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A user has found (using very sophisticated photonetric devices) that when
he generates a nonochrone palette froma color palette, sonme of the tones
are identical. This article discusses this phenonmenon.
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In regard to using the color palette, the Pal ette Manager does not place
new colors into the display device's color |ook-up table (CLUT). It maps
the requested colors in a palette to available colors within the current
color table. The correct nethod for using specific color values is to use
the Col or Manager calls to create and | oad a progranmed col or table.

There are sonme other points that nust taken into account after setting
your colors with the Col or Manager

- It is possible to produce grays by setting the nonitor to nonochrone
out put and not setting grays, as the user in question probably does. Wen
sel ecting nonochrome fromthe nmonitor's Control Panel CDEV, | um nance
mappi ng of the colors in the color table is done to calculate and repl ace

the RGB val ues for a nonochrone pixel. The |lum nance nmapping follows this
equati on:
Lum nance = .3*red + .59*green + .11*Dbl ue

The resulting value is placed into the display device's table for R G
and B. The values are altered according to the above equation. This needs
to be taken into account if the nobnochrone option is chosen for the Apple
Hi gh- Resol ution Col or Monitor.

- If you place your owmn RGB "gray" values into a color table, you nust

al so take into account gamma correction. Ganma correction is done by the
di splay device's driver to correct the disproportionate |ight output of

t he CRT phosphors by conparison with the proportional input voltages of
the video signal. To set a linear relationship between colors and out put,
the values set for the Macintosh Il Video Card are changed to new val ues,



whi ch then produce the corrected col or output on the nonitor. Test
equi pnment detects a gamma-filtered set of values fromthe nonitor

The ganma correction is automatically handled for all values witten to
the device's color table. This is based on an enpirically-derived gamma

| ook-up table. If the selected values fall within the same | ook-up table
reference, they can be napped to the sane ganma value. This would explain
why sone val ues are the sane. The ganma table IDis located in the SCRN
resource of the Systemfile for the Macintosh Il Video Card. A new GAVA
Resource table can be defined and installed in the Systemfile for use by
the Macintosh Il Video Card. To use the new gamma table, the GAMA resource
I D nust be changed in the SCRN resource to that of the new table.

The safest values for any testing will probably be a |inear table that
does no gamma correction. A quick and easy way to do this is to pass -1
to the Set Gamma Control parameter block as the new table address. This
causes a linear table to be used, guaranteeing that all of the possible
gray levels of the card are available. At that point, the actual color
out put on the nonitor depends on the phosphors thensel ves, which have a
variance fromnonitor to nonitor of +/-.02 for the red and green phosphors
and +/-.015 for the blue. The CIE coordi nates of the phosphors are:

Red: x=.625 y=.34 Green: x=.28 y=.595 Bl ue: x=.155 y=.070

To properly set the ganma table, see the information bel ow about how t he
driver uses this table. You should also investigate how to control device
drivers. This is described in "lInside Macintosh Volume I1." Another source
of information is the "Designing Cards and Drivers Manual for the

Maci nt osh. "

Gama | nfornmation

In the current inplenmentation of the video drivers, gamma correction is
applied to requested, absolute colors, imediately before they are set in
the color | ook-up table by the SetEntries control call. Mre specifically,
sone nunber of high-order bits are extracted fromthe red, green, and blue
channel s and used as an index into tables of corrected values. These

val ues are then placed into the hardware, yielding corrected output. On
the Macintosh Il Video Card (the TFB card), the high eight bits of each
channel are used to reference the ganma table.

There are a nunber of ninor shortconmings in this inplenmentation. First,
there is not absolute symetry between the SetEntries control call, which
sets the CLUT, and the GetEntries status call, which reads the CLUT

har dwar e, because the ganmma correction took place as part of the
SetEntries call. Also, the uncorrected values are generally unrecoverable
(al though a copy of the absolute colors are always available in the
GDevi ce structure).

Finally, it is npst desirable to extract nore bits as an index to the
ganma tabl e than the nunber of bits of color information that will be set
in the CLUT. This way, you avoid a |loss of color resolution after
correction. For exanple, the TFB card has an eight-bit-per-channel CLUT,



but only uses the nost-significant eight bits of the (16-bit) channe

i nfornmati on for ganma | ookup. At lower intensities, the gamma correction

i ncreases the distance between adjacent values. As a result, on the TFB
card, some dynamc range is lost at lower intensities. This could be
corrected by extracting nine or ten bits of channel information rather
than eight and using a larger, gamma-correction table, but this option was
declined to reduce gamma table size.

