bit RGB image. If this was a black and white or grayscale image, then this value would
be one. The tag PHOTOVETRI C_RGB says that the image data is stored within the strips themselves (as opposed to being
paletted) -- more about thisin a minute.

The other interesting thing to discuss here is the planar configuration of the image. Here I've specified

PLANARCONFI G_CONTI G, which means that the red green and blue information for a given pixel is grouped together in
the strips of image data. The other option is PLANARCONFI G_SEPARATE, where the red samples for the image are stored
together, then the blue samples, and finally the green samples.
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Writing a paletted color image Other valuesfor samples per pixel?
So how do we write a paletted version of thisimage? Well, _ _
libtiff makes this really easy -- all we need to doischange | Inmy example, | have three samples per pixel. If thiswas
the value of TI FFTAG PHOTOVETRI Cto ablack and white image, or a grayscale image, then we
PHOTOVETRI C_PALETTE. It'snot realy worth including | Would have one sample per pixel.

an examplein thisarticle, given it's a one word change. There are other valid values as well- for instance

Reading a color image sometimes people will store a transparency value for a
Now all we have to do iswork out how to read other people's | 9ven pixel, an alpha channel. Thiswould result in having
color and grayscale images reliably, and we're home free. four samples per pixel.

Initially, | was very tempted to gloss over the
Tl FFReadRGBASt ri p() and TI FFReadRGBBSTI | e()
calls, which hide some of the potential ugliness from the

It is possible to have an arbitrary number of samples per
pixel, which isgood if you need to pack in extra

_ e information about a pixel. Note that doing this can break
caller. However, these functions have some limitations, image viewers that make silly assumptions -- | once had to
which are expressed in the TIFFReadRGBAStrip() man page!| \urite code for a former employer to strip out alpha

TIFFReadRGBAStrip() man page excer pt channels and the like so that their PDF generator wouldn't

Tl FFReadRGBASt rip reads a single strip of a strip-based image i nto nenory,
storing the result in the wuser supplied RGBA raster. The raster is
assuned to be an array of width tines rowsperstrip 32-bit entri es,
wher e w dt h is the width of the imge (TlIFFTAG | MAGEW DTH) and
rowsperstrip is the maximumlines in a strip (Tl FFTAG ROASPERSTRI P) .

The strip value should be the strip nunber (strip zero is the
first) as returned by the TIFFConmputeStrip function, but always for sanple O.

Note that the raster is assume to be organized such that the pixel
at location (x,y) is raster[y*width+x]; wth the raster origin in the

| ower-left hand corner of the strip. That is bottom to top organization.
Wen reading a partial last strip in the file the last [ine of the imge
will begin at the beginning of the buffer.

Raster pixels are 8-bit packed red, green, blue, al pha sanples. The
macros Tl FFGetR TIFFGetG TIFFGetB, and TIFFGetA should be used to
access individual sanples. |Inmages w thout Associated Al pha matting

i nformati on have a constant Al pha of 1.0 (255).

See the TIFFRGBAI mage(3T) page for nore details on how various inage types
are converted to RGBA val ues.

NOTES

Sanpl es nust be either 1, 2, 4, 8, or 16 bits. Colorinetric sanpl es/ pi xel
must be either 1, 3, or 4 (i.e. SanplesPerPixel m nus ExtraSanples).

Palette image colormaps that appear to be incorrectly witten as 8-hit
val ues are automatically scaled to 16-bits.

Tl FFReadRGBAStrip is just a wapper around the nore general

TI FFRGBAI mage(3T) facilities. It's main advantage over the simlar

Tl FFReadRGBAI mage() function is that for |arge i nages a single buffer
capable of holding the whole image doesn't need to be allocated, only
enough for one strip. The Tl FFReadRGBATi | e() function does a simlar
operation for tiled inmges.

There are a couple of odd things about this function. First, it defines (0, 0) to be in a different location than all the other
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code that we have been writing. In the previous code, the (0, 0) point has been in the top left of theimage. This call defines
(O, 0) to be in the bottom Ieft. The other limitation is that not al valid values for bits per sample are supported. If you find
these quirks unacceptable, then remember that you can still use TI FFReadEncodedSt ri p() inthe same manner that |
did for the black and white images in the previous article.

