Method for Automatically Producing Video Cartoon with Superimposed Faces from Cartoon Template
FIELD OF THE INVENTION The invention relates to automatic video production. In particular, the
invention is a method for automatically producing video cartoon with user-provided faces
superimposed ona distributable V|deo sequence of cartoon characters. BACKGROUND OF THE

INVENTION A ﬂ‘ter another. A
vv‘| U
D % HED) HHRALE animal may be

cartoon chara within an
image frame of the vide2th o 1y
superlmposed on each cartoon character Eachi |mage frame with superlmposed faces within a video
cartoon ISl:‘ | nrt,v aﬁdmm&jﬁ : 1. The cartoon characters for the image frame have
to be availabréfl rehand by any other methods. 2. Each face to be
superimpgged RayadR ReRRIRF iR fimanrepAlaavairpiefaces dr hehriceieshiagsand to
show the required facial expression of its correspondlng cartoon character for the image frame. 3.
Using an fridgéoatitieg) aarsluepg otdoareartamshiba s i aUfedi posutbiaapesse desized and
rotated sQiag{RLiHIE CRIEG SPANGINOFRBBChAaEtekfor the image frame. 4. Using an image editing
computer software, each face to be superimposed is clipped, positioned and pasted onto the
corresponding cartoon character as its face, for the image frame. 5. The cartoon characters with the
superimposed faces may then be superimposed onto an optional background image to produce the
final image frame. Using video editing computer software, all the image frames are then combined into
the final B&CKGGROININO AP B IRy ENAUHON he manual production of video cartoons
with superimposed faces is time consuming and tedious as explained as follows: 2/23 1. For each
image frafh&@eAfERMreBsttis Rl thecqupriepHBagericaihit hetplREcmheartiailyr oribid Aesized,

rotated, clipReshandRasiiN&d (SARS AR HEwn to resemble human, animal or other object within

an image frame of the video cartoon. Photographic or drawn face of human or other animal

may be superimposed on each cartoon character. Each image frame with superimposed faces

within a video cartoon is currently produced manually as follows:

1. The cartoon characters for the image frame have to be available first. They may be
produced beforehand by any other methods.

2. Each face to be superimposed have to be selected from among all the available faces
to be the correct face and to show the required facial expression of its corresponding
cartoon character for the image frame.

3. Using an image editing computer software, each face to be superimposed has to be
resized and rotated so as to fit its corresponding cartoon character for the image frame.

4. Using an image editing computer software, each face to be superimposed is clipped,
positioned and pasted onto the corresponding cartoon character as its face, for the
image frame.

5. The cartoon characters with the superimposed faces may then be superimposed onto

an optional background image to produce the final image frame.

Using video editing computer software, all the image frames are then combined into the final
video cartoon, optionally adding background audio. The manual production of video

cartoons with superimposed faces is time consuming and tedious as explained as follows:



corresponding cartoon characters. A background image may also need to be added. This process will
generally takes 20 seconds or more for each imagze/%ame, even for a very experience and fast
computer software user. Even if it takes only 20 séC0nds for each image frame, it will take 40 minutes
(2400 seconds) to produce a one-minute (60 seconds) duration video cartoon with 120 frames at a

frame rate of 2 frspescRemSRCANG 2 ITHOQigeP eRASER fagR MpvstPthechangrrsdhe process has
to be repeated for each affected image frame. The invention aims to automate and speed up the

production of vidB8WaHS SRS Hith retipeditiipisdarives sy ranienstisaabie Uides sequences of
cartoon charactessyréljgynaiAceatditocinthagyidelingr bt invantiany Wit dbei gyisieliagsiof the

invention, the invention is able to detect and recognise the original faces of the cartoon characters
with high accurddyjs BRFEtpEHhesBsE AT EpERoRdY Qb & faariRag o aBMMhENF R EPfettly. With

the invention, differerkpseescipmvidediirserbusarisvdes daces anddaakaodndsia fre same
distributable video sequence of cartogn characters to produce mamﬁ]different final video cartoons

easily and rapidi§AIh{EetiSaEie Lt o 20 53885 L S ErARLth PO BERSHAREEILS (b duction.