The GanmaTbl Data Structure

The structure itself has been a bit of a mystery, as it is not defined in
ei ther "lInside Macintosh Volunme V' or the Designing Cards and Drivers
Manual . This is the structure:

record GammaTabl e of

gVersion: integer; {gtab version, currently 0}
gType: integer; {drHw d val ue}

gFornul aSi ze: integer; {size of fornula data, bel ow}
gChanCnt: integer; {# of conponent channel s}
gbataCnt: integer; {# of values per channel}
gbDataWdth: integer; {size of data in tables}
{gamma correction | ook-up tabl es}

gFornul aData: array [0.. gFormul aSi ze] of byte;
{data for gamma cal cul ation forml a}

gbata: array [0.. gDataCnt] of byte;

end;

In this structure, gVersion represents the ganma table format version
which is 0 for all current cards. The gType field holds the drHM d val ue
for this board to identify the board that this table was nmeasured for

Note that this neans that a single gamma table can't directly be shared
between two different cards, even if they both have the sane CLUT response
curve (which is usually linear). This lets the data in the gamm table be
in an appropriate formfor varying hardware (that is, a card could have
four-bit/channel DACs and m ght prefer gamma data in the range $0..3$F

rat her than $0..$FF).

gFornul aSi ze defines the nunber of bytes occupied by the gFormul aDat a
field. On Apple's current video cards, ganma correction is done by

nodi fyi ng the values | oaded into the CLUT by the SetEntries control cal
to approximate |inear response on the display. On these systens, the
ganma correction table acts as a final, |ook-up, data table, which
transl ates the requested color into closest available linearized |evel
These gama tabl e values are determined enpirically by measuring the
out put of a calibrated display.

Mor e sophi sticated systenms may choose an alternative to this sinple

| ook-up mechanism For instance, you can cal cul ate gamma correction
factors based on a mathematical response function. By default, the TFB
card uses a single correction table for all three channels. No

calcul ations are perfornmed on the incom ng color table other than sinple
| ookup. Cards can renmenber the specific nonitor configuration at the
begi nning of the gFormul aData field, allowing it to identify and use only



ganma tabl es devel oped for the currently connected nonitor

gChanCnt is the nunber of |ook-up tables in gbData, below. If there is nore
t han one channel of ganma correction data, then the RR G and B tables
foll ow each other, respectively, at the end of the structure.

gbataCnt is the nunmber of discrete |ook-up values included in each of the
channel's correction table. It is always equal to 2gbDataWdth, but refers
to nunmber of bytes that this channel's data occupi es.

gbat aW dt h descri bes the number of significant bits of information

avail able in each entry in a channel's correction table. The data al ways
appears as gbhataWdth bits, right-justified in a field that is the next

| arger number of bytes than gDataWdth. Because it is rare to have
devices with nore than eight bits of CLUT resolution, virtually al

devi ces pack their correction data into bytes.

gbata is actual correction table data. If there is nore than one channel's
i nfornati on, each table follows the next in R G B order. The standard
tabl es included in Apple's driver have only one table, which is applied to
all three output channels. Because Pascal cannot express variable size
fields in record structures, the independent channels are not individually
naned.

"gama" Resource For mat

In addition to the RAM data structure for gama tabl es covered above,
there is a standard resource format for gamm table resources. Like nmany
other resource tenplates, the gamm structure is an i mage of the RAM form
stored in resource format. There are no changes.

Usi ng Gamma Correction

Ganma correction is always applied by the TFB video driver. At driver open
time, the driver is usually initialized with a linear (noncorrecting)
ganma table. Wien _InitGaf is called, the "scrn" screen configuration
resource is read fromthe Systemfile. This resource (described in "Inside
Maci nt osh Vol une V') includes information about the size and orientation
of the different nonitors configured into the system including their |ast
vi deo node (pixelsize), color table, and gamm table.

If there is no "gam" resource ID specified, or the specified IDis not
present, then a default ganma table, "gama" =0 is | oaded fromthe System
file and used (this is the table calculated for the TFB card). If the
specified resource is found, then the appropriate resource is |oaded, and
a control call is issued to the driver to make this the current gama
table. Unfortunately, there is currently no tool to set the "gam" |D
short of nodifying the "scrn" resource directly.

To facilitate the use of the gamma table, there are two calls in the
standard, video-driver routines that set the gamma table (control call 4,
Set Gamma) and retrieve the pointer to the current gamm table (status cal
6 on TFB rev 2 drivers and up). These calls sinply take and return a



pointer to a GanmaThbl structure.
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