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Description of the Background Art. 15 The use of conputers for
produci ng graphical imges is well known. The | mages produces by
conputers have generally be limted to two-di nensional | mages because
of the an®unt of processing necessary to generate three- di nensi onal

| mages. However, recent incr o) a&%ﬁigggihggﬁnin

conj uncti on with ot her |ncré@§§gi““ﬁgaii ry as well as
ot her 20 per i ph@alsof theSinfesigon.ne processing of three di mensional

graphi cs possibl e, Nonet he| ess, existin hi cs syst continue to
suf fer shortconi rTgHg prgsent invention relates generaﬂy% gmputer ﬁlrgs and systems

for producing graphical images on a display device. In particular, the present

10 invention relates to a system and method for generating three-dimensional
graphic images. Still more particularly, the present invention is directed to a
method for producing a blend value and blending the produced value with data
forming an image.

2. Description of the Background At.

15 The use of computers for producing graphical images is well known. The
images produces by computers have generally be limited to two-dimensional
images because of the amount of processing necessary to generate three-
dimensional images. However, recent increases in processor capability in
conjunction with other increases in speed and size of memory as well as other

20 peripherals, has made the processing of three dimensional graphics possible.
Nonetheless, existing graphics system continue to suffer shortcomings in
processing speed and image quality especially for three-dimensional graphic
images.

Graphic images whether for display on a computer screen or video monitor

25 or printing by a printer are generated by processing an array of picture elements
(pixels). The number of computations required to process an image can be billions
or trillions because of number of factors. First, generally the graphic images are
produced in color, especially three-dimeﬁsional images. With color, each pixel is
defined by a plurality of colors or channels such as RGB or CYN. Thus, the

30 number of computations are increased significantly for each additional channel
that is added. Second, the qﬁality of the images has increased, and such increases in
quality are typically achieved by increasing the number and density of pixels.
Increasing the number of pixel has a direct correlation to the number of

computation required to process an image. Third, a plurality of characteristics such
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that addit Ie\>€aemple, the generation of fog blend values for producing fog is very expensive.

The generation of certain blend values is computationally expensive because it
often involves numerous multiplication operations need for calculating
15 exponential values. Because of computational limitations, the prior art is unable
to provide a system that operates in real-time and is able to calculate the high
quality blend values without complex and expensive hardware.
One prior art approach attempting to solve the blend value calculation
problem has been to store exemplary blend values in a look-up table. Then when a
20 blend value is needed, the look-up table is accessed which is faster than real-time
calculation of the blend value. However, this approach has not been successful for
a number of reasons. First, the number of possible blend values needed to
adequately render an image is very large. For example, consider using the blend
operation to add fog or haze to an image. Dense or Thin fog cannot be adequately
25 rendered without a very large fog table, and even then with poor results. The
result of not using a large enough table is visible fog bands. Second, there is not an
effective way to index the look-up table. Most systems utilize a depth or distance
value, common in the rendering of three-dimensional graphical images, to index
look-up tables for blend values. Utilizing a straight distance value or its reciprocal
30 results in too many fog table entries devoted to small values of the distance, or too
many fog table entries devoted to large values of the distance. Third, whenever the
entries in neighboring table entries vary by a small amount, the different amounts
of blending creates visible artifacts and can be visually displeasing. Because of the

prior art spacing between the table entries, visual artifacts are unavoidable.
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The system comprises a first register, a second register, an index creation
unit, a blend value generation unit and a blending unit. Color pixel data is input
to the system and stored in the first register. A distance value, w, is provided to the

20 system and stored in the second register. The output of the second register is
coupled and input to the index creation unit. The index creation unit receives the
distance value, and in turn produces an index. The index preferably has a floating
point format, and includes a first portion and a second portion. The first portion is
preferably the exponent and selected bits of the mantissa of a floating point

25 number, and is used as an index to address a table in the blend generation unit.
The second portion preferably is a selected portion of the mantissa of the floating
point number, and is used to produce an increment value added to output of the
table. This unique indexing scheme of the present invention is partlcularly
advantageous because is allows creation of a number of blend values from a small

30 table and provides spacing between entries in the table that eliminates the visual
artifacts and other shortcomings of the prior art. The index creation unit outputs
the two portion index created from a distance value to the blend value generation
unit. The blend value generation unit preferably includes a table, a multiplier and

an adder for producing a blend value by adding a base blend value and an
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increment; and blending the blend value with input pixel data.

E F N
Figure 1 is a block diagram of a computer system including a graphics
15 engine;
Figure 2 is a block diagram of a preferred embodiment for a system
constructed according to the present invention;
Figure 3 is a block diagram of a preferred embodiment of the index creation
unit of the present invention;
20 Figure 4A is a graphical representation of a first embodiment for the blend
index according to the present invention; |
Figure 4B is a graphical representation of a second embodiment for the blend
index according to the present invention;
Figure 5 is block diagram of a first and preferred embodiment for a blend
25 value generation unit of the present invention;
Figure 6 is block diagram of a second embodiment for the blend value
generation unit constructed according the present invention;
Figure 7 is block diagram of a third embodiment for the blend value
generation unit of the present invention;
30 Figure 8 is block diagram of a fourth embodiment for the blend value
generation unit constructed according the present invention; |
Figure 9 is a flowchart of a preferred method for generating a blend index

according to the present invention; and
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function, and the invention uses the exponential function and piecewise linear

approximation to efficiently generate high quality blend values.
Fog in three dimensional graphics refers to a process whereby the color of a

15 pixel is modified by a fogging equation prior to rendering into a frame buffer. This
fogging equation modifies the color of the pixel such that the color of the pixel
becomes more and more like the color of the fog as distance from the eye increases.
A typically fog equation blends between the pixel color and the fog color, which is
often a constant, wherein the amount of the blend is a function of distance from

20 the viewer's eye. There are numerous functions that are typically used to those
skilled in the art. Typical equations for fog blending and the fog blend factor,
respectively, include:

ColorQOut = ColorIn * (1-FogBlendFactor) + FogColor * FogBlendFactor
FogBlendFactor = 1-ekz,

25 where k represents the fog density and z represents distance from the viewer's eye.
A different equation for computing the fog blending factor squares the z term in
the previous equation. The different equations result in different visual
appearances for the fog.

The uses of fog are two-fold. One use is to approximate the atmospheric

30 effects of fog and haze on the viewing of objects in a scene. In this application, the
fog color is set to the color of the maximum density fog bank, and the scalar
coefficient k is used to control the density of the fog. Another not so obvious use of

fog is to approximate the effects of a light in a dark scene where the light is located
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i ndex having a first portion and a second portion froma di stance val ue;
determ ning a base value using the first portion of the index, determ ning
a delta bet ween the base value and the next entry in the table using
the first portion of the i ndex, determining a blend increnment using the

delta and th ' portion of the 10 index; and producing I%%g al ue
by addi ng thgwgg'ég‘g alue to the blend I ncrenent; and bl gﬁﬂ}l&ﬁ bl end
val ue with Lngdtenl ; . EE | PTI ON OF
THE. DRAW NG sam‘mkat?ﬁ §su*r“§ viewer. In this case, the r%%%?@' s &%DE? »®stem
i ncl udi ng aobjectsheceme slarkey ascthey get further fréingheevidwversarad hbﬁ@(ﬁﬂﬁmrfﬁdﬁwf a
preferred e Laent .for a tem nstructed accordipng tq .the present
i nventi on; ﬁ%oﬁghri?ande W@y}ﬁﬁ‘sc%“meﬁf@x ﬁibxa@ﬁ(aﬁpﬁe’%?sd?”égém entolighie theent

of the i ndefogécloE isaset to theldtilér afthbfag\méﬁs%{t ih IN€BdeneNperBiips a very Gagure 4A
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accordin e ent invention; Figure 4B is a graphical
representati on OReferdfs ABW PRl BY cdi 8 ding to
t he present.inve_n?ion; - gg Fi fjreﬁ%{e?sy%%‘c %g$é§%&§ﬁg§£{trst and
preferred elyentiparformsa parplisshpws nipactigdan the presenhirtventiontferms asent

I nventi on; . ' | $o bl ock di agram of a second enbodi nent for
t he bl end vg?ﬁtleon of a gﬁ@r@%%é z%n t constructed according the present

i nventi on; Referring-ngwr 1 Figie mhmchiﬁagfa&m)ﬂfheasybtﬂnﬁ do Qﬁﬁslgﬁ(h)dwdlt for
t he bl end val ue,. eneration unit .of the present inyentjon, .
Fi gure g(%l s OEUREfofUF Bressnt Inventiopis shown; %WSYPW“? Q"BJF Fampeises a

generati on Eifstiregiofed12}ie bk SdndGegisttr 14, 4 ﬂﬁr&f%ﬁﬂ&t 15 &Y fidex@eation unit 16, a
Figure 9 is ia flowhart of a preferred method for Ogeneratlng a bl end 1 ndex
accor di ng t Blendevalue gengratign atnjt; 1§, and acblending unit 20. The system 10 preferably

receives three inputs: 1) image data including data for the rendering of colored
pixel (color pixel data); 2) image data including data for the color of fog or the other
15 color being blended (fog color data) and 3) image data including a distance metric

for a perspective depth component of an image (depth component). These values

are received from other conventional portions of the graphics engine 13 and are
stored in the first, third and second register 12, 15, 14, respectively. These values
are preferably derived by iteration over a triangle using a reciprocal of the

20 perspective depth component, 1/w, DWDX and DWDY, which provide the
gradients of 1/w in the X and Y directions on the screen. The iteration is done by
other portions of the graphics engine 13, and then the color pixel data and depth
component are provided to the system 10. While the present invention is
described as including the first and second register 12, 14 for storing the color pixel

25 data and depth component for use by the system 10, those skilled in the art will
realize that the color pixel data and depth component could be respectively
provided directly to the blending unit 20 and the index creation unit 16.

The index creation unit 16 and the blend value generation unit 18 are able to

provide a very good approximation of the above-identified equation for producing

30 a fog blend value as well as other equations. The index creation unit 16 preferably
receives the depth component and produces a novel two-portion index that is in a
floating point format, as will be described in more detail below with reference to
Figure 3. The first portion of the index is an index value and preferably includes an

exponent of depth component and significant bits of the mantissa for the depth
-6-
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10 blend value generation unit 18 outputs the blend value and is coupled to an input
of the blending unit 20.
The blending unit 20 has a first input that is coupled to the output of the first
register 12 to receive color pixel data and a second input that is coupled to the
output of the third register 15 to receive a fog color, and a third input to the output
15 of blend value generation unit 18 to receive the blend value. The blending unit 20
is preferably a processor such as a texture cofnpositing unit as described in “Texture

Compositing Apparatus and Method,” U.S. Patent Application Serial No.

I

filed November 3, 1995 which is incorporated by reference. Those skilled in the art
will also realize that the blending unit 20 may be an ASIC or other dedicated

20 hardware embodiment capable of computing a blended color output which is equal
to: ColorIn * (1-FogBlendFactor) + FogColor * FogBlendFactor, where the Colorin
data is the output of the first register 12, the FogColor is the output of the third
register 15 and the FogBlendFactor data is the output of the blend value generation
unit 18.

