Extensionsto the PNG 1.2 Specification, Version 1.2.0

The latest versions of thisdocument, the PNG specification, and related information can always be found at
the PNG FTP archive site, ftp://ftp.uu.net/graphics/png/. The maintainers of the PNG specification can be
contacted by e-mail at png-info@uunet.uu.net.

Abstract

Thisdocument isan extension to the Portable Network Graphics (PNG) specification, version 1.2 [PNG-1.2].
It describes additional public chunk types and contains additional information for usein PNG images.

This document, together with the PNG specification, contains the entire list of registered “public’ PNG
chunks. Theadditional registered chunks appearing in thisdocument are the oFFs, pCAL, sCAL, glFg, gIFs,
and fRAc chunks, plus the deprecated gl Ft chunk. Additional chunk types may be proposed for inclusionin
thislist by contacting the PNG specification maintainers at png-info@uunet.uu.net. Chunks described here
are expected to be lesswidely supported than those defined in the basic specification. However, application
authors are encouraged to use these chunk types whenever appropriate for their applications.

This document a so describes data representations that do not occur in the core PNG format, but are used in
one or more special-purpose chunks. New chunks should use these representations whenever applicable, in
order to maximize portability and simplify decoders.
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1 Data Representation

1.1 Integer values

Refer to Section 2.1 of the PNG specification for the format and range of integer values.

1.2 Floating-point values

The core of PNG does not use floating-point numbers anywhere; it usesintegers or, where applicable, fixed-
point fractional values. However, specia-purpose chunks may need to represent values that do not fit com-
fortably in fixed-point notation. The textual floating-point notation defined here is recommended for usein
all such cases. This representation is simple, has no a priori limits on range or precision, and is portable
across al machines.

A floating-point value in this notation is represented by an ASCII text string in a standardized decimal
floating-point format. The string is variable-length and must be terminated by a null (zero) character unless
itisthelastitem inits chunk. The string consists of an optional sign (“+” or “-"), an integer part, a fraction
part beginning with adecimal point (“.”), and an exponent part beginning with an “E” or “€” and optional
sign. Theinteger, fraction, and exponent parts each contain oneor more digits (ASCII “0” to“9"). Either the
integer part or thefraction part, but not both, may be omitted. A decimal pointisallowed, but not required, if
thereis no fraction part. The exponent part may be omitted. No spaces or any other character besidesthose
specified may appear.

Note in particular that C-language “F’ and “L” suffixes are not alowed, the string “.” is not alowed as a
shorthand for 0 asin some other programming languages, and no commas or underscores are allowed. This
format ought to be easily readable in al programming environments.

2 Summary of Special-Pur pose Chunks

This table summarizes some properties of the chunks described in this document.

Name Multiple Odering constraints

oxK?
oFFs No Bef ore | DAT
pCAL No Bef ore | DAT
sCAL No Bef ore | DAT
gl Fg Yes None
gl Ft Yes None (this chunk is deprecated)
gl Fx Yes None

f RAC Yes None
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3 Chunk Descriptions

3.1 oFFsImage offset

The oFFs chunk givesthe position on a printed page at which the image should be output when printed alone.
It can also be used to define the image’ s location with respect to alarger screen or other application-specific
coordinate system.

The oFFs chunk contains;

X position: 4 bytes (signed integer)
Y position: 4 bytes (signed integer)
Unit specifier: 1 byte

Both position values are signed. The following values are legal for the unit specifier:

O: unit is the pixel (true dinensions unspecified)
1: unit is the mcroneter

Conversion note: oneinch isequal to exactly 25400 micrometers. A micrometer (also called a micron) is
1075 meter.

The X position is measured rightwards from the left edge of the page to the left edge of the image; the Y
position is measured downwards from the top edge of the page to the top edge of the image. Note that neg-
ative values are permitted, and denote displacement in the opposite directions. Although oFFs can specify
an image placement that is partially or wholly outside the page boundaries, the result of such placement is
application-dependent.

If present, this chunk must precede thefirst IDAT chunk.

3.2 pCAL Calibration of pixel values

When a PNG file is being used to store physical data other than color values, such as a two-dimensional
temperature field, the pCAL chunk can be used to record the relationship (mapping) between stored pixel
samples, original samples, and actual physical values. The pCAL datamight be used to construct areference
color bar beside the image, or to extract the original physical datavaluesfrom thefile. It is not expected to
affect the way the pixels are displayed. Another method should be used if the encoder wants the decoder to
modify the sample valuesfor display purposes.