However, it is diffesendsyantdhiennvenfientasitwises Jdigkihedablershiesadooeditiageisgsr provided
videos automatically instead, and offers no specific provision to detect and recognise the faces within
the videos. Interi&ti8ial Patent W096002898 is a method for drawing the mouth of a user-provided

face automagicalfyiwithiseaisiaed wuls Kvine Bateningdl HG6bads amesheddpedeavivigdtie facial
expression of a user-provided face automatically within a video. Both methods are different from the
invention as the#fSEHE dMass the user-provided face according to audio inputs, and offer no
specific provision to detect, recognise or replace the faces within a video. 3/23 Japan Patent
JP2002008057 and US Patent 20 03 022 8 1 3 5 are both me.thodggi)ée[)e lacing a .real human face

within a vitEo WitR PO LS FRAHeE e a7 ABFRAMRT BFRAUFN NG ifERSAE AR them in the

following wigysimposed faces, by using distributable video sequences of cartoon characters, drawn
according to the guidelines of the invention. With the guidelines of the invention, the
invention is able to detect and recognise the original faces of the cartoon characters with high
accuracy, and superimpose the corresponding user-provided faces over them correctly. With
the invention, different users can provide different user-provided faces and backgrounds to
the same distributable video sequence of cartoon characters to produce many different final

video cartoons easily and rapidly.

International Patent WO02052565 is another method for automatic video production.
However, it is different from the invention as it uses “distributable styles” for editing user-
provided videos automatically instead, and offers no specific provision to detect and

recognise the faces within the videos.

International Patent WO96002898 is a method for drawing the mouth of a user-provided face
automatically within a video, while China Patent CN1710613 is a method for drawing the
facial expression of a user-provided face automatically within a video. Both methods are
different from the invention as they focus on drawing the user-provided face according to
audio inputs, and offer no specific provision to detect, recognise or replace the faces within a

video.



1. The invention replaces one or more cartoon characters' faces, drawn according to the guidelines of
the invention, while Japan Patent JP2002008057 gngl US Patent 20030228135 are designed to

. ) : 3 .
replace a single real human face. 2. The invention has high accuracy of detecting the cartoon
characters' faces because the cartoon characters' faces are drawn according to the guidelines of the

invention.j}ARGNEAIEPL I RGN ERS UsNehien Masni ) 98 2B dhlndetheas ek hgyacaiich a high

accuracy because computerised detection of real human face is not Perfect. 3. The invention

recogniseSH i eI A8 WHHADLR YiEFe BaftdorsehBravided ineeu gmUsRlY cdiredpumting is

user-provigeeriacesmmithdign accRewinapagsPatent JP2002008057 and US Patent 20 03 02281 3
5 focus on drawing the face of a single person with no provision for accurate face recognition.

OBJECT OF THE INVENTION The objectives of the invention are as follows: 1. The invention aims to

automate and speedspifeProsldetiopnefofidencatRpnschitacse rFRieyidek frses aipeicaesed on
cartoon characters. The invention is to be sigigificantl faster than the corresponding manual process.

For example, to BtFli0ss Qidhe MYALHEOHIYRHG Whar S LS W BARIn L ekl sdedltRy. the invention

should take les2t030223¢ IDinteMIEEIUSIRE RRESPRIALTOreRUiemeamnanly available in the current
market, compared to the manual process which can take 40 minutes or more. 2. The invention aims to

be repeatablé-foll HiHBYSAT AL SR RASRARST 0L 186 HBRJRS HHHS OIS tHSSHEMEeo
sequence of carthen£hvinctRradelerdisiripdteava namasiffesent deridildeifferent usersican then

provide different faces_and ba to the same vi e of cartoon characters to
produce many Jﬁ%%ﬁ?ﬁﬁéﬂ@%ﬁé&@%%ﬁé%%@&@ﬁﬂ&?ﬁ@%gﬁﬁw&%i§‘fﬁ%ﬁtm§ ideo
sequences of caitearmenaerstsesctonpifiierant usessinaytien nemeheaiedi MdBpadddMARY OF THE
INVENTION In this document, a "cartoon ter%glate" shall refer to a vid%‘ﬁ cartoon, containjng a

sequence ofcantdSiARLBEFEO SR TEh TH B AT B ¥R P RrEPAICLRE r{aSKAtN e invention,
different users caeiaddreifipsedingssepvidecifaces Wwigckgbuoehimagaammdratidio to the

JP2002008057 and US Patent 20030228135 focus on drawing the face of a single

person with no provision for accurate face recognition.