25 Specific embodiments for the index creation unit 16 and the blend value
generation unit 18 will now be described with reference to particular widths for
data paths and bit sizes for indexes and other values. It should be noted that such
values are providéd. only by way of example as the best mode of the pfesent
invention. Those skilled in the art will realized that the sizes of data paths and

30 number of bits used may be modified without departing from the true spirit or
scope of the present invention. '

Referring now to Figure 3, a preferred embodiment for the index creation
unit 16 is shown. The present invention preferably receives a depth component

from the second register 14. The depth component preferably is a 48-bit value in a
-7-



often a constant, wherein the anmobunt of the blend is a function of distance
from 20 the viewer's eye. There are numerous functions that are typically
used to those skilled in the art. Typical equations for fog bl ending
and the fog blend factor, respectively, include: Col orQut =
Col'orln * (1-FogBl endFactor) + FogCol or * FogBI endFact or

FogBl endFactWP’g W[ err]. 25 where k represents the fog dfsiP$P6Are2
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appear ances, for, t uses of fog are two-fold. One use
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- 5 - eliminated, bubisOunri&-ésary where the system 10 includes regxsterh14 This ]
PCT/ US96/ 17402 at t ane |, ion as t t hi s _case, the
fog col or i"SESERT 2248 Pro¥ edapmanﬁrofta?r @8?@0%&%@ mﬁrmdﬁuﬁ"%:?}@é*{ thad8 her
fromthe vikweireaBéd.hence further from the light, and eventually fade

letely to black. .In scenes with anbient light, the
conp 107 e index creation unit 16 preferably comgnses an OR unit 24, a NOR unit

26, a shift register 28, an encoder 30, a two’s complement unit 32, a register 34, a first
clamp 36 and a second clamp 38. The operation of the index creation unit 16 .
generally is a follows. The shift register 28, encoder 30, and two’s complement unit
32 receive the 32 least significant bits (or the fractional portion of the input value)

15 and generate a floating point value, preferably 16 bits, that is provided to the
register 34. An output of the register 34 is coupled to an input of the first clamp 36
and then an output of the first clamp 36 is coupled to an input of the second clamp
38. The output of the second clamp provides of the output of the index creation
unit 16 and provides a two-portion index.

20 Lines from register 22 providing the 16 most significant bits (bits 47-32 or the
integer portion of the depth values) are preferably coupled to inputs of the OR unit
24. The OR unit 24 may be a series of cascaded OR-gates or other combinational
logic such that a zero is output if all the 16 bits input are zeroe, otherwise the OR
unit 24 outputs a one if any of the 16 bits input is a one. The OR unit 24 generates a

25 control signal at its output for clamping out of range values to generate an index of
all zeros (0x0000). If any of the 16 integer bits of the depth component are non-zero
then the value is clamped to all zeros (0x0000). Any negative value for the depth
component will have the MSB of the 16 integer bits set to one and implies a
negative depth component value and therefore we clamp to the output to zero.

30  Any other value that has at least one bit set to one in the 16 integer bits represents a
1/w value greater or equal to 1.0, therefore we again clamp the output to zero.

The output of the OR unit 24 is coupled to a control input of the second

clamp 38. The second clamp 38 has a data input, a control input and a data output,

and either outputs all zeros if the control signal on the control input is one or
-8-



fog color is set to the color of the anmbient light in the scene, perhaps a
very dark 5 shade of grey. Referring now to Figure 1, a conputer

syStem LI of Wwnich the present Invention forms a part 1s shown. In
particular, the present invention forns a portion of a graphics engine
13. Referring now to Figure 2 a bl ock diagram of the system 10
constructed 1Wwosszaemali ng to the present invention i s shown. POTAISSYEMEAN 10
preferably conprises a first i ster a second register 14, a third
regi st er 15 passesitheoughy betvale tmeweaeat the data puhif thelcontrgh pignal oxarth@m t

nputs 1) oRgel Bpeis 2 sl a HORELEREIPCTNT e ade of FERINAEY o Wi

i nput s: a 1 'nc p| xel
(col or pi xelto-@nteahulﬁ@exlemgﬁtl-datcammoﬂ\ wdhirgl line,aorfeoinpmln@fceatlo mtdilpﬂogror

the other 15 ¢ r. bein I 0 a) and 3

i ncl uding a 8?8#3&8&- ﬁ%gﬁ? g? ‘gt %&@bé&ﬁ% W;]fggg ?ﬁ?e‘%’f"ean

i mge (dept h,uepmasfrthatﬁrsté[m evaimas, 1f therarigeefr@css bhO tieiteger
conventional pQrti ggbena graphl c fltg p@& are stored in the
first, thirdPORHERS en’%\gaoywnea}é t EE?“ ‘At" € ’i‘?F@P?C’“'FﬁE!s]é et
are preferably,derived by iteration over a triangle using a reciprocal of

the 20 perspective depth conponent, 1/w, DWX and DWDY, which provide the
gradi ents of 1/ wThe oumtdermndegetﬂnZngmmdmgeheslﬁ owst sipméfiGané bitsiofn i s

d b
pi0>r<]gl )éata and cn l%o?&gnﬁ%gsnen %‘?grﬂﬁg%ﬂal ? mt%g&%l%wgf‘gthe
present 10hve@bt |'Ithe N@R unit ﬁ@slﬂaelthed)llhanitrMJ 1|1d§2'5rbg:t§teze§ of s.iscadld:l OR:gateds u:[xthf

t 12,.. 14 ata nen or
Lo byt he- S buti e R 18 CftEafedn®haiB A% osfet rftinaticnat Kigie s5a Bk on

col or pi xel iglgtigpritritialti e 16 Wi ate £&rob,btherwiss # 26k0 ¥Dutput if anyrdwhéi@@l
directly to_ the blending unit and t he index creation ynit 16

The index crP&EHNBHL i§H ?nele%hi%enm%r&wsa g2 geniEelaignal af ifsoutpuifor apl e

to pr O%Iéig%ﬁagvdi{%fgcﬁﬁge FRREOX g@ﬁér% & irlde® of AN\Grich Q@&T‘FF%) eff APYRireON
for produ0|n bl end val ue wel | as ot her equations.” The index
i ghffib

creat i onlni 1% QStpﬁ*@lgﬁ%MI bits of the feactippakpentionasp £Are; thenrlend yapreoiduces

a novel two |

be- descri bos i Prdfo MSHEs [GEETER, Aty Hepth compBfbiefict 6 2 il Piroedh e

first porti cighdfoftthe bimatyxpdist représetitsa valumesmlltr phad @hasmylleatodambas an
represented in the table in the blend value generator 18 and therefore is clamped to.

the highest possible index & interpolation value which is all ones (OxFFFF). The
20 output of the NOR unit 26 is coupled through an OR-gate 35 to a control input of
the first clamp 36. The first clamp 36 is similar to the second clamp 38 except that it
either passes data received at its input or outputs all ones if the control signal on
the control input is zero or one, respectively. Thus, if all the bit 31-16 are zero, the
first clamp 36 disregards the value input form the register 34 and outputs all ones
25 to the second clamp 38.
The find first one encoder 30 also has inputs coupled to receive the 16 most
_ significant bits of the fractional portion (bits 31-16). The find first encoder 30 is
preferably a priority encoder or may also be made of a counter and combinational
logic. The find first one encoder 30 receives 16 bits and outputs a four -bit
30 representation for the position of the most significant leading one. In other words,
the find first encoder 30 effectively counts the number of zeros beginning with the
leftmost bit (bit 31) until a one is reached. For example, if the input were
“0001000011001100” the find first encoder 30 would output 0011, or if

“0000011010110011” the find first encoder 30 would output 0101. By counting
-9.-



exponent of depth conponent and significant bits of the mantissa for theV\D
depth - - - :
97}016790 : PCT/ US96/ 17402
conmponent. The second portion of the index is an interpolation value anc11I6

i ncl udes the ntissa for the depth conponent. The i ndex creation unit

out puts t hi s%}'ﬁi"?tion i ndex to the blend val ue generati ofF P12 The

bl end ' ' L.S.i.nclude | ook-up table and ot her
Cogic, as viTye,@BEvRHE 0P il binaty’ phibe Wi " Ryl S ifg Bie Sriment ole
4-8. The blbi{l/whbuw.glnether mary of loolr:]in'gtat élﬁis shRuRsiondy &(Ejaft![bya:ghthtiﬁgie%?stlog
bl end I . fiLst tion.qf the index.,is use et erm ne e
ap[(gpop\r/;aa'tJ :t%etﬂglr}i;% tl? f @geegx%rggy PHE‘QB’V S ATF cRmpRting-the, absoluteya ue of SRAneat °_f
portion of ¥Awg thecetual %xpﬁﬁ&ixtﬁ@négétﬁfepcﬁiﬁé@tﬁé%ng%ﬁgxlnsémei§ thinbs R 1 €s In

t he able and greatly increases the nunmber end val ues that can be
gener at e%. eypangRy ‘%Ir]jr’fﬁ rrecactally compyting the exponemtpefi w when wieaare val ue

and is CoURlRsting ZBfodstBUhe right of m{ﬁuﬁlrf Egint@g 'l?{@ 'c?\x[tétgl{ %f the féndu first fo-;{%ﬁ o

bl ending unit 20 has a first "I nput at couple e output
first regPrder30 ispreferally sovpleddhooughi arehddert 38 wnthedfosemmstisignffidant hat

col or. and Aot Be 16 bl 41, BiaCill il dngdngodty ol Giblecd e e it
18 .t o receiregistér@8iipdndicate the miFhiserufditithg vehielstdRed in the shift £d A Xttéﬁirs\étoa
Gompos: 0 nPABHARRSE ond Vet hod, » U. S Patent Application Serial Noo
filed Novenber ThelshHb registen 28 ts 4186 @OBSIea 6 Yettivd HleMBRGHgnikRARDIBKL BT 1 N
the art fractional portion (bits 31-16) as well as the remaining bits of the fractional portion
(bits 15-0) as data. The shift register 28 has control inputs that are coupled to
receive the output of the find first one encoder 30. In response the control signal
15  received from the find first one encoder 30, the shift register 28, shifts the value
stored in the shift register 28 to the left by the number of bits specified by the
control signal plus one. Thus, the present invention shifts of the leading zeros and
the first one off the left edge, thereby removing the hidden one from the mantissa.
For example, if the find first one encoder 30 outputs a “0011,” the value in the shift
20 register 28 is shifted four bits to the left. Similarly, if the find first one encoder 30
outputs a “1000,” the value in the shift register 28 is shifted nine bits to the left.
The shifting of bits basically shifts the leading zeros out of the shift register 28 and
these leading zeros are discarded. The most significant 12 outputs of the shift
register 28 are coupled to respective data inputs of the two’s complement unit 32.
25 The 30 least significant bits are unused and simply ignored. The two’s complement
unit 32 preferably has a plurality of inputs and a plurality of outputs. The plurality
of outputs are coupled to the 12 least significant bit inputs of the 16-bit register 34.
The two’s complement unit 32 preferably performs an inversion of the bits and
adds one to the inverted value. The two’s complement unit 32 also provides a
30 carry-out output that is preferably added to the bits from the find first one encoder
30. The outputs of the find first one encoder 30 are coupled to a first set of inputs
for adder 33 and the carry-out output of the two’s complement unit 32 is coupled to
the second input of the adder 33. The most significant bit of the adder 33 is

preferably coupled through OR-gate 35 to the first clamp 36. Thus, if the bits from
-10-



will also realize that the blending unit 20 may be an ASI C or ot her

dedi cated 20 hardware enbodi nent capable of conputing a bl ended col or
output” which 1s equal to: Colorln * (1-FogBlendFactor) + FogCol or *
FogBl endFactor, where the Colorlin data is the output of the first
regi ster 12, the FogColor is the output of the third regi ster 15 and
t he FogBl endFaQo¥168t a i s t he out put of the blend val ue genREHY$HEA7402
unit 18. 25 SpeC|f|c%Ft‘{Tbodi ments for the index creation unit 16 and
the bl end vahgéind first gag en RO @k¢ { 14d” And, the swolscomplementunit3rhas a

ref erence t%a?ﬁ[&itcdf' dile %%‘iﬁe Befp t of thél & %\Q?&tﬁgﬁ.\ﬁ'kﬁs aaﬁ@udftBrFFFF

i ndexes and er val ues. _ be note es are
provi ded onlEhexpexaijonss d@xahpd ebw fom dhe shift yegisterc28 amiath:nrwaésltomplement

pat hs and’ a0t on Barr Bty Safbie dpb Rl fol M rhetond) S7eTis-PFE,

th ]? true 3piThetabove approamtoyxeldsfart rgxmaﬁdn ohthertrme)mantlssa dMore

R to t]

it 161 SHEREni U BtesfeCintoBhb BroTes ar Giey apentise Valip firicach”
conmponent ini ?ﬁé Oahelst tﬁeqqrbitsrmaah%u%unghmeqﬁmﬁsssom%'qsuter\ﬁ{@@bl y

is a 48-bit ue in a
WO 97/ 16790 12-bit mantissa values using a true and exact mantissa calculation requires more