The pCAL chunk contains:
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Cal i bration name: 1-79 bytes (character string)

Nul | separator: 1 byte

Oiginal zero (x0): 4 bytes (signed integer)

Oiginal max (x1): 4 bytes (signed integer)

Equation type: 1 byte

Nurmber of parameters: 1 byte

Unit nane: 0 or nore bytes (character string)
Nul | separator: 1 byte

Paranmeter 0 (p0): 1 or nore bytes (ASCII fl oating-point)
Nul | separator: 1 byte

Paranmeter 1 (pl): 1 or nore bytes (ASCII fl oating-point)

...etc...

Thereisno null separator after thefinal parameter (or after the unit name, if there are zero parameters). The
number of parameters field must agree with the actual number of parameters present in the chunk, and must
be correct for the specified equation type (see below).

The calibration name can be any convenient name for referring to the mapping, and is subject to the same
restrictions as the keyword in a PNG text chunk: it must contain only printable Latin-1 [I SO/IEC-8859-1]
characters (33-126 and 161-255) and spaces (32), but no leading, trailing, or consecutive spaces. The cali-
bration name can permit applications or peopleto choose the appropriate pCAL chunk when more than one
ispresent (this could occur in amultiple-imagefile, but not in a PNG file). For example, a calibration name
of “SI” or “English” could be used to identify the system of unitsinthepCAL chunk aswell asin other chunk
types, to permit a decoder to select an appropriate set of chunks based on their names.

The pCAL chunk defines two mappings:

1. A mapping from the stored samples, which are unsigned integers in the range 0..max, where
max = 2Pitdepth _ 1 to the original samples, which are signed integers. The x0 and x1 fields, to-
gether with the bit depth for the image, define this mapping.

2. A mapping from theoriginal samplesto the physical values, which are usually real numberswith units.
Thismapping is defined by x0, x 1, the equation type, parameters, and unit name.

The mapping between the stored samples and the origina samplesis given by the following equations:

ori gi nal _sanpl e =
(stored_sanple * (x1-x0) + nmax/2) / max + x0

stored sanple =
((original sample - x0) * max + (x1-x0)/2) / (x1-x0)
clipped to the range O..nax

In these equations, “/” means integer divison that rounds toward negative infinity, so
n/d = integer(floor(real (a)/real (b)))). Note that this is the same as the “/ " opera-
tor in the C programming language when n and d are nonnegative, but not necessarily when n or d is
negative.
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Noticethat x0 and x 1 arethe origina samplesthat correspond to the stored samples 0 and max , respectively.
Encoders will usualy set x0=0 and x1=max to indicate that the stored samples are equal to the original
samples. Note that X0 is not constrained to be less than x 1, and neither is constrained to be positive, but
they must be different from each other.

This mapping is lossless and reversible when abs(x1- x0) <= max and the origina sampleisin the
rangex0. . x1. If abs(x1-x0) > max then there can be no lossless reversible mapping, but the func-
tions provide the best integer approximationsto floating-point affine transformations.

The mapping between the original samples and the physical values is given by one of several equations,
depending on the equation type, which may have the following values:

0: Linear mapping

1. Base-e exponential mapping

2: Arbitrary-base exponential nmapping
3: Hyperbolic mapping

For equation type O:
physi cal .value = p0 + pl * original _sanple / (x1-x0)
For equation type 1:

physi cal _val ue =
pO0 + pl * exp(p2 * original _sample / (x1-x0))

For equation type 2:

physi cal _val ue =
pO0 + pl * powm p2, (original_sample / (x1-x0)))

For equation type 3:

physi cal _val ue =
pO + pl * sinh(p2 * (original _sanple - p3) / (x1-x0))

For these physical value equations, “/ " means floating-point division.

Thefunction exp( x) ise raised to the power of x, where e isthe base of the natural logarithms, approxi-
mately 2.71828182846. Theexponential functionexp() istheinversethenatural logarithmfunction| n() .

The function pow( X, y) isx raised to the power of y.
pow(x,y) = exp(y * In(x))
Thefunction si nh( x) isthehyperbolic sineof x.

sinh(x) = 0.5 * (exp(x) - exp(-x))
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The units for the physical values are given by the unit name, which may contain any number of printable
Latin-1 characters, with no limitation on the number and position of blanks. For example, “K”, “population
density”, “MPa’. A zero-length string can be used for dimensionless data.

