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METHODS AND APPARATUSES FOR 
CONTROLLING TRANSFORMATION OF TWO 

AND THREE-DIMENSIONAL IMAGES 

FIELD OF THE INVENTION 

[0001] The present invention pertains to automated meth 
ods and apparatuses for the controlling and transforming of 
tWo and three-dimensional images. More particularly, the 
present invention relates to methods and apparatuses for 
changing the elements of image through the use of one or 
more sets of modi?cation data in real time. 

COPYRIGHT NOTICE 

[0002] Aportion of the disclosure of this patent document 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or patent 
disclosure as it appears in the Patent and Trademark Of?ce 
patent ?le or records, but otherWise reserves all copyright 
rights Whatsoever. 

BACKGROUND OF THE INVENTION 

[0003] Referring to FIG. 8, a computer system that is 
knoWn in the art is shoWn. The computer system 810 
includes a system unit having a processor 811, such as a 
Pentium® D processor manufactured by Intel Corporation, 
Santa Clara, Calif. The processor is coupled to system 
memory 812 (e.g., Random Access Memory via a 
bridge circuit 813. The bridge circuit 813 couples the 
processor 811 and system memory 812 to a bus 814, such as 
one operated according to the Peripheral Component Inter 
connect standard (Version 2.1, 1995, PCI Special Interest 
Group, Portland, Oreg.). The system unit 810 also includes 
a graphics adapter 815 coupled to the bus 814 Which 
converts data signals from the bus into information for 
output at a display 820, such as a cathode ray tube (CRT) 
display, active matrix display, etc. Using the computer 
system of FIG. 1, a graphical image can be displayed at 
display 820. The graphical image can be created internally 
to the computer system 810 or can be input via an input 
device 830 (such as a scanner, video camera, digital camera, 
etc.). As is knoWn in the art, a graphical image is stored as 
a number of tWo-dimensional picture elements or “pixels,” 
each of Which can be displayed. 

[0004] In the current art, graphical images (e.g., of a 
person’s face) can be changed by alloWing the user to 
modify a graphical image by “moving” (e.g., With a cursor 
movement device such as a mouse) the tWo-dimensional 
location of one or more pixels ( For example: Adobe 
Photoshop Version 3.0.5 (Adobe Systems, Inc., San Jose, 
Calif.)). In doing so, the other pixels around the one that is 
being moved are ?lled in With neW data or other pixel data 
from the graphical image. For example, the graphical image 
of the person’s face can be modi?ed using this product by 
making the person’s nose larger or smaller. This tWo 
dimensional phenomenon is analogous to stretching and 
Warping a photograph printed on a “rubber sheet.” In the 
Kai’s PoWer Goo product by MetaTools, Inc (Carpinteria, 
Calif.), photographic distortions can be performed in “real 
time” by the operator’s “clicking and dragging” With a 
mouse across the surface of a photo displayed on the 
computer screen. The operator can see the photograph 
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stretch as the mouse is moved. This procedure covers only 
tWo dimensional art and does not permit any sophisticated 
character animation such as speech or emotion. 

[0005] In the current art, the gradual change of the shape 
of one image into that of another as seen in ?lm and video 
is called a “morph”. Current morphs are created by an 
operator Who instructs a computer to distort the shape of a 
speci?c starting image into the shape of a speci?c target 
image. Morphing programs typically Work by alloWing the 
operator to select points on the outline of the speci?c starting 
image and then to reassign each of these points to a neW 
location, thereby de?ning the neW outline of the desired 
target image. The computer then performs the morph by: (1) 
smoothly moving each of these points along a path from start 
to ?nish and (2) interpolating the movement of all the other 
points Within the image as the morph takes place. 

[0006] There are tWo distinct disadvantages to this method 
described above. First, it requires that a custom morph be 
created for each desired transformation. Second, because 
this method requires the selection of a single image or frame 
upon Which the morph is performed, the frame-by-frame 
progression of character action must stop during the period 
in Which the morph is performed. This is Why in current 
?lms, characters do not speak or move during the morph 
procedure. The reason morphs are currently performed rela 
tively quickly (i.e., Within a feW seconds) is so that this 
freeZing of action is not fully noticed by the audience. 