PCT/ US96/ 174§12n 12 m6p£e BifFakP ite YoBb 949&9 5. %BP{H@B& ﬁ SH AR m HHO(&SIE t he

nmost significant 1 are an |nte er value an e remaining 32 bits
are a fra@t @naimphugeof theyhardavare [imgplementation. hé‘h&s,tthmvalue stored én theat nore

or less t har}eéﬁt& 315s Woeﬂﬁig%(ﬁgt ;e?aﬁ'esren?atfé)%pc;fllhe fractional portion of the depth

component. This floating point representation is used as the actual index and

interpolation value by the blend value generation unit 18, unless the first or
second clamps 36, 38 is activate as has been discussed above with regard to out-of-
15 range values. '

Referring now to Figures 4A and 4B, the use of the floating point
representation output by the index generation unit 16 will be described in more
detail. Figure 4A shows of a preferred embodiment for use of the output from the
index generation unit 16. The index generation unit 16 preferably provides an

20 output having 16 bits. The four most significant bits (bits 15-12) are the exponent of
a floating point number and the remaining 12 bits are a mantissa of the floating
point number as shown in block 40. An index is generated from the floating point.
number using the exponent and the two most significant bits .of the mantissa,
-essentially the index is a 6 bit number formed of bits 15-10. This index is used to

25 determine the entry in the table. This advantageously allows the present

invention to limit the table size to 260r 64 entries. In the preferred embodiment,
the interpolation value is generated from the floating point number using the next
eight bits (bits 9-2) less in significance following the bits used for the index. These
bits are all part of the mantissa. The remaining two bits of the mantissa are unused

30 by the indexing scheme of the present invention. Use of the additional eight bits as
an interpolation value allows 28 values for each entry in the table, making the

tables’ effective size 214 or 16K.
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conponent, and other formats may be used such a n.m where n is the nunber
of._ 5 integer bits and mis the nunber of fractional bits. The 48 bits are

recei ved and stored in a register 22. This register 22 is needed where
the second register 14 is elimnated, but is unnecessary where the
system 10 includes register 14. This register 22 is provided primarily

for purpose NO&MS¥nation to illustrate how the 48 bi t BCHUE(1M493. 10

The i ndex creati unit_16 preferaply c rises an,OR unit 24, a uni t
26, ashitt regiiieiendy BUReCieh Yoo SiBa R SniRimentdin edhrating e

regi ster 34indexfandsinterpolatioAnaldés Brithotvrs enpilé sltaiRte3dmbddiencR Cthatin@ex Of
the index creation unjt 1 energlly iis a follows. The shift register

6 . . TL ]
28, encoder 8Ehsration uf‘“(}'ﬁsgeE‘SFﬂﬁ?g leptpgipoint number. cFhe gix mast signifisantbits
S T cant bt ' | . . | o d
si gni fican g}@cs 15-100"of the ﬂB&t%l‘i% ggﬁg mffbér £ taa‘é e%??‘réén@ Bl 48 ﬂéﬁ\)auﬁﬁg B

generate_a floating point valut referably 1 I'S provi
t he Pegbity thits340) axa the mantisss ag shown in blogk 424 In sudvanlalidrriate an i nput  of

the first c f | 36 i,s coupl ed
to an | nputérg‘gy?%genst'eg‘gn Eftgﬁge%%Qyérﬁgédo%%"g‘ﬁt‘hé‘?*w*ﬁs%@‘é&ﬂaﬂc| anp
provi des of sighificant bifs ob thet inantissdeare cised tas dhe interpolition] Galaedamd ehe tles a

t wo- portion_index. Lipes fromreqgister 22 providing the,16 nost
si gni fi cant m&‘?’ﬁ‘%ﬁ& arp,unused, ﬁ\ alsb] 5 ﬁ&b@é@ﬂﬁr‘ﬁ%ﬁ’l“ﬁ“?%@"ﬁe‘&?h

val ues) ar eirdeirgf sthesheCsfUhe Predenrt irnutionQantbtcusdd reBhidless of thé nubierSt
unit 24 may, be 3@5.;&' es of cascaded OR-gates _or other conbinational

| ogi ¢ sd€n bitgu rthe expeonant or the mantissa,ar the bit size pf the numbey entput by

ot herw se tjf ke rdiibh ' inl | | nput is
a one. The OR luni ’t( ggﬂe gener‘%‘tﬂtegltaseg%ﬁg g%ﬂ‘tmralo d%?gang{?ésa%lbﬁe;ﬁéﬁ?%ﬁ}el for

cl anpi ng ouexpAnendnge val ues to generate an index of all zeros

(0x0000). If any | s IF? t 0 r&.nQn-zero
t hen the val ue i%&téfrg%gé‘@ttjgrﬁéﬁg&;sé%o%éf 8&8?3%5eg%§ﬁ9‘%%ﬁ§}%95§%9§%@8“30r t he
dept h value @eaetationl tnib a8z is stovidbB The firsterhbodimergaf the blersbvalue one
and inplj.es_a . __negatj v.e .depth conpo val ue and ther ef we clanmp to
The out fdc  eeneration WBHI8a 1HebaR: 3 R S0 haVin SnaiPes ROFHGR 52 4T SOBRE, o
one in the fifeindergad Diowerrption G4lfer storing thé iNteridlatton vaRie h bMéndiieddr 1 O
1.0, therefore we again clanp the output to zero. The out put of
the OR uni t memary 56pasleltd, 8, onemonhd§; @ muttiplier 60; anrban edderi62. The blemdp 38.

The second %Lﬁxgpgeﬁgra%%% \?nig %aa isi bnagijcglly% i%gg}ur}aotlabien&'ét agé}%o%alq%%l% f%gt put,

calculating an increment value. The look up table preferably had 64 entries and

20 each entry in the table consists of a base value and the difference or delta between
the next table entry and the current table entry. The index is used to locate a table
entry, and the interpolation value is used to interpolate between table entries using
the difference value within the table entry. The first embodiment of the blend

_value generation unit 18a generates the blend value by adding the base value and

25 to the product of the delta and the interpolation value (blend value = table entry +
interpolation value * 3).

The register 50 has inputs that are coupled to the index generation unit 16
such that the index is received and stored in the upper portion 52 of the register 50
and the interpolation value is received and stored in the lower portion 54 of the

30 register 50. The outputs of the ubper portion 52 of the register 50 are coupled to the
address inputs of the blend factor memory 56 and the delta memory 58. The blend
factor memory 56 and the delta memory 58 collectively form a table with each entry

having a base value provided by the blend factor memory 56 and a 3 value
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and either outputs all zeros if the control signal on the control input is

one or - 8 - MO_._.
97T 16790 '

PCT/ US96/ 17402 passes through the value received at the data input if

the control signal on the control input is zero. Such a second clanp 38
coul d be radewofzasmé ural ity of two- ‘to-one nul tipex| er PCRUSPIH 420 nrori
control line, one input _of each multiplexer coupl ed to zero and the

ot her i nputprovideschy the delin memory §8p 4@@?@?&@%’9&?@3 alug for, gachogniry e
first cl a”phgiﬁmdd@#gt éﬁxﬁé}%{é lhs\hawﬂe@veamgé% Gt dﬁnmmmm@anda

portion of conponen e oufput o ex’creation unit 16 is
set to medt(entrym the table. mlneexemnhry thbln@ basevalnes fartgenertingrafdgli ng t he

16 nost t bit f i h

prefer abiSIyg@Sﬂl g il'bl F%pﬁfow%“’fd EP@%H’??%S%%*%‘% unletl‘g'gsgar |el ke

EE: P;S;JB |C]t:\)l]12éh.r mﬁﬂaggagﬂtg? e aase &deﬂt e yimﬂmmfaclmr The datacuttput of
- Co

L output | 9 bl Bl anenof B is QE P B imuhfane 59et 6t Bkl i

any of the Bée valu@tmbhrsammé& WP AR indreeNORalil I THOir@edRE Gud isont 1 ol
signal at its output for anpi ng out-of-range values to generate an

i ndex of al ¢treqtedsby thifttiplyjing trie 8 ivlaluef tot the ifferp dlﬁhtmsmhm gThé irderpoliiiors of
the fractional portion are zero, then the bl end v cl a ed to all
opes h( Ox FFFRlue ipproyvided at therents ofithe 1‘1‘89’01?0%'19!"25 'Hé‘E§e$‘8teF RE ri ght
O 1 S pEPE SRR o Al 1SRG 40Tt g ot
cl anped to memory 58 are coupled to a second plurality of inputs of multiplier 60. The
multiplier preferably performs and 8-bit by 8-bit unsigned multiplication function.
The outputs of multiplier 60 are coupled to a second input of the adder 62. In the
preferred embodiment, only the eight most significant bits output by the multiplier
15 are used as the increment value and coupled to the adder 62. The output of the
adder provides the blend value generated by the present invention.
Referring now to Figures 6-8, alternate embodiments of the blend value
generation unit 18 will be described. For consistency and ease of understanding
like part numbers have been used to reference like parts in the alternate
20 embodiments of the blend value generation unit 18.
Referring now to Figure 6, a second embodiment of the blend value

generation unit 18b is shown. The second embodiment of the blend value
generation unit 18b differs from the first embodiment because the & value is
calculated dynamically and need not be stored in memory, and a single dual port

25 memory is used in place of the two memories 56, 58 required with the first
embodiment. The second embodiment of the blend value generation unit 18b
comprises: the register 50 having upper and lower portions 52, 54; the multiplier
60; the adder 62; a second adder 70, a dual port blend factor memory 72; and a

subtraction unit 74. In the second embodiment, the index is used to locate a table
30 entry, and the interpolation value is used with a dynamically calculated $ value to
interpolate between table entries. The § value is dynamically calculated by reading

the current table entry from memory 72 and next table entry from memory 72, and

subtracting the value of the current table entry from the next table entry.
-13-



the hi ghest possible index & interpolation value which is all ones
(OXFFFF). The 20 output of the NOR unit 26 is coupled through an OR-gate

35 to a control input of the first clanp 36. The first clanp 36 is
simlar to the second clanp 38 except that it ei t her passes dat a
received at its input or outputs all ones if the control t he
cont r ol |npu‘l"°9§’"2"8?o or one, respectively. Thus, if all gﬂ'ﬂ?sﬁ’ 64016 are

(

zero, the cl. he val ue ,i nput for t he register
34 and outputs 4 ISP‘% 1%?@1,%(9{%%?@%%586 EFeghyss 25d stores the index find
first f one Bttquﬁmﬂﬂvﬂha.o 'IMSndébplistmhputl by&l(d% hppég Stltiéj)h H_II_ﬁf ﬁ? %fier
significant hits o acti.qnal .porti its e find first
encoder 30Which “Bﬁ%’fe'é’ré l"&? &H%B'&QMB 2304 frst inmyuts ef e of a
counter angecoatiddRt 70N The second' ﬁghﬁs toihs séeoaa dddes 70 ARE F&&gﬂghﬁa

i Pon

receives 16 bits and outputs a fo represent at
posi ti o oWiregdetonds tswhgﬁatrcpmaddeddcm@emd@xto iproducer thedndex for the neke fi nd

first enco | th the
ef tmost bR §*? R, Y8 .%f‘i@%ﬁ? i3 %:fﬁ %}?95% ﬁév"*’sﬁe,??ﬁ?%ﬂﬁl%ﬁm%

wer e sam CeliressGnpad of themefrionyl 7Ri At hasrheedarotad abovd, theo g

O tounti nip Prefcraniy s 30100 mddiSty' aBable'dr doog o aarlOllt %gﬁaﬁgxeous y

WO 97/ 1679@nd frowdmg the data at the apphed addresses simultaneously. The first data
PCT/ US96/ 1740 zeroes to, the [ ght _of the bi nar paoint we are actually

conput i “b PHH"E)&th% memery 72 is coppleg) tofhe, firstinpuiaof ?déﬁf 3 ardpyouideshi s
cal cul ati 0 HaSe VAR{e BYwRRHThE MkréeAf) value f&%dh@& mhahirspaaﬁ%tpwaf $hePOI Nt

we are conputing the absol ute val ue of exponent
memory 72 is also coupled to the second inputs of the subtraction unit 74 for

dynamic calculation of the § value. The first inputs of the subtraction unit 74 are

coupled to the second data output of the memory 72. The subtraction unit 74

15 subtracts the value applied at its second inputs, B, from the value applied on its
first inputs, A, and may be formed from an' ALU, combinational logic or various
other forms recognizable to those skilled in the art. The output of the subtraction
unit 74 is coupled to the first inputs of the multiplier 60 and multiplied with the
interpolation value as has been described above with reference to the first

20 embodiment. Again, only the eight most significant bits are coupled to the adder
for summing with the base value to ultimately generate the blend value.