For color typesO (gray) and 4 (gray-a pha), themappings apply to thegray samplevalues (but not to theal pha
sample). For color types 2 (RGB), 3 (indexed RGB), and 6 (RGBA), the mappings apply independently to
each of thered, green, and blue samplevalues (but not thea phasample). In the case of color type 3 (indexed
RGB), the mapping refers to the RGB samples and not to the index values.

Linear data can be expressed with equation type O.
Pure logarithmic data can be expressed with either equation type 1 or 2:

Equation type 1 Equation type 2
x0 =0 x0 =0

x1 = max x1 = max

po =0 po =0

pl = bottom pl = bottom

p2 = I n(top/bottom p2 = top/bottom

Equationtypes1 and 2 are functionally equival ent; both are defined because authors may find one or the other
more convenient.

Using equation type 3, floating-point data can be reduced (with loss) to a set of integer samples such that
the resolution of the stored datais roughly proportiona to its magnitude. For example, floating-point data
ranging from —103! to 103! (the usual range of 32-bit floating-point numbers) can be represented with:

Equation type 3

x0 =0

x1 = 65535
pO = 0.0

pl = 1. 0e-30
p2 = 280.0
p3 = 32767.0

The resolution near zero isabout 10733, while the resolution near 103! or —103! isabout 10?%. Everywhere
the resolutionis about 0.4 percent of the magnitude.

Note that those floating-point paramaters could be stored in the chunk more compactly as follows:

po =0

pl = le-30
p2 = 280
p3 = 32767

Applications should use double precision arithmetic (or take other precautions) while performing the map-
pings for equation types 1, 2, and 3, to prevent overflow of intermediate results when pl is small and the
exp(),pow),orsinh() functionislarge.
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If present, the pCAL chunk must appear before thefirst IDAT chunk. Only oneinstance of the pCAL chunk
is permitted in a PNG datastream.

3.3 sCAL Physical scale of image subject

Whilethe pHY schunk isused to record the physical size of theimage itself asit was scanned or asit should
be printed, certain images (such as maps, photomicrographs, astronomical surveys, floor plans, and others)
may benefit from knowing the actual physical dimensions of the image's subject for remote measurement
and other purposes. The sCAL chunk servesthisneed. It contains:

Unit specifier: 1 byte

Pi xel wi dth: 1 or nore bytes (ASCI| floating-point)
Nul | separator: 1 byte
Pi xel hei ght: 1 or nore bytes (ASCI| floating-point)

Thefollowing values are legal for the unit specifier:

1: unit is the neter
2: unit is the radi an

Following the unit specifier are two ASCII strings. The first string defines the physical width represented
by one image pixel; the second string defines the physical height represented by one pixel. The two strings
are separated by azero byte (null character). Asin thetext chunks, thereisno trailing zero byte for the final
string. Each of these strings contains a floating-point constant in the format specified above (Floating-point
values, Section 1.2). Both values are required to be greater than zero.

If present, this chunk must precede thefirst IDAT chunk.

34 glFg GIF Graphic Control Extension

The glFg chunk is provided for backward compatibility with the GIF89a Graphic Control Extension. It con-
tains:

Di sposal Method: 1 byte
User Input Flag: 1 byte
Del ay Ti ne: 2 bytes (byte order converted from G F)

The Disposal Method indicatesthe way in which the graphic isto be treated after being displayed. The User
Input Flag indicates whether user input is required before continuing. The Delay Time specifies the number
of hundredths (1/100) of a second to delay before continuing with the processing of the datastream. Note
that thisfield isto be byte-order-converted.

The “Transparent Color Flag” and “Transparent Color Index” fields found in the GIF89a Graphic Control
Extension are omitted from glFg. These fields should be converted using the transparency features of basic
PNG.



4. CHUNKSNOT DESCRIBED HERE 9

The GIF specification allowsat most one Graphic Control Extensionto preceed each graphic rendering bl ock.
Because each PNG file holdsonly oneimage, it is expected that gl Fg will appear at most once, before IDAT,
but there is no strict requirement.

3.5 glFx GIF Application Extension

The glFx chunk is provided for backward compatibility with the GIF89a A pplication Extension. The Appli-
cation Extension contains application-specific information. This chunk contains:

Application ldentifier: 8 bytes
Aut hent i cati on Code: 3 bytes
Application Data: n bytes

The Application Identifier is a sequence of eight printable ASCII characters used to identify the application
creating the Application Extension. The Authentication Code is three additional bytes that the application
may use to further validate the Application Extension. The remainder of the chunk is application-specific
data whose content is not defined by the GIF specification.