[0007] In recent ?lms, Whenever a character morphs (eg 
when the villain robot in James Cameron’s “Terminator 2” 
changes to its liquid metal form), the character ceases 
moving While the morph takes place. In the “Fifth Element” 
released in May of 1997, characters are seen changing from 
alien to human form While they shake their heads back and 
forth. Although this gives the character the appearance of 
moving While the morph is taking place, the underlying 3D 
image of a character’s head is actually froZen While it 
shakes. This method is merely the 3D equivalent of a “freeZe 
frame.” This method cannot enable a morphing character to 
speak, move or emote While a morph is taking place. The 
static morphing methods used in today’s ?lms are sloW and 
considerably expensive. 

SUMMARY OF THE INVENTION 

[0008] According to an embodiment of the present inven 
tion a ?rst region of a ?rst graphical image is identi?ed and 
then it is modi?ed based on a ?rst set of predetermined 
modi?cation data. Using this method to morph a graphical 
image, a variety of applications can be performed according 
to further embodiments of the present invention. 

[0009] First, the morph (e.g., the application of modi?ca 
tion data) for a ?rst starting image can be readily applied to 
other starting images. In other Words, the morphs automati 
cally impart desired characteristics in a custom manner to a 
multiplicity of starting images. This an improvement over 
the prior art Which requires a customiZed selection and 
reassignment of points on a speci?c starting image to create 
a morph. A method of the present invention described herein 
automates this process. Rather than requiring an artist or 
technician to custom create a morph of a speci?c image, for 
example, an adult into that of a child, the morphs of the 
present invention enable a Wide variety of human, animal, or 
other characters to be rendered chimplike using a single 
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“chimp” morph. An example of this is shown in FIG. 1, 
Where a single morph relating to “chimpi?cation” is applied 
to three different starting images. In each case, the resulting 
image maintains recognizable features of the starting image 
While uniquely embodying the desired characteristics of the 
“chimp” morph. The morph has been described thus far as 
modi?cation data. Examples of modi?cation data includes 
deltasets and deltaZones described in more detail beloW. 
Brie?y, deltasets or Zones categorically identify regions, 
feature by feature Within differing starting images so that 
these images are uniquely altered to preserve the automated 
morph’s desired effect. Because a single morph can be 
applied to a number of different starting images, the morph 
exists as a qualitative entity independently from the images 
it acts upon. This independence creates an entirely neW tool, 
a morph library, a collection of desired alterations or 
enhancements Which can be generically used on any starting 
image to create speci?c desired effects as illustrated in the 
above “chimpi?cation” example. 
[0010] Second, once an image has been morphed to add a 
particular characteristic or quality, the resulting image can 
be subjected to a different morph to add a second charac 
teristic or quality. FIG. 2 illustrates a simple example of this 
additive property Wherein a “chimp” morph is added to a 
“child” morph to create a childlike chimp (other examples 
Will be described in further detail beloW). The additive 
property of the automated, additive morphing system can be 
used in a number of Ways to bring neW functionality and 
scope to the morphing process. Five distinct additive prop 
erties of automated, additive morphs Will be described 
beloW along With their practical application. 
[0011] Third, morphs can be provided that alloW a graphi 
cal image character to speak, move, emote, etc. According to 
an embodiment of the invention, a moving morph can be 
created during Which a character can continue speaking, 
moving, and emoting by cross applying an automated addi 
tive morph to a (“morph sequence”). The morph sequence 
that is knoWn in the art (such as What is shoWn in programs 
by Dr. Michael Cohen at the University of California at 
Santa CruZ and products of ProtoZoa Inc. (San Francisco, 
Calif.) alloWs for computer-generated characters to move 
their mouths in a manner Which approximates speech by 
running their characters through a sequence of “Viseme” 
morphs. (A Viseme is the visual equivalent of a phoneme, 
ie the face one makes When making a phonetic sound.) 
Such programs use a speci?c initial image of a character at 
rest, and a collection of target images. Each target image 
corresponds to a particular facial position or “Viseme” used 
in common speech. FIG. 3 shoWs hoW these target images 
can be strung together in a morph sequence to make an 
animated character approximate the lip movements of 
speech. This ?gure shoWs the sequence of Viseme endpoints 
Which enable the character to mouth the Word “pony”. It is 
important to note that the creation and performance of this 
sequence does not require the special properties of the 
morphing system presented herein. The morphs Within this 
sequence in the prior art are not generaliZed (all are distor 
tions of one speci?c starting image), and they are not 
additive. Visemes used in the prior art folloW one after the 
other and are not added to one another. According to an 
embodiment of the present invention, the use of morph 
sequences is extended to generate not only speech, but also 
emotive How and the physical components of emotional 
reactions. 
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[0012] For example, FIG. 4 shoWs the cross-addition of an 
automated, additive morph to the “pony” morph sequence 
described above in FIG. 3. In that ?gure, the four vertical 
columns of character pictures represent the progressive 
application of the “chimp” morph described earlier (from 
left to right multiplying the modi?cation data by multipli 
cation values of 0%, 33%, 66%, 100% prior to application 
to the starting image). Because the “chimp” morph is 
non-speci?c as to its starting point (as are all automated 
additive morphs according to the present invention) it is 
possible to increasingly apply the “chimp” morph While 
changing the starting point Within the morph Sequence, 
producing the progression shoWn in the darkened diagonal 
of squares. This diagonal progression, shoWn in horiZontal 
fashion at the bottom of FIG. 4 yields a character Which can 
speak While this character is morphing. This is the under 
lying structure of the moving morph. Traditional morphs, 
(being speci?c rather than generic) cannot be cross-applied 
in this manner. Characters created using the methods of the 
present invention can be made to not only speak, but also 
emote, and react from morph sequences. Thus, characters 
can remain fully functional during an automated, additive 
morph rather than being required to “freeZe frame” until the 
morph has been completed as do the morphs of the prior art. 
An additional bene?t of this cross-additive procedure is that 
morphs can be stopped at any point to yield a fully func 
tional, consistent neW character Which is a hybrid of the 
starting and ?nal characters. 