OBJECT OF THE INVENTION

The objectives of the invention are as follows:

1. The invention aims to automate and speed up the production of video cartoons with
user-provided faces superimposed on cartoon characters. The invention is to be
significantly faster than the corresponding manual process. For example, to produce
a one-minute duration video cartoon at 2 frames per second, the invention should take
less than one minute when using personal computer commonly available in the
current market, compared to the manual process which can take 40 minutes or more.

2. The invention aims to be repeatable for different user-provided faces and
backgrounds. This allows the same video sequence of cartoon characters to be
distributed to many different users. Different users can then provide different faces
and backgrounds to the same video sequence of cartoon characters to produce many
different final video cartoons. A new industry of producing and distributing video

sequences of cartoon characters to different users may then be created.



same cartoon template to produce many different final video cartoons automatically. In this document,
an "original face" shall refer to the face of a cartooy/(j‘haracter within a cartoon template, which is to be
superimposed and covered by a user-provided face. th this document, a "superimposed face" shall
refer to a user-provided face which superimposes and covers the original face of a cartoon character

withina c . O the background and the original faces of the
MRS, O THE IRYRRTION

cartoon c Ines of the invention. The guidelines are

designed g aRiRand siRpih Rigiaw: BRinggalkoyidalipearterdeiiiameest aeueifast will be
incurred when the cartoon template is beirgédistributed to different users. According to the guidelines

of the invahGBHOME RIS cAel v b distiPiasie Ramedbieratditton YA IS KRaY P drawn

completediyyithem Daskaauad imaerntl e, phsvibackerey nddrushiRg dndbanimensdce eLhegetectable
by a background detection algorithm. Similarly, if a user-provided face has a background which is not

to be supSHRTTGLIRPR HBREC Lo REtreh TR s HAMarodaa rRtePaIl 98 atisANimous colour
detectable by a background detection algorithm. The guidelines of the invention allow the original
faces of the cartoon characters, together_with their facial colours, facial expressions, sizes, rotations,

positions Hhl SRS totBe kel datsarhiy Lisdes fhdivniRr aatettal Mmp S arpier U8B &ection
algorithmcdiesinvanpiare invabies e deteetivnpotananirpousht eslaurad-preiemsl (brekgrounds and
original faces) within images. To ensure that these regions are truly unanimously-coloured, the
invention can use any existing and known image filtering algorithms (example: Median Filtering and
K-means migoiithoo)tecfitter ‘awsyitipoleisesanhalightey asiatinss sHealediicd vaiyh within the
seemingly unanimouslélaoloured re%ion,s of the i a%es. 5/%% invention can use any existing and
known batiSTOTRASER HRESH S SrR RSB U LRSE Hhd U ORI SIUBIRE FALRGPIEMELE images.

The remaining region of an image not detected as the background is the detected foreground. The
invention use any existing and known face detection algorithm to detect the original faces within
the mage Vb0 6 4 ARl HHEYED SiHABAE RSO e SRR SRE g to the
guidelinesrefdhavinuerdidimdhe tinygoidelinesas ehécioe deiectidhe guidelines are designed to be

natural and simple to follow. Being only guidelines, no addition cost nor effort will be

incurred when the cartoon template is being distributed to different users.

According to the guidelines of the invention, the cartoon characters in each image frame of
the cartoon template may be drawn completed with a background image. If not, the
background must be a unanimous colour detectable by a background detection algorithm.
Similarly, if a user-provided face has a background which is not to be superimposed onto the
cartoon character, the background must also be a unanimous colour detectable by a

background detection algorithm.

The guidelines of the invention allow the original faces of the cartoon characters, together
with their facial colours, facial expressions, sizes, rotations, positions and clippings, to be

very accurately and efficiently detected by a simple face detection algorithm.