Referring now to Figure 7, a third embodiment of the blend vatue

generation unit 18c is shown. The third embodiment of the blend value

generation unit 18c differs from the first and second embodiments because a &

25 value is not used. The third embodiment of the blend value generation unit 18¢c
comprises: the register 50 having upper and lower portions 52, 54; the second adder
70, a dual port blend factor memory 72; a third adder 80, a fourth adder 86.and a pair
of multipliers 82, 84. In the third embodiment, the blend value is calculated by
summing the product of the current table entry and one minus the interpolation

30 value with the product of the next table entry and the interpolation value [blend
value = table entry*(1-interpolation value) + next table entry*interpolation value].

Like the second embodiment, the third embodiment 18c has the upper

portion 52 of the register 50 coupled to the second adder 70 and the memory 72
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1/w, the actual exponent is negative. Since the exponent of wis mnus the
5 exponent of 1/w we are actually conputing the exponent of w when we are
counting zeroes to the right of the binary point. The output of the find

first one encoder 30 is preferably coupled through an adder 33 to the
four nost significant bits of the 16-bit register 34. The find first
one encoder 3W0i%16®80 coupled to the shift regi ster 28 PCHUSHAITAR: e t he

nunber of bits the value stored in the shift register is to 10 be |eft
shifted.  such that thermemony 72 ouipjits tae comrenttablesentehand dhe nextrtable adrit he

¢ eianifi ) o i are bi ey A 'l
TSt 51 00 8B Ao R the mebd S 200 b o P v | o
shift regi samsd titBsekand date vutpuk npthesmenary T2 és cauppéd: tb a dirst inputofi ve t he
out put of the,find JJ4rst_on ncoder .30., I n onse the contrgl si | 15
ecoi ved 1 rBHPEEr 4 Hrodife BRRHn 381 At VIR SR ales, FEpRitval) “3Re: | <
L he val ug f}ov\(rje&tgsvr?ﬂnisn dof ke ség‘iétlér 5@wa?@ﬂ?&&m*bt$md B{Iiuttﬁx mtlileipliuitﬂber of
its specifje e.. control si . plu e. S, e prese

nvent | on SH KSVePaion Hch g Towinst Sl bouled AFoRERIRVERE BT 1o PRcRL
edge, ther clpuiaPaddua 80N ThaldEia ARt bf AdaTHD iTfefibly hard-wiiell BAHC,

if the find first one encoder 30 oufputs a "0011," the “value in the shift
20 regi st ethapghe interpolation velue is pifectively sibtrasted frennpher The outputhef thend

o T S PRI S orpim W e gt 1 o

shifts tlfe 8éart pupferablysthesamefastrhaltiplief 60.r dhie ouputd ®f dhelmultiplidre 82, 8£adi ng

eoistor 2aebapntye RSB it SRTberdia Mo RMSF 000 R s oy

unit 32. 25of tHeamdRipliees 82, B4ghaf aregibvidietl asdhpulsrtotheladdér 85 avel thie ieglar ed.

The two's conpl enent .unit 32 preferably has_a plurality of inpyts and a
plurality om%hflsa{h;?nfrh’és Fom gqqhtxpu{hphes ot pline aé&‘“e‘ OBV sﬁb"#’h"é“ﬁZ
|l east signi {Alwenk iRidutput s of the 16-bit register 34. The two's

conplement unit 32 preferably perforns an inversion of the bits and

adds ond3to the R#em&BOWaﬁ/ﬁgu%% a {pyrth andybinehembodimentf the dengd yaluges
a 30 carr 'E afibfh Rinit %@fs ghowt th¢ %ﬁr?h ?%%?}é}g’"t S€trd Biend varel he find

first one ercoder e outputs o first one encoder 30 are
coupl ed to genération swit 18d diffess from the éther ecibbedirBentabdcause thererig-acmemmry put

AR A DR N MR TR R O T

embodiment 18d most closely parallels the third embodiment except the dual port

20 memory 72 and adder 70 have been replaced by two blend factor memories 94, 96,
an adder 90, and control and routing logic 92, 98, 100 and 102. As in the third
embodiment, the blend value is calculated by summing the product of the current
table entry and one minus the interpolation value with the product of the next
table entry and the interpolation value [blend value = table entry*(1-interpolation

25 wvalue) + next table entry*interpolation value).

The lower portion 54 of the register 50, the inverter 88, the adder 80, the pair
of multipliers 82, 84 and adder 86 are coupled identically to the third embodiment
as had been described above. The five most significant bits of the index are coupled
to a first input of a multiplexer 92, the first inputs of the adder 90, and to the

30 address inputs of the second blend factor memory 96 that holds the odd numbered
index values. In the cases where the index is an odd number, the next entry is in
the even indexed address but has an index number one greater than the current
index provided by the five most significant bits of upper portion 52, and therefore,

the index value must be incremented and then applied to the first memory 94.
-15-



preferably coupled through OR-gate 35 to the first clanp 36. Thus, if the

bits from - 10 -

WO 97/ 6790

PCT/ US96/ 17402 the find first one encoder 30 ar e "1111" and thehtvvo' S
conpl ement unjt 32 has a carry-out of one the entire output of the

i ndex generaBY A% is clanped to FFFF. The oper at i onECHES¥TH2

' . Qi 8 dih ' | t it 32 .
Savant ageouly AomeldaEhade: Mind BiubpBxe: £2 BouErrs tehers fhe indesdaaned.
5 The aboveeweppmaabér, yhefides neost ajgpificantbits @ uppet portions2 & bé afdctOr €

I npor tant | th r.e -invention produces a different mantissa val ue for
cach ?/ﬁﬂﬁ]k?%v |‘I?3§3$e eYen and grlgaddess MemeEah 4. %6dfor wielding the surremp

t n'gufy ' | ; u | Lssa
gglmc)ﬂl St :Joln reqaxi“? éli@rrnr%trt'tgnﬁ%}éf- Ean Ofyli E%ﬁ?ab@?ség%{iﬂﬁo@%%c%p éif I gtgalkg
One of the Preferablyhasd-wined torevalie ofonepand fhe utpuls of the agider 98 abacoiypled

ornt ¥ opr Coane ST oot O AU DM BIleD o2 e spp S mithriSel s afont
Thi s fl oat ieeypled tn thegpidsessrinputsoof the firstchlend fadier metory 94 Hoeseledtively
or o secopiia S e Bl ool ReRnlely Bhe < cussed above wi th
regard to out - of Fheldutputsngfethe dirsteblend factor memor{r9i Qindi the sBid Blehd FHétes 4A
ndex. Gcr BERORY dhiste SeBlen 0 Bak B e seebrid imppor @ patratamilptenpes 4001
shows of a 162 eettveR Bl afPossiti? sWitchNRaCHiAWY tle’ AL SF either
memory 94, 96 to be applied to either multiplier 82, 84. The outputs of multiplexer
100 are coupled to a first set of inputs for multiplier 82 and the outputs of
multiplexer 102 are coupled to a first set of inputs for multiplier 84. The least
15 significant bit of the index from the upper portion 52 is coupled to the multiplexers
92, 100 and through an inverter 98 to multiplexer 102 to control the selection of
data that the multiplexers 92, 102, 104 pass. For example, if the index is even then
the 5 MSB of the index are used to address both memories 94, 96 and the LSB of the
index is zero because the index is even, thus routing data from the first memory 94
20 through multiplexer 100 to multiplier 82 and the data from the second memory 96
through multiplexer 102 to multiplier 84. In contrast, when the index is odd, then
the 5 MSB of the index are used to address memory 96 while an increment value of
the 5 MSB of the index is created by adder 90 and passes through multiplexer 92 to
be applied to the address inputs of memory 94. Since the LSB of the index is also
25 one because the index is odd, the data from the first memory 94 is routed through
multiplexer 102 to multiplier 84 and the data from the second memory 96 through
multiplexer 100 to multiplier 82.
Referring now to Figure 9, a flow chart of a method for creating an index is
shown. The method begins in step 900 by either receiiring or retrieving an iterator
30 value having an integer portion and a fractional portibn. Then in step 902, the
method tests whether the integer portion of the iterator value is equal to zero. If
the integer portion of the iterator value is equal to zero, the method proceeds to
step 904 where the index value and the interpolation value are set to all ones

because an out-of-range condition has been detected, and then the method ends.
" -16-



I ndex generation unit 16. The index generation unit 16 preferably provides
an 20. out put having 16 bits. The four nost significant bits (bits 15-12)
are—tte exponent_of a rloating polnt nunber and the renmaining 12 bits
are a mantissa of the floating poi nt nunber as shown in block 40. An

i ndex i s generat.ed fromthe floating point nunber using the exPonent
and the two nwets7aémmi ficant bits of the nmantissa, esseMGTAISPY

index is a 6 bit nunber fornmed of bits 15-10. This index s used to 25

det er mi ne tﬁ)@ ﬁntqtlyen rhanﬁelfttbfa integerrpartignof thedetater yalieid et edaalipZEEnt

I nvention t 0 f

enbodi nment , ﬁ‘ ocf?o% ter L?n? {%’?d\?allée |s§g6é§§ér g’%&%oq #%ﬁ%ﬁe%e?otg% Fﬁ‘gee“
poi nt nunbemdsssigmﬁdaﬁt bitx of the frmtginal pottior( aret all gerd) If tlmssmeemxwﬂtf i cance

following th d.f t h
rant s’ ThiEntiseRt Bt gt Hig frarional pottion fhe ] aere, Seaiehbd afors i sfipd
I ndexi ng 55C BasRise anbitRer RHARRIVE-rk idition Ha&ebedn ﬂétectedlﬂﬂh lstup8908eﬂght bits

as t | at I
t abl e, me;E| In??tﬁ getesl I 2%({% ggluglgp WE\@ lzlgg\tl'gq!)lgggxszg{tﬁet%i kgg}ogyafter} t;[v ch

- 11 - 9
method etf3. SOtHEVAL, if the sixteen most significant bits of the fractional
PCT/ US96/ 17 92 Referring nowto Fig ﬁa‘ 4B, an alternate

enbodi nent portigreass neot all zetoe the methatbmoyes to ﬁtﬂ?r?i@l and determinesdhe qusmbein.
In the alter ?%Eereoseimiﬁ f%ggmltﬁb%bﬂ% the most significant bit to the next less

10 significant bit that is a one. Then in step 912, the method sets the index value equal

ﬁ

to the number of zeros before the leading and most significant one of the fractional
value as determined in step 910. Next in step 914, the method determines the bit
position of the first bit that is equal to one and is of the most significance (i.e., the
bit position of the leading one). Then in step 916, the method uses a fixed number
15 of bits to the right of the bit position determined in step 914 as the interpolation
value, and the method is complete.
The present invention also includes a method for generating a blend value
as detailed below with reference to the flowchart of Figure 10. The method for
generating a blend value starts in step 1000 by receiving an index and an

20 interpolation value. Then in step 1002, the method determines a delta (8) value

using the index. The method can determine the delta value by using the index to

access a table of various delta values. Alternatively, the § value can be determined
using the index, by retrieving a first value for a current entry specified by the index
and the retrieving a second value for a next entry specified by the index

25 incremented by one, and determining the difference between the first value and

the second value. Next, the method continues in step 1004 by multiplying the

interpolation value retrieved in step 1000 by the 3 value to produce a base factor
increment. Then in step 1006, the base value is determined using the index. This
is preferably done by reading the base value from a look-up table where the index
30 identifies the entry in the look-up table. Finally, the base factor increment is added

to the base value to produce the blend value in step 1008.