[0013] Fourth, the methods of the present invention pro 
vide for parametric character creation in Which neWly cre 
ated characters automatically speak, move, and emote using 
modi?cation data stored in a database or library. In the 
automated, additive morphing system, (1) morphs can exist 
as qualitative attributes independent of any particular start 
ing image, and (2) morphs can be applied, one after the 
other, to produce a cumulative effect. When qualitative 
attributes are de?ned as appearance parameters (length or 
Width of nose, prominence of jaW parameters, roundness of 
face, etc.) these attributes can be selectively applied in such 
a Way as to create any desired face from one single starting 
image. As an example, a multi-racial starting character is 
de?ned and a morph library of appearance parameters is 
created Which can be used to adjust the characters features 
so as to create any desired character. FIG. 5 shoWs an 
example of this process. The parameter adjustments in this 
?gure are coarse and cartoon-like so as to yield clearly 
visible variations. In realistic character generation, a much 
larger number of parameters can be more gradually applied. 
The ?rst three morphs shoWn in this illustration are “shape 
morphs.” In the ?nal step of FIG. 5, the coloration or “skin” 
Which is laid over the facial shape is changed rather than the 
shape itself. This step can be used to create the desired hair 
color, eye color, skin tone, facial hair, etc. in the resultant 
character. 