Note that GIF-to-PNG converters should not attempt to perform byte reordering on the contents of the Ap-
plication Extension. The datais simply transcribed without any processing except for de-blocking GIF sub-
blocks.

Applicationsthat formerly used GIF Application Extensions may define special-purpose PNG chunksto re-
place their application extensions. If a GIF-to-PNG converter recognizes the Application Identifier and is
aware of a corresponding PNG chunk, it may choose to convert the Application Extension into that PNG
chunk type rather than using gl Fx.

4 ChunksNot Described Here

The definitions of some public chunks are being maintained by groups other than the core PNG group. In
general, these are chunksthat are useful to more than one application (and thus are not private chunks), but
are considered too specialized to list in the core PNG documentation.

4.1 fRAcFractal image parameters

The fRAc chunk will describe the parameters used to generate a fractal image. The specification for the
contents of the fRAc chunk is being developed by Tim Wegner, twegner @phoenix.net.

In the future, chunks will be fully specified before they are registered.
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5 Text Chunk Keywords

It is expected that special-purpose keywords for PNG text chunks will be registered and will appear in this
document. However, no such keywords have yet been assigned.

All registered textual keywordsin text chunksand all other chunk typesare limited to the ASCI| characters
A—Z, a—z, 0-9, space, and the following 20 symbols:

" %& () *+, - . [, <=>72_
but not the remaining 12 symbols:

#s @ V] " A{] )

This restricted set is the ISO-646 “invariant” character set [ISO-646]. These characters have the same nu-
meric codesin al SO character sets, including all national variants of ASCII.

6 Deprecated Chunks

The chunks listed in this section are registered, but deprecated. Encoders are discouraged from using them,
and decoders are not encouraged to support them.

6.1 glIFt GIF Plain Text Extension

The glFt chunk was originally provided for backward compatibility with the GIF89a Plain Text Extension,
but glFt is now deprecated because it suffers from some fundamental design flaws.

e GIF considers a Plain Text Extension to be a Graphic Rendering Block, just like an image, so a GIF
datastream containing an image and a Plain Text Extension is really a multi-image datastream with
ordering issues (like associating each Graphic Control Extension with the proper Graphic Rendering
Block). PNG, being a single-image format with no provisions for handling these ordering issues, is
not equipped to contain both IDAT and glFt simultaneously. Since IDAT is required, glFt must be
discouraged.

e TheText Foreground Color and Text Background Col or fieldsof the Plain Text Extension are converted
to RGB, rather than being converted to RGBA or left as paetteindexes. Therefore, transparency in-
formation can belost.

The glFt chunk contains:
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Text Gid Left Position:

Text Gid Top Position:
Text Gid Wdth:
Text Gid Height:

Character Cell Wdth:
Character Cell Height:
Text Foreground Col or:
Text Background Col or:
Pl ai n Text Data:

S5 W Wk Pk

byt es
byt e
byt es
byt e
byt es
byt e
byt es
byt e
byt e
byt e
byt es
byt es
byt es

11

(signed integer,

order and size converted)
(signed integer,

order and size converted)
(unsi gned i nt eger,

order and size converted)
(unsi gned i nt eger,

order and size converted)

B sanpl es)

(RG
(R G B sanpl es)

Text Grid Left Position, Top Position, Width, and Height specify the text area position and size in pixels.
The converter must reformat these fields from 2-byte L SB-first unsignedintegersto 4-byte M SB-first signed
or unsigned integers. Note that GIF defines the position to be relative to the upper left corner of thelogical
screen. If an oFFs chunk is aso present, a decoder should assume that the oFFs chunk defines the offset of
theimagerelativeto the GIF logical screen; hence subtracting the oFFs values (converted from micrometers
to pixelsif necessary) from the Text Grid Left and Top Positions gives the text area position relative to the
main PNG image.

Character Cell Width and Height give the dimensions of each character in pixels.

Text Foreground and Background Color give the colorsto be used to render text foreground and background.
Note that the GIF-to-PNG converter must replace the palette index values found in the GIF Plain Text Ex-
tension block with the corresponding pal ette entry.

The remainder of the chunk is the text to be displayed. Note that this datais not in GIF sub-block format,
but is a continuous datastream.