While the present invention has been described with reference to certain
preferred embodiments, those skilled in the art will recognize that various

-17-



generation unit 16 generates a floating point nunber. The six nost
significant bits (bits 15-10) of the floating point nunber are the
exponent and the remaining ten 5 bits (bits 9-0) are the nmantissa as shown
in block 42. In such an alternate enbodi ment, the six bits of exponent
are used as the'index, the eight nost significant bits of the ntissa
are used as YR pol ati on value, and the two r enai rﬂcﬂ'&’sﬂf’vg&are

unused. Th . & i d t how. t he i ndexi ng schene
of the pr oaeRifbRe nrBE brOpideq ATRRE b ciier Vel Ofs smemANT o1 "T0” bt
used for thedifigatioastto dhe preferred embodimentshure lprovided dooby the praseher out put
by the.ind%x ge eratipn.ugitllg, gg Iﬁqg_as the index includes all the
bits of thifventop, which is limited only by thedollowing dlatns o Figure 5, a first and
preferred enbodi nent of the bl end val ue generation unit 18a is shown.
The first enbodi ment of the blend value 15 generation unit 18a includes: a
regi ster 50 having an upper portion 52 for storing the index and a

| ower portion 54 for storing the interpolation value; a blend factor

menory 56; a delta, [err], nmenory 58; a nultiplier 60; and an adder 62. The
bl end val ue generation unit 18a is basically a | ook-up table and
additional logic for cal cul ating an increnent value. The | ook up table
preferably had 64 entries and 20 each entry in the table consists of a
base value and the difference or delta between the next table entry
and the current table entry. The index is used to |locate a table

entry, and the interpolation value is used to interpol ate between table
entries using the difference value within the table entry. The first
enbodi nent of the bl end val ue generation unit 18a generates the bl end
val ue by adding the base value and 25 to the product of the delta and the
i nterpol ation value (blend value = table entry + i nterpol ati on val ue *
8). The register 50 has inputs that are coupled to the index
generation unit 16 such that the index is received and stored in the
upper portion 52 of the register 50 and the interpolation value is
received and stored in the I ower portion 54 of the 30 register 50. The

out puts of the upper portion 52 of the register 50 are coupled to the
address inputs of the blend factor nenory 56 and the delta nenory 58. The
bl end factor nmenory 56 and the delta nenory 58 collectively forma
table with each entry

-18-



havi ng a base val ue provided by the blend factor nenory 56 and a 8 val ue
- 12 - WD 97/ 16790 _
PCTTUS96/ 17402 provi ded by the delta nenory 58. The delta nenory
stores a value for each entry that indicate the difference in val ue
between the current entry in the table and a next entry in the table.
An exenpl ary wad7ae™bd base val ues for generating a fog R W% ue
are provided in Appendi x A The table represents a piece-wise 5 |inear
approxi mation of the true curve for tAPPEBEOAending factor. The data

out put of th %hﬁﬂ SFBR. | I i [ t he
addgr 62 so thatgt e gf&%?sbgéflal ueég%%ﬁ?b«émgg%d%%ﬁ’aglﬁgicgﬁ%gncgﬂ%m\?adue.
The i ncr enetn be dheidistance in feefrfeamdhie wiewerl (Thel fpgnigludsearp dloating gloirt blend he

of the. 1 ove PR if e S B8 a8 Pl iy R Wi Sl MG Bl 2 1 P
plural ity oflohtifg pdirtfvalte ultiphed B9 .255h Thdaictuad liapdsirarecfaked funidetsafrom

menory 58 are _cqupled to secqn urality of inputs of rmultiplier 60. The
mul tiplier E%?ﬁf%?owy Vﬁ%‘ﬂﬁo‘?"ﬁﬁ‘géga '?@-cmalag?hsem the pearesh infegsrt (Nate that i on

function.  sincdliRe ﬁ\&d@c%%.@(efx%hé%tﬁg%ﬁﬁssﬁptﬂi%&ai&&rﬁ@ i Ahs Ki&pet i nput  of

the adder 62. In the preferre odi nent, only the eight nost
si gni i cant deubles gyepyfousytableentrigs; Thus.ave have four fableeniries for evarst pAWET

val ue and c | gl r : Loy des
t he bl end vgr g’eﬁrg"g’rrl\\gf %J%ggst%sgég ral;? g‘X? H}r%%ﬁtc};ﬁ Pf thick fam}@fq glrﬁrl ng
now t o Fllyuhage.6 The firlal eolumre iscthiealtiltacvaiue wthichis the aliffereate between the

current base value and the next base value as used in the preferred embodiment

(Fig. 5) of the present invention. Although not shown as such the delta value is
preferably rounded to the nearest integer. '

Blend Factor Base
15 Index Distance(z) (Fog values) Value Delta
=0 2z=10 0.00 0.0 0.04
i=1 z=1.2 0.00 0.0 0.01
i=2 2=14 0.00 0.1 0.01
i= z=17 0.00 0.1 0.01
20 =4 2=2.0 0.00 0.1 0.01
i=5 2=24 0.00 0.1 0.02
i= 2=28 0.00 0.1 0.02
i=7 2=3.4 0.00 0.1 0.02
i=8 2=4.0 0.00 0.2 0.03
25 = z=4.8 0.00 0.2 0.03
i=10 2=57 0.00 0.2 0.04
i=11 2=6.7 0.00 03 0.04
i=12 2=80 0.0 0.3 0.05
i=13 z=9.5 0.00 0.4 0.06
30 i=14 z=11.3 0.00 0.5 0.07
i=15 z=135 0.00 0.5 0.09
i=16 z=16.0 0.00 0.6 0.10
i=17 2=19.0 0.00 0.8 0.12
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generation unit 18 wll be described. For consistency and ease of

under st andi ng | i ke part nunbers have been used to reference |like parts
in the alternate 20 enbodi nents of the blend val ue generation unit 18.
Referring now to Figure 6, a second enbodi ment of the blend val ue
generation UHM “18b is shown. The second enbodi nent of the blend val ue
generation ul 8% ffers fromthe first enbodi ment becau®/PFMNT40%
value is gcal cul g:_i\éi dynam |y and need ot be stq%sed in menory, and
a single dua port 2 menory |s sed in pl ac of the t menories 56, 58
requi red wiielh9t he fi zs26.9 en@di nrent. The ggcond enigpp ment of the bl end
val ue generagjon unit rises: the reglster 50 havi ng upper and
| ower porti oh 52, Sﬁfﬁe mul tﬁ& ier 3t he adddk2l62; a second adder
70, a dual jpRit bl eng=8gittor negmay 72; and a15 subtggction unit 74. In
t he secopd .eppodi rrentuéé he index is used to |locate a table 30 entry, and
the inte de i on vafa®?s usedWlth a dynam t8l 1y cal d2%ted [err] val ue

to i nkeg pol at e ;hes yeen talglgg entries. Qg [err] \ﬁaé‘lue is dynamically
cal cul ated by reading the current table entry fromnenory 72 and next
t abl e entryl 4om nemer§4.02, and0.01  subtract26g the vdldle of the current
e MO T SgH Y a1 oas
PCT/ US96/ 1742 z=90.5 As shO\m in Figure $6 the regsger 50 receives
the uppdl §57Li on S2781A%e regPTer - whi oh1s coupl®b o first address
inputs of tikegmenory zZgmd fi retozl nputs of the 0.81
i=29 z=1522 0.02 6.1 0.96
i=30 2=181.0 0.03 7.2 1.14
i=31 z=215.3 0.03 8.6 1.34
15 i=32 z=256.0 0.04 10.2 1.59
=33 z2=304.4 0.05 120 1.88
i=34 z=362.0 0.06 14.2 221
i=35 z=430.5 0.07 16.8 2.60
i=36 z=5120 0.08 19.9 3.06
20 i=37 2=608.9 0.09 235 3.59
i=38 z=724.1 0.11 27.7 4.19
i=39 2=861.1 0.13 326 4.89
i=40 z=1024.0 0.15 38.3 5.68
i=41 z=1217.7 0.18 438 6.56
25 i=42 z=1448.2 0.21 52.4 7.55
i=43 z=1722.2 0.24 61.0 8.62 -
i= 2=2048.0 0.28 708 9.78
i=45 z=24355 032 8.8 1099
i=46 z=2896.3 0.37 94.0 12.22
30 i=47 z=3444.3 0.42 107.4 13.41
i=48 2=4096.0 0.48 121.9 14.51
i=49 z=4871.0 0.54 137.3 15.41
i=50 z=5792.6 0.60 153.3 16.02
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second adder 70. The second inputs to the second adder 70 are preferably
hard- 5 wred to "1" such that one is added to the index to produce the

in - € Nnext entry in the table. The output of the second adder
70 is preferably coupled to the second address input of the nmenory 72.
As has been noted above, the nenory 72 is preferably a dual ort nenDry
capabl e of acwepmrnergotwo addresses sinmultaneously and pPE¥US

data at theygfplled addr esses S|nultaneously The first data 10 output of
the memory #blis cou6888.6 the 866 st input 1696 t he add@r462 and provi des
a base val ue_g-0 whi chz_téig pner en@?g al val ue 1§§dded i{Be7first data output
of the nmenory 72 1S a so coupled to the second inputs of the

subtracti onizB8 t 74 fz¥9742.0 dyna®¥2® cal cul at200¥ of thel816al ue. The first

i nputs of th ubtracti it 7 d to t econd data out put
of the rrermr"_gséz. The?= §3§§$‘gctl oﬁsﬁmt 74 15ﬁlﬂﬂgubtract 25'?§e val ue applied
at its serorshy nput s, zA3777.9om t hggyal ue applnm;hon its1192 first inputs, A
and may be formed from_an ALU, c&gglnatlonal |c or v ous ot her
forms recoghﬁ%&ble t 2TH08840 s | in the a The out%% of the
subtractionj_gzy unit 24194§4§0uplgg5t0 t he flggsl nputs pRethe multiplier 60
and multiplied with th i nterpol ati on val ue as has been descri bed above
with refereds® to theZ=F33ﬂZ@-520 @RPodi ment. A6 n, onl yddBe ei ght nost
significant b gs are gc adder or su wi th the base
val ue to uI??%ately genergfe thebgfend value251é rmbagteferring now t o
Fi gure 710 ai&é0 rd enbeoeB27680 of 082 bl end vaRifké gehédati on unit 18c is
shown. The third enbodi of t bl end val gen tion unit 18c
differs frodf Le flrs?4§§gagecongﬁ%nbodinentzg%%caus ng val ue i s not
used. The t higdl enbodismsanl.of t heobl end vaIue&g@neratloosanlt 18c
conprises: the register_50 haV|n? upper and é§¥ﬁ; portigqi 52, 54; the

second adder=63 70, Z2oRU3P por 08| end fact nory 72;*¢a third adder 80,
a fourth adder 86 and a pair of multipliers 82, 84. In the third
enbodi nent, the blend value is cal cul ated by sunmm ng the product of

the current table entry and one mnus the interpolation 30 value with the
product of the next table entry and the interpol ation value [blend

value = table entry*(1-interpolation value) + next table

entry*interpol ation val ue]. Li ke the second enbodi nent, the
third enbodi nent 18c has the upper portion 52 of the reglster 50
coupled to the second adder 70 and the nmenory 72
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- 14 - VO 97/ 16790 |
PCT/ USQﬂuu ﬂu ul " unﬂu that the memory 72 outputs the current table entry
and thelM " The first data output of the menory 72 is

coupled to a firrst input of multiplier 82 and the second data output of
thé menmory 72 is coupled to a first input of mul tiplier ovi de
the current ¥RAVHI®™ table entry val ues, respectively. Thepggéﬁé)s\%g?d’zportion
54 of the i ' E@Jpl ed to the second input of rultiplier 84.