[0014] Fifth, the parametric character creation described 
above can be combined With the moving morph, also 
described above, to create characters Which automatically 
speak, emote and move. This dual application is illustrated 
in FIG. 6, Wherein not only the underlying structure, but 
also the full speaking and emoting functionality of the 
original character are automatically transferred to the neW 
character. The character shoWn in FIG. 6 not only contains 
a mutable physical appearance, but also a full set of 
Visemes, emotions, and computer triggered autonomous and 
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reactive behavior. All of these functions can be automati 
cally transferred to a vast range of characters Which can be 
created using parametric character creation. This represents 
an exponential savings in animation time and cost over 
existing procedures Which require custom creation of not 
only the character itself, but every emotion, Viseme, blink, 
etc. that the neW character makes. 

[0015] Sixth, morph sequences can be used simulta 
neously to combine different behavioral sequences. FIG. 7 
illustrates the simultaneous utiliZation of an emoting 
sequence and a speaking sequence. In this ?gure, the Viseme 
sequence required to make the character say “pony” (left 
column of pictures) has been added to an emotive morph 
sequence (center column) in such a manner that the timing 
of each sequence is preserved. The resultant sequence (right 
column) creates a character Which can simultaneously speak 
and react With emotions. This procedure can also be used to 
combine autonomous emotive factors (a computer-gener 
ated cycling of deltas representing different emotions or 
“moods”) With reactive factors (emotional deltas triggered 
by the proximity of elements Within the character’s envi 
ronment Which have assigned emotive in?uences on the 
character). Such procedures can be used to visualiZe the 
interplay betWeen conscious and subconscious emotions. 

[0016] The foregoing examples and other examples of the 
present invention Will be described in further detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 shoWs an example of an automated morph 
according to an embodiment of the present invention. 

[0018] FIG. 2 shoWs an example of an automated, addi 
tive morph according to an embodiment of the present 
invention. 

[0019] FIG. 3 shoWs an example of a morph sequence that 
can be performed according to an embodiment of the present 
invention. 

[0020] FIG. 4 shoWs an example of a moving morph 
according to an embodiment of the present invention. 

[0021] FIG. 5 shoWs an example of parametric character 
creation according to an embodiment of the present inven 
tion. 

[0022] FIG. 6 shoWs an example of automatic behavioral 
transference according to an embodiment of the present 
invention. 

[0023] FIG. 7 shoWs an example of behavioral layering 
according to an embodiment of the present invention. 

[0024] 
art. 

FIG. 8 is a computer system that is knoWn in the 

[0025] FIG. 9 is a general block diagram of an image 
transformation system of the present invention. 

[0026] FIGS. 10a-a' are polygonal models used for the 
presentation of a graphical image of a human head or the 
like. 

[0027] FIGS. 11a-f are polygonal images shoWing the 
application of deltaset in accordance With an embodiment of 
the present invention. 
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[0028] FIGS. 12a-g are graphical images of a person’s 
head that are generated in accordance With an embodiment 
of the present invention. 

[0029] FIG. 13 shoWs an input device for controlling the 
amount of transformation occurs When applying a deltaset to 
an image. 

[0030] FIGS. 14a-d are graphical images of a person’s 
head that are generated in accordance With an embodiment 
of the present invention. 

[0031] FIG. 15 shoWs a communication system environ 
ment for an exemplary method of the present invention. 

DETAILED DESCRIPTION 

[0032] According to an embodiment of the present inven 
tion modi?cation data is generated that can be applied to a 
starting image so as to form a destination image. For 
example, the modi?cation data can be difference values that 
are generated by determining the differences betWeen ?rst 
and second images. Once these differences are determined 
they can be stored and later applied to any starting image to 
create a neW destination image Without the extensive frame 
by-frame steps described above With respect to morphing 
performed in the motion picture industry. These difference 
values can be created on a vertex-by- vertex basis to 
facilitate the morphing betWeen shapes that have an identical 
number of vertices. Alternatively, difference values can be 
assigned spatially, so that the location of points Within the 
starting image determines the motion Within the automated 
morph. This eliminates the need for explicit identi?cation of 
vertices and alloWs these methods and apparatuses to Work 
regardless of a given image’s polygonal structure. For 
simplicity sake We describe an example vertex-based auto 
mated additive morphing system beloW Which uses deltasets 
as the modi?cation data. Aposition or spatially-based mor 
phing system Which can morph images regardless of polygo 
nal structure, such as deltaZones (another example of modi 
?cation data), is created by interpolating the motion betWeen 
vertices. 