The invention involves the detection of unanimously-coloured regions (backgrounds and
original faces) within images. To ensure that these regions are truly unanimously-coloured,
the invention can use any existing and known image filtering algorithms (example: Median
Filtering and K-means algorithm) to filter away the noises and slight variations of colours, if

any, within the seemingly unanimously-coloured regions of the images.



algorithm specially-designed to detect the original faces. The specific face detection algorithm is

significantly more accurate, faster and yet simplersth%n a general face detection algorithm. The face
detection algorithm also detects the facial colours, facial expressions, sizes, rotations, positions and
clippings of the original faces within the cartoon template. For each user-provided face, the user will

have to speeifyAiRcRleR I A1Yckqi fasiahRMAERSIPAIRE b8 fPHasRaNdNgopitigin g (REsu(fHeot, default
facial colour and expression are assigned. For each detected original face within an image frame of

the cartodtieB LY -tleYFReE PRl bt OfHmdessy-Jridk g Riee thgiPthel BadMazidinhg

user-specifiedtacialae otk aodrdRessierclkagselasiadiface is then resized, rotated and positioned
according to the size, rotation and position of the detected original face. If there is any clipping of the

detected original face by other foreground objects of the image frame, the resized, rotated and

positioned selpted iacanilkdensipnathacerdingin ascwedesiivlarioanndetested thaskgigand of the

resized, rotated and positioned_ selected face is also cIiPped away. For each image frame of the

cartoon tdATiatd TAME BPE SFBRE MY TageoRrierlaicoHSH RSB thReRIAFRldBEadton. The

user-provifigshbaskgmun ebirageidéiamns ¢ thesizeadodittathiilthennawsimage deaogod he detected
foreground of the image frame of the cc%rtoon template, less the detected original faces, is pasted onto

the new ifHEGE REMREC B TR ISt H IR GIB AEC riad B ARGT 1T RE SAHARAD resized, rotated,

positioned]gyiitehnpertkisRinpo vited jacasalethenpasiadiaiiitieanevsdmageritariecatidheir
respective positions, over and on top of the background and pasted detected foreground. Each new
image framhe Atk His %é’&eﬁﬁlﬂ@, %ﬁ%&fﬁ%@?&é‘b%&%éﬂ&fp?ﬁlﬁ%a é‘ésti%écﬁ?faﬁxma%%oe&rtoon with

superimpeised faeaobioiinnabnisaidubpides agdie, ifigmal Maysalstbethaddadde thaginal video
cartoon. 6/23 BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1 shows an example of a
graphical user-interface of a software program which is a preferred embodiment of the invention.

FIGURE E@’rﬁwls liser-@revview fathehénvesn o, Ivai\t_la thepepLits, ﬁﬁlﬁamumuﬁmmm&mliqus stages of
g‘ri e Piession Tor (s ComespondmE oresnal face. 1m0k QEIEUTL Fieral coloarand expression are.
assigned. For each detected original face within an image frame of the cartoon template, the
invention selects the user-provided face with the best matching user-specified facial colour
and expression. The selected face is then resized, rotated and positioned according to the
size, rotation and position of the detected original face. If there is any clipping of the
detected original face by other foreground objects of the image frame, the resized, rotated

and positioned selected face will be clipped accordingly as well. Similarly, any detected

background of the resized, rotated and positioned selected face is also clipped away.

For each image frame of the cartoon template, a new corresponding image frame is
constructed for the final video cartoon. The user-provided background image, if any, is
resized to fit and fill the new image frame. The detected foreground of the image frame of
the cartoon template, less the detected original faces, is pasted onto the new image frame,
over and on top of the background image, if any. The selected, resized, rotated, positioned
and clipped user-provided faces are then pasted onto the new image frame, at their respective

positions, over and on top of the background and pasted detected foreground.

Each new image frame is then assembled in its original video sequence to produce the final
video cartoon with superimposed faces. Optional user-provided audio, if any, may also be

added to the final video cartoon.



by adding different user-provided faces and different background images to the same cartoon
template. FIGURE 4 shows examples of the correct and incorrect ways of drawing the original faces of
the cartoon characters, according to the guidelines of the invention. FIGURE 5 shows an example of a
method for arranging the eyes and mouth of an original face to resemble those of a real human face,

as well asﬁgggﬁrrﬁmmiw ﬁEbBT#KVViN( human face. FIGURE 6 shows
examples of the various tacial eéxpressions of the original faces of the  cartoon characters, drawn

accordingiiGthR B yisiehne S hm Pl entianapil oM Rer/ighomscamples L the sanpunigiaigns of the
original faces of the cartoon characters, drawn according to the guidelines of the invention. FIGURE 8

shows th@ oW EASTBPUmEN:Rh I BYE¥ground detection algorithm which can be used by the
invention, together with examples of its inputs and outputs. FIGURE 9 shows the flowchart of an
accurate, fast and yet simple face detection algorithm specially-designed to detect the original faces
within an F@H@ﬁ%ﬁ%%%%?ﬁ%ﬁ”ﬁé‘mﬁ Hxe In¥5gEaTe Mﬁﬁ@xﬁ%ﬁﬁ%gfﬁf%ﬂ%ﬁﬁg Hisavuetts.
FIGURE iQghawsiidmdatadtow diagram of the "Image Integration” stage of the invention, for
combining an image frame of the cartoon template, user-provided faces and a user- provided
background image into an image frame of the final output video cartoon. 7/23 DESCRIPTION OF THE