The | ower "register 50 is coupled through inverter 88 to
the first I nputs of adder 80. The second input of adder 80 is

preferably hard:wired to.1 such .t hat th‘f ilnte olaiog val ue is
effectively sublract@dSYatesmiBngenerating achlend yrluefrom a depthcomppnent,thgp| ed
to the sec eﬁlr@ﬁpﬁgingulti plier 82. The pair of nmultipliers 82, 10 84
are preferably the sane as nultiplier 60. The outputs of the nmultipliers
82, 84 5 are ?&drxcgenesation yoyhaying an iupyt and an outpel dherinpwdafdher t he

adder 86. The out put; : } bhiblbg ", : t ' as
i nputs to the adder l§1ge)z§1rgeeﬁ tgﬁgﬁgtitgﬂtts ‘Eﬁlb%étr%‘éégﬁ% %@ntp a%’ﬁésgﬁg’?n&gach
mul tiplier 82, 84. Tindex@eneralibnprit geresatig ablterepart floatihg ot indexout put .
15 Ref erring w ta Fi e fourth and final enbodi ment of the
bl end val ue genggg?‘l %ﬁ %%l% °f§b°°?‘§“§m. The fourth enbodi nent of the
bl end val ue a pleret ealuergenetadtichSanie habitgsar nputtahd @t betpue iedinanof
because, there is a nt% ry . 94 for even ,addrelsaes ﬁnd a separate nmenory
96 for ¥Hd addressest g%{émﬂ Yaluegeneration unit coupled to the output of the index
generation unit for receiving the two-part floating point index, the
blend value generation unit using the two-part floating point index to
produce a blend value.

15 2, The system of claim 1, wherein the two-part floating point index

includes a index portion and interpolation portion.

3. The system of claim 2, wherein the index generation unit further
comprises:
20 an encoder for generating the index portion of the two-part floating point

index, the encoder having an input and an output, the input coupled
to receive selected bits of the depth component; and
a means for generating the interpolation portion of the two-part floating
point index, said generating means having an input and an output,
25 the input of said generating means coupled to receive depth

component.

4. The system of claim 3, wherein the encoder is a priority encoder that

detects the number of zeros before a leading one in a series of bits.

5. The system of claim 3, wherein the means for generating the
interpolation portion includes a
a shift register having a control input, a data input and a data output, the

‘data input of the shift register coupled to receive the depth
-22.
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enbodi ment 18d nost closely parallels the third enbodi nent except the dual
port 20 nemn 4 70 have been replaced by two blend factor
ne‘rTﬁr‘l'és—'QﬁwlmuﬁIIn!ﬂHg a 90, and control and routing logic 92, 98, 100
and 102. As i# tmetithmrds * enbodi ment, the blend value is cal cul ated by
summ ng the product of the current table entry and one mnus the

i nt er pol ati onwoatnergani t h the product of the next t abl e BETUSICATH2t he

i nterpol ation value [blend value = table entry*(1l-interpolation 25 val ue)
+ next table entry*i mompanent and the corfrol input coupled tyiihe ovigt ofothei on 54 of
the register 50, the éa{&xgé't.% 88, the adder 80, the pair of

mul tipliers 82, 84 and addér g6 are coupled identically to the third

enbodi nent aswbsocdmplemeat anitted/isg andnpihand outputofer isvertingi arairtpui t s
of the index are coupled a first input.of a nmultiplexer 92 .the
first inputs of the a%&éﬁ“@é,a‘faﬂ?ﬁs? ATY o5 tothe mp st theégapptaf thee ong
bl end fagtor Menory v bhasmpRintiint e @sipledEPEiesurput of thdghiferepises, ahd

the cases where the index is an odd nunbéer, the next entry is in .the
even. i ndexed address 1hatOUBYt ﬂgthen"d‘ﬁs semplementeunif prewding, the iternolation
I ndex provided by thepglitwﬁ' nost significant bits of upper portion 52, and

t herefore, the i'ndex value nust be increnented and then applied to the
first nenory 94. - 15 -

WO 97/ 16790 . . . . .

PCT/ US96/ 17402 & % SR B .y Bhersin e Bylex BEnFRAFIon UL Syrtee
However ,10/hesgpirises:i ndex i s an even nunber, the five nost significant

ERSICNTICALEEO M T RN R
input and an output, the input of said detecting means coupled to
receive selected bits of the depth component; and

a clamping unit having a data input, a control input and an output for
15 selectively setting the output of said clamping unit to a predetermined
~ value in response to a control signal on the control input of the said
clamping unit, the data input of the clamping unit coupled to the
output of said generating means, and the control input of the
clamping unit coupled to the output of said detecting means.
20 _
7. The system of claim 6, wherein said means for detecting an out-of-
range value is an OR-gate; and the clamping unit clamps to a predetermined value

where all bits are equal to one in response to the control signal.

25 8. The system of claim 6, wherein said means for detecting an out-of-
range value is a NOR-gate; and the clamping unit clamps to a predetermined value

where all bits are equal to zero in response to the control signal.

9. The system of claim 2, wherein the blend value generation unit
30 further comprises:
a memory having an address input and a data output for generating a base
blend value, the address input coupled to the output of the index

creation unit to receive the index portion of the two-part floating

point index;
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entry and: t t respectively. The second set of inputs to the
adder 90 ar, Ilmmlmeumﬂigrhardw red to a value of one, and the outputs
of .t he -adder* 96 are goup to the second set of inputs of nultiplexer

92.* The output of the multiplexer 92 is coupled to the address inputs
of the first“}i*lgnd factor nenory 94 for selectively applélin ei ther the
i ndex or and™hde¥*Pncremented by one. The out puk SRTAR2 £ j 1 st

bl end factor nme 4. a he. second bl end. factor .10 nenory 96 are

coupled to the E) {rhé?'%at?d rl’%@% 8 Eﬁ'bﬂ'{%er%nqafaﬁg’ﬁsab‘il grTfTatipgaresns hagng a
and 102 effectively figstiihpgt, a secrids iripat andl drcHutphdtthaltr@plie 6f atlput  Of
ei t her menory 94, 96 t.o be applied to either nmultipli ef 82, 84. The
out puts of mul tipl engneramﬁwa&gém'm foreceive the indexqartign of the tworpart

mul tiplier 82 and t hfogtih® pbintGhdex, and ddcBh@iRHutlds a first
set of iegputs for rrultipl?gr 84. Thgnl east 15%@'1 a?dgﬁtﬁépé%gﬁ e i ndex

. | ; ignific
from t he’ upper porti 6PMBledite reeiye the interpplation parpbnyadrthe two-Sit flbatingnd

t hrough an inverter : .Lipl exer 102 to control the selection of
data that the nulti ?élﬁet?lsl%%h?o& 104 pass. For exanple, if the index is
even then t lap esldeBBavingt & firstriniput, arsecarsd thpiup anddiresstpud) the TREPIpYE 94,

96 and the LSB of th i LS zero, begause the dex i s, even, fhus
routing data fromt hgotml?gttgﬁgrig?% %}%PEE)OF %@ﬁ%ﬁﬁism%imm@fﬁbe
mul tiplier 82 and thaddeteuplahtd the aepandf %H‘g@ﬁeﬁﬁnﬁ mearisUrid e ontpu

! &l o : _ tput
mul tiplexer 102 to multiplier 84., 1n cqontrast, when the index 1s odd; then
the 5 of the indghhﬁ)@‘fﬁﬁﬂ’@%ﬂ Mel¥gry 96 while an increnent
val ue of the 5 MSB of the index is created by adder 90 and passes

through mul tiplexer 92 to be applied to the address inputs of nenory
94. Since the L3B of Thagystamesf ¢lainy 95 whetein saisl ineansfr gemeratirgeinchadesdd,

the data from t Rediia’ : | tiplexer 102 to
mul tiplier 84 and é';Hﬁ‘exﬁgat 2 ¥r5(¥)1rrr‘1 t Heég‘ie%%%@?’r?g%g;ég%éatoﬁ%%r nétating a

mul ti pl exer 100 to ndelta yhiuey thevaddress input of tiRedelta megnorpwoupldd Withe 9, a
flow chpgt of a nmeth r i an.index is . shown. The nmet hod

begi ns ﬁ] step 900 b§9§ﬁ?ﬁé&ﬁ§®i§$€gﬁﬁh u ttPirg?ﬁlﬁegt}%Fn“\\glgérP&{rBPnﬁth?/al ue
havi ng an integer potwoqariflcating peiait irdiadt apdrti on. Then in step 902, the

met hod tests whether.the.integer, portion of the iterator value is equal to
zero. |f t ReMPHHRISE rha&ﬂaq‘i‘ %&dpﬂ’ﬁ@ gecend ipput and an putpgythe fist zer o,

the method proceeds irfput coupldetd eHathButiHE thédeMa Htn¥Gry2 itk 4d26nd
i nterpol ati on val ue are seit to 3II onels .
input of the adder coupled to receive the interpolation portion of the

20 two-part floating point index.

11.  The system of claim 2, wherein the blend value generation unit
further comprises:
a memory having a first address input, a second address input, a first data
25 output and a first data output for generating a base blend value and a
next entry value, the first address input coupled to the output of the
index creation unit to receive the index portion of the two-part
floating point index; -
a means for dynamically generating an increment factor, said generating
30 means having a first input, a second input, a third input and an
output, the first input of said generating means coupled to the first
data output of the memory, the second input of said generating means

coupled to the second data output of the memory, and the third input

-24 -
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because an out-of-range condition has been detected, and then the method

c
ends. I I r : - 16 - MO .
sy IR ST U5967 17408
On the other hanor, if the integer portion of the iterator value is not
equal to zero, - the nethod continues in step 906. In step 906, the
met hod tests wbowie®o t he sixteen nost significant bits BFTURW/17402
fractional portion are all zero. |If the sixteen nost significant bits

of the fractional porfisaid generating means conpleddolreceiye the internolatianspodipm 5
because anot her an Olbntf'tﬂé't‘ggﬁﬁt {i&l}g{%&g Hafexbgeq detected. In step 908,
e | nae val ue tf’l

t he net hod sets t e Interpolation value to all

zer O-S]L after bV\hiauhadder havingratfirsidinpntisa secohd impeteand 4n bhtpwdj shecfinst inputt
significant bits of the fractional rt are not all _zerq, Lh t hod
moves to step 910 ancF°HB{e§'ratr‘ﬁ the Birst datg shagayt of the gremigry, the sécpnd lPﬁ‘étg?éngnal
portion fsrom the npstiheadder & d b thd eutplaeof sl gefsmtihg meargnirid thent bi t
that is a one. Then in step, 912,. t he nethod fts tfie i ndex val ue equal

to the nunber of zer GtBRtek etﬁﬁ’éleF%BY‘Flbnﬂaﬁg ald®-gni fi cant one of the
fractional value as determned in step 910. Next in step 914, the

nmet hod determ nes the bit position of the first bit that is_equal to
Fnedand i s of thE.nosEhessygtam iof glaim 11, whereinisgid meaps forpdymamisallst ¢ he

eadi ng one). Then i.n 916, the nethod uses a fixed nunber 15 of bits
to the righ e%qrafiﬂg lB‘]ﬂ?'aggo?sition determned in step 914 as the

interpol®ti on  a subtehction it havingreefirst dnpst, a aaquinek imput and an outpu¥ fer

present invention al Sgoenie1r']a(iinugdae defta V& ugf) ef first %rtlx? rcgﬁ}')l@g t8 tR(le g@c%n\éa&alig
output of the memory, the second input coupled to the first data
output of the memory; and
a multiplier having a first input, a second input and an output, the first
15 input coupled to the output of the subtraction unit, the second input
of the adder coupled to receive the interpolation portion of the two-
part floating point index.