[0033] An example of the vertices-based embodiment of 
the present invention includes the generation of a ?rst image 
(e.g., a neutral or starting image) comprising a ?rst number 
of vertices, each vertex having a spatial location (e.g., in tWo 
or three dimensional space) and a second image is generated 
(eg a target or destination image) having an equal number 
of vertices. A difference betWeen a ?rst one of the vertices 
of the ?rst image and a corresponding vertex of the second 
image is determined representing the difference in location 
betWeen the tWo vertices. The difference is then stored in a 
memory device (e.g., RAM, hard-disc drive, etc.). Differ 
ence values for all corresponding vertices of the ?rst and 
second images can be created using these steps and stored as 
a variable array (referred to herein as a deltaset). The deltaset 
can then be applied to the ?rst image to create the second 
image by moving the vertices in the ?rst image to their 
corresponding locations in the second image. Alternatively, 
a multiplication or ratio value can be multiplied by the 
entries in the deltaset and applied to the ?rst image so that 
an intermediate graphical image is created. According to a 
feature of the present invention, the deltaset can be applied 
to any starting image having an equal number of vertices. 
This alloWs the user to create neW destination images 
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Without performing, again, the mathematical calculations 
used to create the original deltaset. 

[0034] Referring to FIG. 9, a general block diagram of an 
image transformation system 900 of the present invention is 
shoWn. According to an embodiment of the present inven 
tion, the system 900 includes a library or database of 
deltasets 931. The library of deltasets 931 can be stored in 
the system memory 912 or any other memory device, such 
as a hard disc drive 917 coupled to bus 914 via a Small 
Computer Standard Interface (SCSI) host bus adapter 918 
(see FIG. 8). As described in further detail beloW, deltasets 
are variable arrays of position change values that can be 
applied to the vertices of a starting image. Referring to FIG. 
9, the deltaset information is composed and cached in device 
932 (e.g., processor 811 and system memory 812 of FIG. 8) 
Where it then can be used to transform a ?rst or starting 
image having a neutral geometry 933 into a target image 
having a ?nal geometry 935. Additional geometry manipu 
lation can be performed such as the addition of features (e.g., 
hair) or actions (e.g., looking around) by device 934. Both 
the starting and second images can then be displayed at 
display 920, or any other output device (memory) or sent to 
?le eXport (e.g., the Internet system). 

[0035] Inputs to the system 900 of FIG. 9 include a variety 
of user controls 937; autonomous behavior control 938; and 
face tracker data input 939 Which Will be further described 
beloW. Other inputs can come from other systems such as the 
so-called World-Wide Web Also audio data can be 
supplied by audio data input device 940 Which can be 
supplied to deltaset caching and composing device 932. 

[0036] In this embodiment, the neutral geometry 933 is 
based on the image of a person’s head that has been captured 
using any of a variety of knoWn methods (e.g., video, 
scanner, etc.). Referring to FIG. 10, the image data of the 
person’s head is placed onto a polygonal model 1051. The 
polygonal model comprises a plurality of vertices 1052 and 
connections 1053 that eXtend betWeen the vertices. Each 
polygon 1054 of the polygonal model is de?ned by three or 
more vertices 1052. To shoW the generation and application 
of deltasets to the polygonal model of FIG. 10a, an eXample 
is discussed beloW using simple polygons (e.g., a square, a 
triangle, a rectangle, and a circle). 