PREFERRERRN BHIMENISpdhef prefelirtst ambagimeifeofdhieiikasttian miltheddissisredderein
after in detail with reference to the accompanying drawings. While examples are provided, the
invention 7 ASHR% gga%uﬁ‘éﬁR’fﬁf’éﬂe@%‘@Spq’é‘ileq}gar‘é%%gﬂ\%vﬁ{%ﬂdﬂmqg%t%éhﬁéég}‘a8m@widest

scope comsiplaty with the principles and features disclosed herein. The preferred embodiment of the
invention is a computer software program running on a computer with fast enough computation
power. A commonly available personal computer in the current market is able to provide the required
computatiPiGRRE. shifsld REamHbovSianc@xempiel i@ geaphion oserniniesfaediogiiie Sotiyusie

program. The graphical user-interfag.e allo sa%s?_r to gfovide the following inputs:
the cartoon characters, accor: ng to the guiaelines the 1nvention.

FIGURE 5 shows an example of a method for arranging the eyes and mouth of an original
face to resemble those of a real human face, as well as for determining if the arrangement

resembles that of a real human face.

FIGURE 6 shows examples of the various facial expressions of the original faces of the

cartoon characters, drawn according to the guidelines of the invention.

FIGURE 7 shows examples of the various rotations of the original faces of the cartoon

characters, drawn according to the guidelines of the invention.

FIGURE 8 shows the flow chart of an example of a background detection algorithm which

can be used by the invention, together with examples of its inputs and outputs.

FIGURE 9 shows the flowchart of an accurate, fast and yet simple face detection algorithm
specially-designed to detect the original faces within an image frame of a cartoon template,

together with examples of its inputs and outputs.

FIGURE 10 shows the data flow diagram of the “Image Integration” stage of the invention,
for combining an image frame of the cartoon template, user-provided faces and a user-

provided background image into an image frame of the final output video cartoon.



1. Specify a cartoon template in the form of a video file (FIGURE 1 Textbox 1.1). 2. Optionally specify
the unanimous background colour for the cartoon template (FIGURE 1 Combo-box 1.2). 3. Optionally
supply one or more user-provided faces, where each'tace is in the form of an image file (FIGURE 1
Combo-box 1.3 and Textbox 1.4). 4. For each user-provided face, optionally specify the facial colour

and facia W ' r ' TS E}R' ' M@msgqml Combo-boxes
1.5). If ntlal?, a defau g%ﬂﬁogig?raic{lagexpresgon w@gg\glgne . 5. Optionally provide one or
more backgroprae:eadmbileatlelebiRke lnGambr-WAKLE GiskaskdEntbax dfe) . doptiopally provide an
audio file (FIGURE 1 Textbox 1.8). 7. Specify the output video cartoon, in the form of a video file

(FIGURE$1$7R650% 18 Roqompamanisgrandassrodda tammbind s mitiigked i drishiion iy ifdo

Cartoon” higtired(fd GAIREddi©hd FYeingl safbyaraRroBAM wibmakeruse @t einvessjen to
automatically . combine the user inputs into the final output video cartoon with superimposed faces.

Referring 8 He SV D OPERS INGE ARG AeeHBF S RSO BEH the invention will automatically
produce a video cartoon with superimposed faces from the following user input media: 1. A cartoon
template in the form of a video. 2. One or more optional user-pravided faces, where each face is in the
form of arl &RGCEFSEBOIILL Hidhe ShHrliands ACHBRHIFT HRINare Rrogrash N2 08i8. Referring
to FIGUR& dplheriventioncgongiste eiptheiol 9oing. siagesimomioduchion pktafavdmhpgiate
According to Guidelines of the Jnvention (FIGURE %ZFl()Ck 2.1) 2. Specification of Facial Colour and
Expressigh%}l%%m@@a&&ramaéa REQUKIC IRTEARIES' BRICR™2D PG Pty (EREWRE 2 Block

2.3 and 2e&hhpiiaskg kauiptdl daetestiondfAc fREhe BioekaZe p@peazib)The graphical user-interface

allows a user to provide the following inputs:

1. Specify a cartoon template in the form of a video file (FIGURE 1 Textbox 1.1).

2. Optionally specify the unanimous background colour for the cartoon template
(FIGURE 1 Combo-box 1.2).

3. Optionally supply one or more user-provided faces, where each face is in the form of
an image file (FIGURE 1 Combo-box 1.3 and Textbox 1.4).