13.  The system of claim 2, wherein the blend value generation unit
20 further comprises:
a memory having a first address input, a second address input, a first data
output and a second data output for generating a base blend value and
a next entry value, the first address input coupled to the output of the
index creation unit to receive the index portion of the two-part
25 floating point index;
a multiplier having a first input, a second input, a third input, a first output
and a second output, for multiplying a first and second value by a
third value, the first input of the mmﬁpher coupled to the first data
output of the memory, the second input of the multiplier coupled to
30 the second data output of the memory, and the third input of the
memory coupled to receive the interpolation portion of the two-part
floating point index; and
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as detailed belowwith reference to the flowhart of Figure 10. The net hod
far Hmmmuﬂlm;ﬂlﬂ“mend val ue starts in step 1000 by receiving an i ndex
and an value. Then in step 1002, the nethod determ nes a
delta (8f vhlue ™ ° uSing the index. The method can determine the delta

val ue by usi %7?}37' ndex to access a table of vari Ou}%§?’ﬁ@ues'

Al ternatively, 9Perr] val ue can be determ ned usin , by

retrieving a firgst . cified b i ndex
and the retri eviazlga&e/ld%% g‘%(‘)’%‘g?/gifﬁgﬁ ?@Qtaas%g‘seégm n%ra?dsaﬁlegﬁl%ué’g&'ﬁf"?ﬁg‘ﬂ‘ﬁdex
25 increnented by oneupladdodbe dirstioitput ohthednliitipliencthelbetowd inputeofithe st

I d h d I h h ' ' 1004 b
Tl Liplying the SRR SR F tespDd SR BE SHABES 1000 by cho

[err] value to produce a base factor i ncrement. Then in step 1006, the
base val ue is determped using the index. This I's preferably done by
readi ng ®he basé%amemof@é@l}ﬁ' yhsrein fhememary 15 agdual poot Tandom i £ es

the entry ifebdiembm@fyup table. Finally, the base factor increnment is added
to the base value to produce the blend value in step 1008.
VWil e the present invention has been described with reference to certain

preferred emodigent fyelfgas sk 4] nkilin #d mbhdry'i§ S0VAHALDQ! Vvari ous

- 17 -
PCT/ US96/ 1 7dhéthoryraridfaddhaddress memdry apdaypaie of miditiplexarsconplet to/outpaits ofs

upon a”% the even address memory and odd address memory to form a cross-bar switch

capable of selectively connecting the output of the even address memory as the first
data output and the output of the odd address memory as the second data output,
or the output of the odd address memory as the first data output and the output of
the even address memory as the second data output.
15
16. A method for generating a blend value, the method comprising the
steps of:

receiving an index and an interpolation value;

determining a delta () value using the index;

20 multiplying the interpolation value by the & value to produce a base factor
increment;
determining a base value is determined using the index; and
adding the base factor increment is added to the base value to produce the
blend value.
25
17. A method for creating a two-part floating point index, the method
comprising the steps of:
receiving an iterator value having an integer portion and a fractional
portion;
30 determining a number of zeros in the fractional portion from the most
' significant bit to the next less significant bit that is equal one;
setting the index value equal to the number of zeros determined in the

fractional portion;

-26 -
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nodi fi cat |I ref erred enmbodi nents are provi ded for by the present
i nvention m’m’, II i["”ﬂ[i only by the follow ng_clains. WD
9716790 * : PCT/ US96/ 17402

Appendi x A sarrpl e fog table for haze is shown below. The z
val ues can be considered to be the distance in feet fromthe viewer.
The fog val uewoawesT oat i ng poi nt bl end factors in the PERYEI(IGHR] . the

next colum is the base value which is just the 5 floating p0| nt val ue
nul tiplied by 25¢eteﬂnmmn@wp¢mm®ﬁmmethqamlm on¢ and ipobthy most, we
woul d round the fract O%nﬁ%a g0 the nearest integer. Note that si nce
the index is 4.2 (exp mahtl ssa) that the distance fromthe viewer
doubl es every f ousingabfixedemimbersof Bitsughtvef the\bit pasition ap the intenpolationor
every power of 2, ich is what gives us the ability to represent very
thick fog as wel | as YHPR 10 haze. The final colum is the delta val ue
whi ch issgthe difference between the current base vaI ue and the next
base val ue as used in_the @;ﬁei; red d| ment ) }; t he present
invention. Altholfyh nbre m® %é‘-‘lé’t% ICPﬁ‘RFéFLEeﬂ\ S Ohreferabl y '
rounded to the ngaEite WHeR%E the integer portion or fractlonal portion ha& ﬁﬂcbdffiﬂi or
Base 15 | ndex D stgdnce(z) (Fog-va ?ues Val ue I ta i =0
z=1.0 0.00 range value; ang. 0 0.04 i=1 z=1.2
8' 20 0 Ocilag'inng the index Vi8¢ and the ‘Igterpolation vaiue f predetermitqgiJ 0

10 values if the integer portion or fractional portion have an out-of-

range value.

This Sheet Has Been Replaced

-27-




I =3 z=1.7 0. 00 0.1 0.01 20 i=4
z=2.0 0. 00 0.1 0.01 | =5 z=2.4
0.00 0.1 _ 0.02 | =6 z=2.8 0. 00
0.1 0. 02 | =7 z=3.4 0. 00 0.1
0.02 | =8 z=4.0 - 0. 00 .2 0.03 25
I =9 Z=%0%7116790 0. 00 0.2 0. ®GT/USI6/174020
z=5.7 0. 00 0.2 0. 04 i =11 z=6.7
0. 00 0.3 0.04 I =12 z=8.0 0. 00
0.3 0. 05 I =13 z=9.5 0. 00 0.4
0.06 30 =14 z=11.3 0.00 1/10 .5 0. 07
i =15 z=13.5 0. 00 0.5 0. 09 i =16
z=16.0 0. 00 0.6 0.10 I =17 z=19.0
0. 00 0.8 0.12
- 19 - WO 97/ 16790
PCT/ US96/ 17402 i =18 z=22.6 0. 00 0.9
0.15
PROCESSOR MEMORY
PROCESSOR / MEMORY BUS !
VO BUS
CONTROLLER
VO BUS
r13
GRAPHICS
MONITOR ENGINE VO DEVICE
1u



i =19 2=26.9 0. 00 1.1 0.17 i =20
2=32.0 0.01 1.3 0.21 =21 z=38.1
0.7T - 1.5 0.24 5 1=22 z2=45. 3 0.01
1.8 0.29 i =23 z=53.8 0.01 2.2
0.34 | =24 - z=64.0 0.01 2.6 0.41
i =25 z=%6.9ine0  0.01 3.1 0.48 PCT/USG17402
2z=90.5 0.01 3.6 0.58 10 =27 z=107.6
0.02 4.3 0.68 i =28 z=128.0 0.02
51 0.81 i =29 z=152.2 0. 02 6.1
0. 96 i =30 z=181.0 0.03 2/10 7.2 1.14
i =31 z=215. 3 0. 03 8.6 1.34 15 =32
2=256.0 0.04 10. 2 1.59 i =33 z=304. 4
0.05 12.0 1.88
) ) )
Image Data Image Data Image Data
(Color Pixe! Data) (Fog Color Data) (Depth Component)

16

/

Index Creation
Unit

18

Biend Value
Generation Unit

10

Y v v

Blending Unit

rd

| /20

Blended
Color Output

FIG. 2



i =34 2=362. 0 0. 06 14. 2 2.21 i =35
z=430.5 0. 07 16. 8 2 60 i =36 2=512_Q
0.08 19. 9 3.06 20 =37 2=608. 9 0. 09
23.5 3.59 i =38 z=724. 1 0.11 27.7
4.19 i =39 z=861. 1 0.13 - 32.6 4. 89
i =40 Z=WOMEF® 0. 15 38. 3 5. 68 PCT{US)6{17402
72=1217.7 0.18 44.8 6.56 25 =42 7=1448. 2
0.21 52. 4 7.55 i =43 7=1722.2 0. 24
61.0 8. 62 i =44 2=20483fq 0. 28 70. 8
9.78 i =45 7=2435. 5 0.32 81.8 10. 99
i =46 7=2896. 3 0. 37 94.0 12.22 30 =47
7=3444. 3 0. 42 107. 4 13. 4Nas i =48 7=4096. 0
0.48 1¢.21.9 14. 51 i =49 z=4871. 0 0. 54
137.3 15.Xq\~\
16 _ \ils 16
Bits 47-32 Bits 31-16 Bits 15-0 ) 22
|
16 e
16
24 26 *
/ J,ao
16-bit OR | |16-bit NOR Find First
One Encoder

714 Y J,za
Shift Left Register

LSS

Carry Two's 32
az ¥ Complement
Adder 12
4
I34

16-Bit Register

16
35

36
Clamp to f
OxFFFF

$16

Clamp to f
0x0000

}1 6

FIG. 3



I =50 z=5792.6 0. 60 153.3 16. 02

- 20 - WD 97/ 16790 o
PCTTUSO67 17402 =51 Z7=6888. 6 0. 66 169. 6 16. 24
i =52 7=8192.0 0.73 185. 5 15. 97 i =53
72=9742.0 0.79 200. 7 15. 16 i =54 7=11585. 2
0. 84 WQ 91116590 13.78 5 i=55 z=13777. 2 PCEIYS96/17402
226. 4 11. 92 i =56 7=16384. 0 0.93 236. 1
9.71 i =57 7=19484. 0 0. 95 243.5 7.36 i =58
7z=23170.5 0. 97 248. 6 5.13 i =59 7=27554. 5
0. 99 251. 8 3.23 10 i=6Q,, 7=32768. 0 0. 99
253. 6 1.81 i =61 2=38967 0 1. 00 254. 5
0. 88 i =62 7=46341. 0 1. 00 254. 9 0. 36 i =63
2=55109. 0 1. 00 255.0 142

4 12

Bits 15-12 (Exponent) | Bits 11-0 (Mantissa) | J40

1L4 \}2 \3 2

6 Unused
Y
index Interpolation
Value
FIG. 4A
16
6 10

Bits 15-10 (Exponent) Bits 9-0 (Mantissa) j 42

\\s 8 \2
Y
' : Unused
Index Interpolation
Value

FIG. 4B



WO 97/16790

PCT/US96/17402
5/10
18a
\ N
52 \8 i«s 54
¥ [
Index Interpolation Value )50
&
- J A
addr in .addr in \\8
Blend Factor Delta
Memory Memory
data out data out
8
60
\e v [
Multiplier
& 8

J g

H

w0

FIG.5



- 21 - 1
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the fog val ue based upon an exponential fog function, the method conpri sing
the steps of: receiving a first value representing an inverse of a
depth conponent of the pixel, said first value havi-ng a first portion and
a second portion; generating a floating point signal of said second
portion having the steps of: identifying a second val ue egual to

t he nunber of WBI9146390zer os preceding the first binary one iRCH{URYEAMNd
portion; repeatedly shifting a nost significant bit of said second
portion a first nunber of tinmes to generate a shifted value, said first
nunber of tines one greater than said second val ue; performng a
conpl enent operation on said shifted val’d¥0 to generate a conpl enent val ue;
concat enati ng said second value and a portion of said conplenent value to

generate said floating point signal; setting said floating point
signal to zero if all bits in said first portion are not equal to a third
val ue; and setting said flpoating point, signal equal to a val ue

conprised of all binary ones if a Nerst 8

i8¢ Index Interpolation Value :l 50

72
K addr 1 addr 2 80
Adder
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Memory (Dual Port) \\g

data 1 2

{8 ' 8
A

82 L ¢ v v 84
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8 8 8 8
unused unused

6
e
N
\ Adder /
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nunber of nost significant bits in said second portion are all equal to a
fourth val ue; and _
2 . determning the tog value using said floating point signal.

2. . The nethod of claim1,
generating an index val ue equal

further conprising the steps of:
to N nost significant bits of said floating

poi nt si gnal ; wWO97167%0 generating an interpol ati on val ue equdCTYUSIMATIE t
nost significant bits of the floating point signal.

18d
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3. The nethod of claim3, wherein said step of determ ning the fog val ue

I ncl udes the steps of: identifying a first table entry
cofrespondrng to sard 1ndex value, said table entry part of a table data
stored in the nenory; identifying a delta val ue representing the

difference between said first table entry and .a subsequent table entry;

mul ti pl yi ng swiobrdeisna val ue and said interpol ati on val ue t ®CTAS e a
fifth value; and adding said first table entry and said fifth
value to generate the fog value, said fog value representing an estinate
of the value of the exponential fog funq}&@n for said depth conponent.

4, The nmethod of claim3, further conﬁrlsing the step of:

bl endi ng a col or pi xel : ) 3. fog color data associated with a pixel in
a proportion based up e to generate a bl ended col or out put
for said pixel. 5. generating a fog value froma depth
conponent, said fog val ue regresenting

Retrieve W interator valug havingan |/~ 900
integer portion & a fractional portion

902

s the integer
portion equal to
2ero?