7 Security Considerations

The normal precautions (see the Security considerations section of the PNG specification) should be taken
when displaying text contained in the SCAL calibration name, pCAL unit name, or any ASCI| floating-point

fields.

Applications must take care to avoid underflow and overflow of intermediate results when converting data
from one form to another according to the pCAL mappings.
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8 Appendix: Sample code

This appendix provides some sample code that can be used in encoding and decoding PNG chunks. It does
not form a part of the specification. In the event of a discrepancy between the sample code in this appendix
and the chunk definition, the chunk definition prevails.

8.1 pCAL

The latest version of this code, including test routines not shown here, is avalable at
ftp://ftp.uu.net/graphics/png/src/peal.c.

#if O
pcal.c 0.2.2 (Sat 19 Dec 1998)
Adam M Costell o <ant @cs. berkel ey. edu>

This is public domain exanple code for conputing
t he mappi ngs defined for the PNG pCAL chunk

#endi f

#if _STDC._ =1

#error This code relies on ANSI C conformance.
#endi f

#include <limts. h>
#i ncl ude <mat h. h>
#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>

/* In this programa type naned ui nt N denotes an unsi gned */
/* type that handles at least all values O through (2"N)-1. */
/* A type nanmed i nt N denotes a signed type that handl es at */
/* least all values 1-2°(N-1) through 2°(N-1)-1. It is not */
/* necessarily the snmallest such type; we are nore concerned */
/* with speed. */

t ypedef unsigned int uintl6;

#if U NT_MAX >= Oxffffffff

t ypedef unsigned int uint32;
#el se

t ypedef unsigned | ong uint32;
#endi f

#if INT.MAX >= Ox7fffffff & INT.M N + Ox7fffffff <= 0
typedef int int32;
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#el se
t ypedef |ong int32;
#endi f

/* Testing for 48-bit integers is tricky because we cannot
/* safely use constants greater than Oxffffffff. Also

/* shifting by the entire width of a type is undefined, so
/* for unsigned int, which nmight be only 16 bits w de, we

/* must shift in two steps.

#if (U NT_MAX - Oxffff) >> 8 >> 8 >= Oxffffffff
t ypedef unsigned int uint48§;
#defi ne HAVE.UI NT48 1
#elif (ULONGMAX - Oxffff) >> 16 >= Oxffffffff
t ypedef unsigned | ong uint48;
#defi ne HAVE.UI NT48 1
#el i f defi ned( ULLONG.VAX)
#if (ULLONGMAX - Oxffff) >> 16 >= Oxffffffff
t ypedef unsigned | ong | ong uint48;
#defi ne HAVE.UI NT48 1
#endi f
#el se
#defi ne HAVE_UI NT48 0
#endi f

/*******************/

/* Programfailure */

voi d

fail (const char *nsqQ)

{
fputs(nsg, stderr);
fputc('\n', stderr);
exi t (EXI T_FAI LURE) ;

}

/*************************/

/* Check nmax, x0, and x1 */

i nt

sanmp_parans_ok(ui nt 16 max, int32 x0, int32 x1)

/* Returns 1 if max, x0, and x1 have */
/* all owed val ues, 0 otherw se. */

{
const int32 xlimt = Ox7fffffff;

*/
*/
*/
*/
*/

13
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return mx > 0 && max <= Oxffff
&& x0 <= xlimt && x0 >= -xlimt
&& x1 <= xlimt && x1 >= -xlimt
&& x0 !'= x1;

/***********************************************/

/* Map from stored sanples to original sanples */

i nt 32
storedtoorig(uintl6 stored, uintl6 max, int32 x0, int32 x1)

#if O
Returns the original sanple corresponding to the given stored
sanmpl e, which nust be <= max. The paraneters max, x0, and x1
nmust have been approved by sanp_paramnms_ok().
The pCAL spec says:

orig = (stored * (x1-x0) + max/2) / max + xO0 [1]

Equi val ently:

orig = (stored * (x1-x0) + nmax/2) / max
+ (x0-x1) - (x0-x1) + xO
orig = (stored * (x1-x0) + max * (x0-x1) + max/2) / max

- (x0-x1) + x0
orig = ((max - stored) * (x0-x1) + max/2) / max + x1

So we can check whether x0 < x1 and coerce the fornula so that
the nunerators and denom nators are al ways nonnegati ve:

orig = (offset * xspan + max/2) / max + xbottom [ 2]
This will conme in handy | ater.
But the nultiplication and the subtraction can overflow, so we
have to be trickier. For the subtraction, we can convert to

unsigned integers. For the nultiplication, we can use 48-bit
integers if we have them otherw se observe that:

b = (b/c)*c + b%
a*b = a*(b/c)*c + a*(b%) ; let d = a*(b%)
(a*b)/c = a*(b/c) + d/c remai nder d% [ 3]
These are true no matter which way the division rounds. |If