Listing 2. Reading a color image with TIFFReadEncodedStrip()

#i ncl ude <stdi o. h>
#i ncl ude <tiffio. h>

int main(int argc, char *argv[]){
TI FF *i mage;
uint32 width, height, *raster;
tsize_t stripSize;
unsi gned | ong i nmagesi ze, ¢, d, e;

/'l Open the TIFF i nage

if((image = Tl FFOpen(argv[1], "r")) == NULL){
fprintf(stderr, "Could not open incom ng inmage\n");
exit(42);

}

/1l Find the width and hei ght of the imge

TI FFGet Fi el d(i mage, Tl FFTAG | MAGEW DTH, &w dt h);
Tl FFCGet Fi el d(i mage, Tl FFTAG | MAGELENGTH, &hei ght);
i mgesi ze = height * width + 1,

if((raster = (uint32 *) malloc(sizeof (uint32) * imgesize)) == NULL){
fprintf(stderr, "Could not allocate enough menory\n");
exit(42);

}

/! Read the inmage into the nmenory buffer
i f(TI FFReadRGBASt ri p(i mage, 0, raster) == 0){
fprintf(stderr, "Could not read i nmage\n");
exit(42);
}
/Il Here | fix the reversal of the imge (vertically) and show you
/'l how to get the color val ues from each pi xel
d = 0;
for(e = height - 1; e !=-1; e--){
for(c = 0; ¢ <width; c++){
/! Red = TIFFGetR(raster[e * width + c]);
/Il Geen = TIFFGetGraster[e * width + c]);
/'l Blue = TIFFGetB(raster[e * width + c]);

}
}

free(raster);
Tl FFA ose(i mage) ;
}

Advanced topics
WEell, now that we've covered reading and writing basically any image format we can think of, there are two final topics.

Storing TIFF datain places other than files
All the examples to this point have read and written with files. There are many scenarios in which you wouldn't want to
store your image datain afile, but would still want to use libtiff and tiff. For example, you might have customer pictures
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for id cards, and these would be stored in a database. An expanded example

The example | am most familiar with is PDF documents,

where you can embed images into the document. These If you need more information about hooking the file input
images can be in a subset of TIFF if desired, and TIFF is and output functions within libtiff, take alook at the
clearly the choice for black and white images. images.c filein Panda, my PDF library. The Web pages for

Panda can be found in Resources later in this article.

Libtiff allows you to replace the file input and output

functionsin the library with your own. Thisis done with the TI FFCl i ent OQpen() method. Here's an example (please
note this code won't compile, and is shown only to describe the main concepts):

Listing 3. Using TIFFClientOpen

#include <tiffio.h>
#i ncl ude <pt hread. h>

/'l Function prototypes

static tsize t libtiffDumryReadProc (thandle t fd, tdata t buf, tsize t size);
static tsize_t libtiffDumyWiteProc (thandle_t fd, tdata_t buf, tsize_t size);
static toff_t libtiffDunmySeekProc (thandle_t fd, toff_t off, int i);

static int libtiffDumyC oseProc (thandle t fd);

/'l W need gl obal s because of the call backs (they don't allow us to pass state)
char *gl obal | mageBuf f er;
unsi gned | ong gl obal | mageBuf fer O f set;

/'l This mutex keeps the globals safe by ensuring only one user at a tine
pt hread_nutex_t convMiutex = PTHREAD MUTEX | NI Tl ALI ZER;

TI FF *conv;

/'l Lock the nutex
pt hread_nut ex_| ock (&convMit ex);

gl obal I mageBuf fer = NULL;
gl obal | mageBuf ferOf f set = 0;

/1 Open the dummy docunent (which actually only exists in nmenory)

conv = TIFFd i ent Qpen ("dumy”, "w', (thandle_t) - 1, libtiffDumyReadProc,
libtiffDummyWiteProc, |ibtiffDunmySeekProc,
['ibtiffDummyd oseProc, NULL, NULL, NULL);