[0037] Each polygon has an identi?able shape. For 
eXample, looking at FIG. 11a, a square polygon is shoWn 
having 8 vertices (points 1100 to 1107) in tWo-dimensional 
space. By moving individual vertices, the square polygon 
can be converted into a number of other polygon shapes such 
as a rectangle (FIG. 11b), a circle (FIG. 11c) and a triangle 
(FIG. 11d; Where vertices 1100, 1101, and 1107 all occupy 
the same point in tWo-dimensional space). Adeltaset is a set 
of steps that are taken to move each verteX (1100 to 1107) 
from a starting polygon to a target or destination polygon. 
For eXample, the steps that are taken from the square 
polygon of FIG. 11a to the rectangular polygon of FIG. 11b 
include vertices 1105, 1106, and 1107 moving to the left a 
certain distance “X”; points 1101, 1102, and 1103 moving to 
the right the same distance “X”; and vertices 1100 and 1104 
staying in the same location. Thus, the deltaset de?nes the 
path taken by each vertex in transforming the starting 
polygon to the destination polygon. In other Words, the 
deltaset de?nes the difference in position of corresponding 
vertices in the starting and target polygons. Similarly, del 

Jan. 2, 2003 

tasets can be created for the transformation of the square 
polygon of FIG. 11a to the circle polygon of FIG. 11c and 
of the square polygon of FIG. 11a to the triangle polygon of 
FIG. 11d. 

[0038] In this embodiment, the deltaset is created by 
transforming a starting polygon shape into another, hoWever, 
one skilled in the art Will appreciate that a deltaset can be 
created that are not based on speci?c starting and target 
shapes, but created in the abstract. Moreover, once a deltaset 
is created, it can be used on any starting shape to create a 
neW shape. For eXample, the deltaset used to transform the 
square polygon of FIG. 11a to the rectangle polygon of FIG. 
11b (for convenience, referred to as Deltaset1) can be used 
on the circle polygon of FIG. 11c. Thus, the circle polygon 
of FIG. 11c becomes the starting shape and after applying 
Deltaset1, Would become the ellipse polygon of FIG. 11e 
(i.e., the target shape). 

[0039] Deltasets can also be combined (e.g., added 
together) to create neW deltasets. Thus, Deltaset1, Deltaset2 
(i.e., transform from the square of FIG. 11a to the circle of 
FIG. 11c), and Deltaset3 (i.e., transform from the square of 
FIG. 11a to the triangle of FIG. 11c) can be combined to 
form a neW deltaset (Deltaset4). Applying Deltaset4 to the 
starting square polygon of FIG. 11a, the target shape of 
FIG. 11f is achieved. In its simplest form, the starting 
polygon, destination polygon, and deltaset must have the 
same number of vertices. Additional algorithms Would be 
necessary to transform betWeen shapes or objects having a 
differing number of vertices. 

[0040] An additional method for moving vertices can be 
derived from the deltaset method Wherein the motion to the 
points of a deltaset are interpolated such that a continuous 
?eld of motion is created. These ?elds Which We refer to as 
deltaZones can be used to morph images irrespective of their 
particular triangle strip set because a one to one correspon 
dence betWeen movements and vertices upon Which the 
deltasets rely are replaced by a dynamical system of motion 
Which operates on any number of vertices by moving them 
in accordance With their original location. 

[0041] Herein, an eXample of the implementation of del 
tasets and their operation on graphical images Will be 
described With reference to pseudocode based on “C” and 
“C++” programming that is knoWn in the art. The datatype 
structure for a deltaset (Deltaset_Type) is similar to that for 
a basic shape object, and the pseudocode is shoWn in Table 
I. 

TABLE I 

//////////////////////////////////////////////////////// 
// Basic datatype structure of a deltaset. 
typedef struct { 

dataPointiType *dataPoints; // Array of delta values 
int numPointS; // Number of points in above 
} deltaSetiType, shapeiType; 

// end of datatype structure 
//////////////////////////////////////////////////////// 

[0042] As seen from the above, the Deltaset_Type and 
shape_type variables each include an array of [numpoints] 
values. Each value is a position of a vertex for the shape_ 
type variable and delta value for the Deltaset_Type variable. 


