(a*b)/c is in-range, a*(b/c) is guaranteed to be in-range if
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b/c rounds toward zero. Here is another observation:
sum{x_i } / ¢ = sum{xi / c} + sum{xd %c} / c [ 4]

This one al so avoids overflow if the division rounds toward
zero. The pCAL spec requires rounding toward -infinity. ANS
C l eaves the rounding direction inplenmentation-defined except
when both the nunerator and denom nator are nonnegative, in
which case it rounds downward. So if we arrange for al
numer at ors and denoni nators to be nonnegative, everything
works. Starting with equation 2 and applying identity 4, then
3, we obtain the final formula:

d = offset * (xspan % nax)
xof fset = offset * (xspan / max) + d/ max
+ (d%rex + nmax/2) / max
orig = xoffset + xbottom
#endi f
{

uint16 of fset;
uint 32 xspan, q, r, d, xoffset;
i nt 32 xbottom

if (stored > nmax) fail ("storedtoorig: stored > nmax");

if (x1 >= x0) {
xbottom = x0
xspan = (uint32)x1 - (uint32)x0;
of fset = stored;

}

el se {
xbottom = x1;
xspan = (uint32)x0 - (uint32)x1;
offset = max - stored

}

/* We knew xspan would fit in a uint32, but we needed to */
/* cast x0 and x1 before subtracting because otherw se the */
/* subtraction could overflow, and ANSI doesn't say what */
/* the result will be in that case. */

/* Let’'s optim ze two common sinple cases */
/* before handling the general case: */

if (xspan == max) {
xof fset = of fset;

}

15
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else if (xspan <= Oxffff) {
/* Equation 2 won't overflow and does only one division. */
xof fset = (offset * xspan + (max>>1)) / max;
}
el se {
#i f HAVE_UI NT48
/* W can use equation 2 and do one uint48 */
/* division instead of three uint32 divisions. */
xof fset = (offset * (uintd8)xspan + (nmax>>1)) / nax;
#el se
g = xspan / max;
r = xspan % max;
/* Hopefully those were conpiled into one instruction. */
d = offset * r;
xof fset = offset * g + d/max + (d%wax + (max>>1)) / mex;

#endi f
}
/* xoffset might not fit in an int32, but we know the sum */
/* xbottom + xoffset will, so we can do the addition on */
/* unsigned integers and then cast. */

return (int32)((uint32)xbottom+ xoffset);

/***********************************************/

/* Map fromoriginal sanples to stored sanples */

uintl16
origtostored(int32 orig, uintlé max, int32 x0, int32 x1)

#if 0O
Returns the stored sanple corresponding to the given origina
sanple. The paraneters max, x0, and x1 must have been
approved by sanp_parans_ok().
The pCAL spec says:

stored = ((orig - x0) * max + (x1-x0)/2) / (x1-x0)
clipped to the range 0..nax

Notice that all three terms are nonnegative, or else al

are nonpositive. Just as in storedtoorig(), we can avoid
overfl ow and roundi ng probl ens by transformng the equation to
use unsi gned quantities:

stored = (xoffset * max + xspan/2) / xspan
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#endi f

{

}

ui nt 32 xof fset, xspan

if (x0 < x1) {

if (orig < x0) return O;

if (orig > x1) return nax;

xspan = (uint32)x1 - (uint32)x0;

xof fset = (uint32)orig - (uint32)x0;
}
el se {

if (orig < x1) return O;

if (orig > x0) return nax;

xspan = (uint32)x0 - (uint32)x1;

xof fset = (uint32)x0 - (uint32)orig;
}

/* For 16-bit xspan the calculation is straightforward: */

if (xspan <= Oxffff)
return (xoffset * max + (xspan>>1)) / xspan

/* OQtherwi se, the nunmerator is nore than 32 bits and the */
/* denominator is nore than 16 bits. The tricks we played */
/* in storedtooorig() depended on the denoni nator being */
/* 16-bit, so they won't help us here. */