Set the index and interpolation u" 904
value to FFFF hex

v
e ( = )

808
yes
Set the index and interpolation f _

value to 0000 hex

of fractional portion all

810

\

Determine the number of zeros in the
fractional portion from the MSB bit to
next least significant bit that is a one

y

Set the index equal to a binary f 912
repreresentation of the number of zeros
determined in step 810

3

914
Determine a bit position of the first bit in f
the fractional portion equal to one and
with the most significance

v St
Use the bits to the right of the )

determined bit position as the END
interpolation value

FIG. 9



an estimate of an exponenti al

fog function,

3 an floating point generation unit having:

t he system conpri si ng:

a first

regrster for storing an I nverse of said depth conponent having a first,

secend, and third portion;

a first one encoder,

receive signals representing the second portion of said
determ ne an wodemae®™hat is equal number of bits having a vaP&ESP 4B nary
zero preceding the first bit having a value of binary one;
shift register, disposed to receive signals representing the second and

third portion of

10/10

()
!

first

Retrieve an index & Interpolation value

s

Determine a delta value using the index

v

Multiply the delta value by the
interpolation value for a base factor
increment

v

Determine a base value using the index

1006
f

v

Add the base vaiue 1o the base factor
increment to produce the blend vaiue

J1 008

:
C END )

FIG. 10
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regi ster,
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to



sai d-f.i kSt T egistery=t-0 -pertorym a shift operation on the bits in t h&%8coid
and third pot#fontiofisaid; ¥edi ster until said first bit having a val ue of
bi nary one i TTTed out—of} the register, to generate a shifted val ue;

a conpl enent { upi 'm-p@g d receive signals fromsaid shift register,

for perform hg ato%i@nary go ment operation on a portion of bits in said
shifted val ug npl ement  val ue; a concat enation

or

14

register forjconcatenating saifd i ndex and sai d ¢OnPREPEACEMBNTESHIOETS  SG

“generate a floarrmgpormt—sigral ; @ fish Diampiodi sResed hoaaed ..
receive signals fromsaid first register, to sel @are:tdpatinGeDOknh n: ood
signal equal to all binary ones if all of the bitg i3 : T8

L ge
%230, SaGoRdpori o

have a first val ue; a second clanp, di ;pggsj@uarzgﬁ‘r‘e. ¥§ sEg _"‘1g§§ """
SN R

fromsaid first register, to set said point sighal edua t

zeros if all of the bits in said first portion o ave_a first ue;
oA O3 ReRelit D ot

a fog generation unit, disposed to receive said t-giiahe:---f-0r

generating a fog value based upon said floating point signal.

CLAIMS

1. A method for determining a fog value for a pixel in a computer system having a memory,
the fog value based upon an exponential fog function, the method comprising the steps of:
| feceiving a first value rel')resenting .an inverselc.)f a deptﬁ component of the pixel, said first

value having a first portion and a second portion;

generating a floating point sigﬁal of said second portion ﬁaving the steps of: |

identifying a second value equal to the number of binary zeros preceding the first binary
one in the secbnd .po.rtiori; | | |

repeatedly shifting a most significant bit of said second portion a first number of times to
éenerate a shiﬁéd vélue, said first nﬁﬁber of times one greater than said second value;

performing a comﬁllefnént operaﬁon on said shifted vélue to generate a complement
value; |

concatenating said second value and a portion of said complement value to generate said
floating point signal;

setting said floating point signal to zero if all bits in said first portion are not equal to a
third value; and

set.;ing said floating point signal equal to a value comprised of all binary ones if a first

¥ B

number of most significant bits in said second portion are all equal to a fourth value; and

I ——————
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further conprising:

;ation unit, disposed to receive signals

g fion unit, for generating an index val ue
bifsiof said floating point signal;

, sefl fo receive signals fromsaid floating point

, Wb generatijg] an i nterpol ati on val ue equal to M next

h£¥bits of the gating point signal.

2

equal to N nos
an interpolati
generation uni
nost signific

determining the fog value using said floating point signal.

2. The method of claim 1, further comprising the steps of:
generating an index value equal to N most significant bits of said floating point signal;

generating an interpolation value equal to M next most significant bits of the floating

point signal.
3. The method of claim 3, wherein said step of determining the fog value includes the steps
of:

.identifying a first table entry coﬁesponding to said index value, said table entry part of a
table data stored in the memory;

identifying a delta value representing the difference between said first table entry and a
subsequent table entry;

multiplying said delta value and said interpolation value to determine a fifth value; and

adding said first table entry and said fifth value to generate the fog value, said fog value

representing an estimate of the value of the exponential fog function for said depth component.

4. The method of claim 3, further comprising the step of:
blending a color pixel data and a fog color data associated with a pixel in a proportion

based upon the fog value to generate a blended color output for said pixel.

5. A system for generating a fog value from a dépth component, said fog value representing

an estimate of an exponential fog function, the system comprising:
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7.

('] :qﬁgﬂein said fog generation unit includes:

¢d to receive said floating point signal
to identify a f]i rSt02t¢§tﬂ9 ntjyjcorresponding to said index value, said
tabl e entry parnt fof a dajajstored in the nmenory; and an
I nt erpol ati on gni recei ve said floating point signal, for
I dentifying a elta val ue repibrenting the difference between said first
table entry and a supsequent—tabl e entry, for multiplying said delta val ue
and said interpolation value to determne & fifth value, and for adding
said first table entry and said fifth value to generate the fog val ue, said
fog value representing an estimate of the value of the exponential fog
function for said depth conponent. 8. The system of claim 7, further

i ncl udi ng: an floafind gt BbRAioRGnid Riding: di Sposed to receive said fog
val ue, for blending a col or pixel data and a fog color data associ ated

with a pixel in AfRf@ QEFfbpﬁoﬂﬂﬁsﬁqnW&rbf 018 adpPcotitotént hevifE B fifRisBcdhd, and

bl ended col or output Tor said pixel
third portion;

a first one encoder, disposed to receive signals representing the second portion of said
first register, to determine an index that is equal number of bits having a value of a binary zero
preceding the first bit having a value of binary one;

a shift register, disposed to receive signals representing the second and third portion of
said first register, to perform a shift operation on the bits in the second and third portion of said

~ register until said first bit having a value of binary one is shifted out of the register, to generate a
- shifted value;

a complement unit, disposed to receive signals from said shift register, for performing a

binary complement operation on a portion of bits in said shifted value to generate a complement
-value;

a concatenation register for concatenating said index and said complement value to
generate a floating point signal;

a first clamp, disposed to receive signals from said first register, to set said floating point
signal equal to all binary ones if all of the bits in said second portion have a first value;

a second clamp, disposed to receive signals from said first register, to set said point signal
equal to all binary zeros if all of the bits in said first poﬁion do not have a first value;

a fog generation unit, disposed to receive said floating point signal, for generating a fog

value based upon said floating point signal.

6. The system of claim 5, further comprising:
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5 9.» A cloRgiy "“;, Hygtlem for determining a fog value for a pixel
having a menorjy,] the " ' fin based upon an exponential fog function, the
system conpri gi receiving nmeans for receiving a first
signal havingfa flrst pfesenting an inverse of a depth conponent

of the pixel, , aving a first portion and a second
portion; first generatlon nmeans, disposed to receive said first
signal, for generatfnga—eatiing point signal of said second portion,
said first generation means including: 4 i dentifying neans, disposed
to receive said first signal, for identifying a second value equal to the
nunber of binary zeros preceding the first binary one in the second
portion;

an table index generation unit, disposed to receive signals from said floating point
generation unit, for generating an index value equal to N most significant bits of said floating
point signal;

an interpolation unit, disposed to receive signals from said floating point generation unit,

for generating an interpolation value equal to M next most significant bits of the floating point

signal.

7. - The system of claim 6, wherein said fog generation unit includes:
an index generation unit, disposed to.receive said floating point signal, to identify a first
table entry 'corresponding to said index value, said table entry part of a table data stored in the
memory; and
an interpolation unit, disposed to receive said floating point signal, for identifying a delta
. value representing the difference between said first table entry and a subsequent table entry, for
. multiplying said delta value and said interpolation value to determine a fifth value, and for
adding said first table entry and said fifth value to generate the fog value, said fog value

representing an estimate of the value of the exponential fog function for said depth component.

8. The system of claim 7, further including:
a fog blending unit, disposed to receive said fog' value, for blending a color pixel data and

a fog color data associated with a pixel in a proportion based upon the fog value to generate a

blended color output for said pixel.
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i djdentifying neans, for repeatedly shifting

shifting wméi*""

a nost si e idd d second portion a first nunber of tinmes to
generate affs |d first nunber of times one greater than said
second val rent means, di sposed to receive said shifted

val ue, for|f iement operation on said shifted value to
gener ate alf | concat enati ng nmeans, disposed to
recei ve saild-.conp] 2 ¢, for concatenating said second value and a
portion of said conplenment value to generage said floating point signal;
first clanp neans, coupled to said first signal, for setting said floating
point signal to zero if all bits in said first portion are not equal to a
third val ue; and second cl ai m neans, coupled to said first signal
for setting saif cbmpatd BiSedd ki 6} AMniniSO g vaRieForvaAikk, HaOMB ainse@itbrpfhel |
binary ones if a first nunber of nost significant bits in sard second
portion ar gelalue®dstdlupbiParfexpBikntit M8 FlRIoR M system compridifg val ue generation
means, di sposed to receive said floating p0|n¥ S|gnaF, for determ ning the

fog val ue usi nggsaeteifih® AlehiGoPREdNing h GRRkignal having a first value representing an

inverse bf a depth component of the pixel, said first value having a first portion and a second
portion;

first generation means, disposed to receive said first signal, for generating a floating poinf
signal of said second portion, said first generation means including:

identifying means, disposed to receive said first signal, for identifying a second value
equal to the number of binary zeros preceding the first binary one in the second portion;

shifting means, coupled to said identifying means, for repeatedly shifting a most
significant bit of said second portion a first number of times to generate a shifted value, said first
number of times one greater than said second value;

complement means, disposed to receive said shifted value, for performing a complement
operation on said shifted value to generate a complement value;

concatenating means, disposed to receive said complement value, for concatenating said
second value and a portion of said complement value to generate said floating point sighal;

first clamp means, coupled to said first signal, for setting said floating point signal to zero
if all bits in said first portion are not equal to a third value; and

second claim means, coupled to said first signaL for setting said floating point signal
equal to a value comprised of all binary ones if a first number of most significant bits in said
second portion are all equal to a fourth value; and

fog value generation means, disposed to receive said floating point signal, for

determining the fog value using said floating point signal.
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gener ati or
generati ng
floating g

sai d fl oatfi

M next nDS

oo i bt el Ui ="~ e
EEMENTSHBETS$! ai m 9, further conprising: - index
~drsposeqy {0 receive said floating point signal, for
pqual to N nost significant bits of said
i nt erpol ati on neans, di sposed to receive
i j,|for generating an interpolation value equal to
t significant bity of the floating point signal. 11. The

system of '

- said fog val ue generation nmeans incl udes:

first identification neans, disposed to redeive said index value, for
identifying a first table

10.  The system of claim 9, further comprising:

index generation means, disposed to receive said floating point signal, for generating an
index value equal to N most significant bits of said floating point signal;.

interpolation means, disposed to receive said floating point signal, for generating an

interpolation value equal to M next most significant bits of the floating point signal.

11.  The system of claim 10, wherein said fog value generation means includes:
first identification means, disposed to receive said index value, for identifying a first table
entry corresponding to said index value, said table entry part of a table data stored in the
memory;
second identification means for identifying a delta value representing the difference
“between said first table entry and a subsequent table entry;
multiplication means, coupled to said second identification means, for multiplying said
de!ta value and said interpolation value to determine a fifth value; and
adding means, coupled to said multiplication means, for adding said first table entry and
said fifth value to generate the fog value, said fog value representing an estimate of the value of

the exponential fog function for said depth component.

12. The system of claim 11, further comprising:
fog blending means, disposed to receive a signal representing said fog value, for blending
a color pixel data and a fog color data associated with a pixel in a proportion based upon the fog

value to genéfate a blended color output for said pixel.
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