4. For each user-provided face, optionally specify the facial colour and facial expression
of its corresponding cartoon character’s original face (FIGURE 1 Combo-boxes 1.5).
If not, a default facial colour or facial expression will be assigned.

5. Optionally provide one or more background image files (FIGURE 1 Combo-box 1.6
and Textbox 1.7).

6. Optionally provide an audio file (FIGURE 1 Textbox 1.8).

7. Specify the output video cartoon, in the form of a video file (FIGURE 1 Textbox 1.9).

After the user has provided the inputs and clicked the “Create Video Cartoon” button
(FIGURE 1 Item 1.10), the software program will make use of the invention to automatically
combine the user inputs into the final output video cartoon with superimposed faces.
Referring to the overview of the invention shown in FIGURE 2, the invention will
automatically produce a video cartoon with superimposed faces from the following user input

media:

1. A cartoon template in the form of a video.

2. One or more optional user-provided faces, where each face is in the form of an image.



5. Face Detection (FIGURE 2 Block 2.7) 6. Image Integration (FIGURE 2 Block 2.8) 7. Video
Production (FIGURE 2 Block 2.9) Stages 1 and 2 are the "Preparation Stages" for providing the user
inputs, while the remaining stages 3 to 7 are the K dtomatic Video Production” stages for
automatically combining the input media into the final output video cartoon. The "Image Filtering" and

"Background3 Detgetipistaepsdeil easkddsendrayidad face can be done anytime before the "Image
Integration” stage. For example, they can be done as and when each user-provided face is being

provided. On%h@&ﬁ@?lﬂ%&uélﬁ‘?ce the image frames of the cartoon template is in sequence, each
image frame will undergo the "Automatic Video Production” stages of the invention one after another.
The following sections will explain each stage of the invention. 1 Production of Cartoon Template
Accordin&ﬁ?@&?&éﬁr@g}%ﬁ@’Iﬁ\?e‘ﬁﬁ%tf?ﬁi%qgséts‘ﬁl%%%ﬁﬂ]r?g’ﬂé‘éétﬂﬁeﬁ‘roviding the cartoon
template. A cartoon template is a video cartoon containing a video sequence of cartoon characters
which can be distributed to many different users. With the invention, different users can add different

user-provided! fadddusHeRGbbAHRGELRIAY AraRd e Srirds e ihe Myreon BIGHRE many

different final videgkerieons. FIGURE 3 shows examples of the images frames of two different final
video cartoons, "Videq Cartoon 1" and "Video Cartoon 2", produced by adding different user- provided

faces and differenPEHELEHONY FASGES AP FHPESIOBH e MRS GrPEOAAH 858 cartoon template

can be produced(pyGrBthslssethoys, within the cartoon template, the backgrounds and original

faces of the (i?rtoon chagt%ct,ers é[{]ﬁﬁ?t be %rawn ?c%ord' o the guidelines of the invention. The
guidelines are deSG8ed 1 HIGHHPA Rhd Biofie t¥faw) Being only guidelines for drawing the

backgrounds and3atigénahidqescbeoadditarreostBlotieffatwdlbixg incurred when the cartoon template
is being distri ut%d to _many dif rs, Tl-lsef gowing sub-sections explain the guidelines for the
backgrounds an Eﬁ‘?e]%eﬁ&‘fﬁgflf c{é?}oéﬁ%%]a?ﬁ @nc; emplate: 1.1 Guidelines for Background The
cartoon charagteIfiizehabdmage (FeoeRH 2 Bastekandemplate may be drawn completed

7. Video Production (FIGURE 2 Block 2.9)

Stages 1 and 2 are the “Preparation Stages” for providing the user inputs, while the remaining
stages 3 to 7 are the “Automatic Video Production” stages for automatically combining the
input media into the final output video cartoon. The “Image Filtering” and “Background
Detection” stages for each user-provided face can be done anytime before the “Image
Integration” stage. For example, they can be done as and when each user-provided face is
being provided. On the other hand, since the image frames of the cartoon template is in
sequence, each image frame will undergo the “Automatic Video Production” stages of the

invention one after another. The following sections will explain each stage of the invention.