#i f HAVE.Ul NT48
return ((uint48)xoffset * nmax + (xspan>>1)) / xspan;
#el se

/* Doing the exact integer calculation with 32-bit

[* arithmetic would be very difficult. But xspan > Oxffff
/* inmplies xspan > max, in which case the pCAL spec says
/* "there can be no | ossless reversible mapping, but the
/* functions provide the best integer approximtions to
/* floating-point affine transformations." So why insist
/* on using the integer calculation? Let’'s just use

/* floating-point.

return ((doubl e)xof fset * max + (xspan>>1)) / xspan;

#endi f

/*********************************************/

/* Check x0, x1, eqtype, n, and p[O0]..p[n-1] */

*/
*/
*/
*/
*/
*/
*/
*/

17
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i nt
phys_paranms_ok(int32 x0, int32 x1, int eqtype, int n, double *p)

/* Returns 1 if x0, x1, eqtype, n, and p[O]..p[n-1] */

/* have all owed val ues, 0 otherw se. */
{
if (!sanp_parans_ok(1,x0,x1)) return O;
switch (eqtype) {
case 0: return n == 2;
case 1: return n == 3;
case 2: break;
case 3. return n == 4;
}

/* eqtype is 2, check for pow() donmain error: */

if (p[2] >0) return 1
if (p[2] < 0) return O;
return (x0 <= x1) ? (x0 >0 & & x1 > 0) : (x0 <0 & x1 < 0);

/************************************************/

/* Map fromoriginal sanples to physical values */
doubl e
origtophys(int32 orig, int32 x0, int32 x1,
int eqtype, double *p)

/* Returns the physical value corresponding to the given */
/* original sanple. The paraneters x0, x1, eqtype, and p[] */
/* must have been approved by phys_parans_ok(). The array */
/* p[] must hold enough paraneters for the equation type. */

doubl e xdi ff, f;

xdi ff = (double)xl - xO;

switch (eqtype) {
0:

case f =orig / xdiff;
br eak;

case 1: f = exp(p[2] * orig / xdiff);
br eak;

case 2: f = pow(p[2], orig / xdiff);
br eak;

case 3: f = sinh(p[2] * (orig - p[3]) / xdiff);
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8.2

The

br eak;
default: fail("origto_phys: unknown equation type");
}
return p[0] + p[1] * f;

}

Fixed-point gamma correction

latest version of this code, including test routines not shown

ftp://ftp.uu.net/graphics/png/src/gamma-l ookup.c.

#if O
ganma- | ookup.c 0.1.4 (Sat 19 Dec 1998)
by Adam M Costello <ant @cs. berkel ey. edu>

This is public domai n exanpl e code for conmputing gamma
correction | ookup tables using integer arithnetic.

#endi f

#if _STDC._ =1

#error This code relies on ANSI C conformance.
#endi f

#include <limts. h>
#i ncl ude <nmmt h. h>

/* In this programa type naned ui nt N denotes the */
/* small est unsigned type we can find that handl es */
/* at least all values O through (2°N)- 1. */

t ypedef unsigned char uint8§;

#i f UCHARMAX >= Oxffff

t ypedef unsi gned char uint16;
#el se

t ypedef unsi gned short uint16;
#endi f

#if UCHARMAX >= Oxffffffff

t ypedef unsi gned char uint32;
#el i f USHRT_MAX >= Oxffffffff

t ypedef unsigned short uint32;
#elif U NT_MAX >= Oxffffffff

t ypedef unsigned int uint32;
#el se

here,
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t ypedef unsigned | ong uint32;
#endi f

/*********************/

/* 16-bit arithmetic */

voi d
preconput el6(ui nt 16 L[ 511])

/* Preconmputes the log table (this requires floating point). */

{
int j;
doubl e f;
/* L[j] will hold an integer representation of */
/* -log(j / 510.0). Knowing that L[1] (the largest) is */

/* OxfeOO will help avoid overflow later, so we set the */
/* scal e factor accordingly. */

f = Oxfe0O / log(l / 510.0);

1, j <=510; ++4)
log(j / 510.0) * f + 0.5;

for (j
L[]

voi d
ganmal6(uint16 L[511], uint8 { 256], uintl1l6 Q)

/* Makes a 256-entry ganma correction | ookup table ] with */

/* exponent g/ pow(2,14), where g nust not exceed Oxffff. */
{
int i, j;
uintl6é x, y, xhi, ghi, xlo, glo;
j =1
o] =0;
for (i =1; i <= 255; ++i) {
x = L[i << 1];
xhi = x >> 8;
ghi = g >> §;
y = xhi * ghi

if (y > 0x3f80) {
/* We could have overflowed |ater. */
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/* But now we knowy << 2 > L[1]. */
di] =0;
conti nue;