/'l Setup the image as if it was any other tiff inmage here, including setting tags

/1 Actually do the client open
TI FFW i t eEncodedStrip (conv, 0, stripBuffer, inmageCfset);

// Unl ock the mutex
pt hread_nut ex_unl ock (&convMit ex) ;

[EEEErrrrrrrrirrlill Callbacks to libtiff
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static tsize t
l'ibtiffDumyReadProc (thandle_t fd, tdata_t buf, tsize_t size)

{
// Return the anpbunt of data read, which we will always set as 0 because
/'l we only need to be able to wite to these in-nenory tiffs
return O;

}

static tsize_t
libtiffDumyWiteProc (thandle t fd, tdata t buf, tsize t size)
{
[/ libtiff will try to wite an 8 byte header into the tiff file. W need
// to ignore this because PDF does not use it...
if ((size == 8) && (((char *) buf)[0] =="1") && (((char *) buf)[1] =="1")
&& (((char *) buf)[2] == 42))
{
/1l Skip the header -- little endian

}
else if ((size == 8) & (((char *) buf)[0] == 'M) &&
(((char *) buf)[1] == "'M) & (((char *) buf)[2] == 42))

/'l Skip the header -- big endian
}

el se
{
/| Have we done anything yet?
i f (gl obal |l mageBuffer == NULL)
i f((gl oballmageBuffer = (char *) malloc (size * sizeof (char))) == NULL)
{
fprintf(stderr, "Menory allocation error\n");
exit(42);
}

/'l Otherwi se, we need to grow the nenory buffer
el se

if ((gl obal | mageBuffer = (char *) realloc (gl oball mgeBuffer
(size * sizeof (char)) +
gl obal I mageBuf ferOf fset)) == NULL)
fprintf(stderr, "Could not grow the tiff conversion nenory buffer\n");
exit(42);
}

/1 Now nove the inmage data into the buffer
mencpy (gl obal | mageBuffer + gl obal | mageBufferOfset, buf, size);
gl obal | mageBuf fer O f set += si ze;

}

return (size);

}

static toff t
l'ibtiffDunmmySeekProc (thandle_t fd, toff_t off, int i)

/'l This appears to return the location that it went to
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return of f;

}

static int

l'ibtiffDummyd oseProc (thandle_t fd)

{
/1l Return a zero nmeaning all is well
return O;

}

Converting color to grayscale

How do you convert color images to grayscale? My first answer was to just average the red, green, and blue values. That
answer iswrong. The reality is that the human eye is much better at seeing some colors than others. To get an accurate
grayscal e representation, you need to apply different coefficients to the color samples. Appropriate coefficients are 0.299
for red, 0.587 for green, and 0.114 for blue.

Conclusion
Inthisarticle I've discussed how to program with libtiff for grayscale and color images. I've shown you some sample code
that should help to get you started. Y ou should now know enough to have a great time coding with libtiff.

Resources
» Read Michael's previous article on black and white graphics programming with libtiff (devel operWorks, March
2002).

« Download the source files for performing the tasks mentioned in this article:
o Reading a color impage: read.c
o Writing a color image: write.c
o Customizing file input and output functions: client.c
o Compressing repeatedly: recompress.c

« Download the libtiff source and perhaps find a binary package for your operating system of choice at the libtiff Web
site.

« For more information about hooking the file input and output functions within libtiff, take alook at the images.c file
on Michael's Panda page.

« Check out Poynton's Color FAQ for a discussion of converting to grayscale.

« Find more Linux articles in the developerWorks Linux zone.

About the author

Michael has been working in the image processing field for several years, including a couple of years managing
and developing large image databases for an Australian government department. He currently works for Tower
Software, which manufactures a world-leading EDM S and records management package called TRIM. Michael
is aso the developer of Panda, an open source PDF-generation API, as well as the maintainer of the
comp.text.pdf USENET frequently asked questions document. Y ou can contact Michael at mikal @stillhg.com.
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