1 Production of Cartoon Template According to Guidelines of the

Invention
This is a preparation stage for providing the cartoon template. A cartoon template is a video
cartoon containing a video sequence of cartoon characters which can be distributed to many
different users. With the invention, different users can add different user-provided faces,
background images and audio to the same cartoon template to produce many different final
video cartoons. FIGURE 3 shows examples of the images frames of two different final video
cartoons, “Video Cartoon 1” and “Video Cartoon 2”, produced by adding different user-

provided faces and different background images to the same cartoon template.



with a background image, as shown in FIGURE 3 Item 3.1. If not, the background must be a
unanimous colour covering a significant portion (eg?rgple: more than 10%) of the image, as shown in
FIGURE 3 Item 3.2 and 3.3. Furthermore, most bordars (example: more than 50%) of the image
frame should be in the unanimous background colour. For FIGURE 3 Item 3.1, none of its colours
occupies more than 50% of its borders, therefore preventing any of its colours from being mistaken to
be the backﬁ.round colour. With the guidelines of the invention, the unanimously-coloured background

can be ad¥iisiHly SHEPRSBRIA Vet e BB LRk GRYLRIB SRS ErRSlS A BYiRHES sasdRtected

unanimoushipieiourrhbhackaipndinayitien beseplasedMosn antignaldspkivevided background
image during the "Image Iniff%ation" stage of the invention. 1.2 Guidelines for Original Faces of

Cartoon GReEtiRs LoThe gttt SoMmENFESHon A SRt trigirgsieas ddomet il ieir facial

colours, fagipleEIESIRNBeRizasIiOialiRMmcP esiiRa MRd1dipRIRgR AR REEHEB IV 2R, efbiciently
detected by a face detection algorithm. The guidelines are as follows: 1. Referring to FIGURE 4 Item
0.1, each SRR S HBHARNEIAETEH HOSR oGP0 450 Bl HHE TSR dbedded

within therfage.dliferémaieyes ahel fhieomipigthudrectiRnesgiliepesentatNefaeiatfeausesoangsare
needed to show facial expressions. This is because the shapes and sizes of the eyes and mouth can

change sJiBESHPRHAASHE B TRaRARPIE the nose or moustache, have almost fixed shapes
and sizes. With the two eyes and the mouth, there is no need for other facial features. Hence,
FIGURE 4 10/23 . ltem 4.4 and 4.5 cannot be original faces because they have either too few or too
many seérﬁerﬁé"&ﬂﬂb‘ﬁ&ﬂ Baglianed. This also means the eyes and mouth must not overlap or

even touchheaaii @hehatadiefsiirieg kahligtiind demdbothe epgirahiacee: axoeptiiepyes and
i, ool SUSIIIOLS ok, T o cole i il plot o i ol ece
extremelyulangien(examipla: v 2itmitR impsriargesthapleachoay e)atlBi%e offtHe itfitiged dtem 4.6
Ao b O B B A o A S M RNGOR TS ETdER (Se TS MoK han 50%)

of the image frame should be in the unanimous background colour. For FIGURE 3 Item 3.1,

none of its colours occupies more than 50% of its borders, therefore preventing any of its

colours from being mistaken to be the background colour.

With the guidelines of the invention, the unanimously-coloured background can be
accurately and efficiently detected by a background detection algorithm. The detected
unanimously-coloured background may then be replaced by an optional user-provided

background image during the “Image Integration” stage of the invention.