}

xl o X & Oxff;

glo g & Oxff;

y = (y << 2) + ((xhi * glo) >>6) + ((xlo * ghi) >> 6);
while (L[j] >y) ++;

qgi] =j > 1

/*********************/

/* 32-bit arithmetic */

voi d
preconput e32(ui nt 32 L[ 511])

/* Preconmputes the log table (this requires floating point). */

{

int j;

doubl e f;

/* L[j] will hold an integer representation of */
/* -log(j / 510.0). Knowing that L[1] (the |argest) */
[* is Ox3ffffff will help avoid overflow later, so we */
/* set the scale factor accordingly. */

f = Ox3fffffff / log(l / 510.0);

1, j <= 510; ++4)
log(j / 510.0) * f + 0.5;

for (j
L[]

voi d
ganma32(uint 32 L[511], uint8 { 256], uintl1l6 Q)

/* Makes a 256-entry ganma correction | ookup table ] with */

/* exponent g/ pow(2,14), where g nust not exceed Oxffff. */
{

int i, j;

uint32 x, v;

=1
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do] = 0;

for (i =1; i <= 255; ++i) {
x = L[i << 1];
y = (x >> 14) * g;
while (L[j] >y) ++;
di] =j > 1
}
}

/**********************************************/

/* Floating-point arithmetic (for conparison) */

voi d
ganme_f p(ui nt 8 g 256], double g)

/* Makes a 256-entry ganma correction */
/* lookup table i] with exponent g. */

t
int i;
do] = 0;
for (i =1; i <= 255; ++i)
di] = powi/255.0, g) * 255 + 0.5;
}

9 Appendix: Rationale

Thisappendix gives the reasoning behind some of the design decisionsin the PNG extension chunks. It does
not form a part of the specification.

9.1 pCAL

This section gives the reasoning behind some of the design decisionsin the pCAL chunk. It doesnot form a
part of the specification.

Redundant equation types

Equation types 1 and 2 seem to be equivalent. Why have both?
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e Wedon't want to force people to do the exponentiationusing| n() and exp(), sincepow() may
providebetter accuracy in somefloating-point math libraries. We also don’t want to force people using
base-10 logsto store asufficiently accurate value of | n( 10) inthe pCAL chunk.

e Whenthebaseise, we don't want to force people to encode a sufficiently accurate value of e in the
pCAL chunk, or tousepow() whenexp() issufficient.

What are x0 and x1 for?

e First,x0 and x1 provide away to recover the original data, losslessly, when the original range is not
apower of two. Sometimes the digitized values do not have arange that fills the full depth of a PNG.
For example, if the original samples range from 0 (corresponding to black) to 800 (corresponding to
white), PNG requires that these samples be scaled to the range 0 to 65535. By recording x0=0 and
x1=800 we can recover the original samples, and we indicate the precision of the data.

e Evenif the original data had arange identical to avalid PNG image sample, like O (black) to 65535
(white), one might want to create aderived image by stretching the contrast in alimited intensity range
containing the important details. For example, we might want to scale the samples so that 46000 be-
comes 0 (black) and 47000 becomes 65535 (white). Asin the previous case, by recording x0=46000
and x1=47000, we can recover the original data samplesthat fell between 46000 and 47000.

Integer division

Why defineinteger divisonto round toward negativeinfinity? Thisisdifferent from many Cimplementations
and from al Fortran implementations, which round toward zero.

We cannot |eave the choice unspecified. If we were to specify rounding toward zero, we' d have to account
for adiscontinuity at zero. A divisionby positived would map the2d- 1 valuesfrom- ( d- 1) throughd- 1
to zero, but would map only d valuesto any other vaue; for example, 3d through 4d- 1 would be mapped
to 3. Achieving lossless mappings in spite of thisanomaly would be difficult.

10 Appendix: Revision History

e 14 July 1999 (version 1.2.0):
— Déleted the iTXt chunk, which has been moved to the core spec.
e 9 February 1999 (version 1.1.1):

— Added the iTXt chunk
— Limited the character set for future registered keywords
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e 30 December 1998 (version 1.1.0):

— Added pCAL chunk and related sample code
— Deprecated the gIFT chunk
— Added sample gamma-correction code that usesinteger arithmetic

e 11 March 1996 (version 0.96): First public release
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