1.2 Guidelines for Original Faces of Cartoon Characters
The guidelines of the invention allow the original faces, together with their facial colours,
facial expressions, sizes, rotations, positions and clippings, to be accurately and efficiently

detected by a face detection algorithm. The guidelines are as follows:

1. Referring to FIGURE 4 Item 4.1, each original face of a cartoon character must have two
eyes and one mouth, fully embedded within the face. The two eyes and the mouth are the
most representative facial features, and are needed to show facial expressions. This is
because the shapes and sizes of the eyes and mouth can change significantly. The other
facial features, like the nose or moustache, have almost fixed shapes and sizes. With the

two eyes and the mouth, there is no need for other facial features. Hence, FIGURE 4



4. Referring to FIGURE 4 Item 4.1, the two eyes must be of the similar size (example: less than 20%
difference). Hence, FIGURE 4 Item 4.7 cannot be an griginal face because the two smallest segments
do not have similar sizes. 5. Referring to FIGURE@/I%em 4.1, the sizes of the two eyes and the mouth
relative to the full unclipped circular size of the original face must resemble those of a real human face

(example: befwpen23da 4Q0mn bidRcRi il UREsbéemsé BSsannetdpanignalfase nhagause its

embedded segments are too small. At the other extreme, FIGURE 4 Item 4.9 also cannot be an
original face B&CAtRS FRRaAdbyEl Bdhrmnihiyaliodnshy e REYE g BB DIRE 2OHEKTAR, the two
eyes must bepigeneuah tadaeMisible (example: each eye should contain at least 25 pixels for a 320
x 240 image). If the eyes are too sma may be mistaken as "pepper noises" and filtered off by

I, th ¢
the low-pass Tfsriggind Ry Bhadiem Iilte]rier}/Be efigjRabiane MCSRLiLIS creRamd YTy BisUREY tem

4.1, the shorteshalistancebRivveamthenmme)ysscolvst Retaraenpugd o deaemmosatadhe size of
another eye. Hence, for EIGURE 4 Item 4.9, all the segments are also too close together to form an

original fate BEIRERS AR SIS BREURED ftdnibe MmoHE dRBsEhe sigridic Btibindisidban Gae heds the same

unanimous ceiRuibtRuttdisdnctively eifiaipnt alauediamdhe fasiallagletithilencs.eyd G BRE4 Item 4.10
cannot be an ori%}nal face because its two sma!ler}iqmbedded segments are in different colqur. 9.

Referring to EISURE 2 e 401camRohRs R QbR A< R et Tn e &l 8 s olour, but

distinctively difesent esdati. from the facial colour. To improve the accuracy of face detection, the two

eyes and the mouth of the griginal face may be required to he the same_unanimous colour. However,
this is optfi)ngi?’ f&lﬁﬁe%ﬁﬁﬁ?dj%%léﬁﬁé' ’|%B?1~F‘X91?3Eﬁsel‘é‘ﬂﬁé??§é)rﬂlr1‘@ﬁtsbtf’ﬂ?é %?Eéeéﬁﬁ%%u[ﬁ%f an

original facetnustogseimblentroseioheeFaGCURMal linan taeaottenaeofbaldRicd Bieaud 1He11/23
cannot be an origina face because the rran%e ent of its eyes and mouth does not resemble a real
normal humaty PatBATHE SHFERREH A UL S Wﬂ%&ﬁ%&% check the arrangement of the eyes and

mouth of an ReginahfaceFIICRIRE Reshowstan exanplaofwsushcametho chand islaxplaioetkas follows:
full unclipped circular size of the original face must resemble those of a real human face
(example: between 2% to 40%). Hence, FIGURE 4 Item 4.8 cannot be an original face
because its embedded segments are too small. At the other extreme, FIGURE 4 Item 4.9
also cannot be an original face because its embedded segments are too big.

6. Referring to FIGURE 4 Item 4.1, the two eyes must be big enough to be visible (example:
each eye should contain at least 25 pixels for a 320 x 240 image). If the eyes are too
small, they may be mistaken as “pepper noises” and filtered off by the low-pass filter
during the “Image Filtering” stage of the invention.

7. Referring to FIGURE 4 Item 4.1, the shortest distance between the two eyes must be far
enough to accommodate the size of another eye. Hence, for FIGURE 4 Item 4.9, all the
segments are also too close together to form an original face.

8. Referring to FIGURE 4 Item 4.1, the two eyes of an original face must be in the same
unanimous colour, but distinctively different colour from the facial colour. Hence,
FIGURE 4 Item 4.10 cannot be an original face because its two smaller embedded
segments are in different colour.

9. Referring to FIGURE 4 Item 4.1, the mouth within an original face must be in a
unanimous colour, but distinctively different colour from the facial colour. To improve
the accuracy of face detection, the two eyes and the mouth of the original face may be
required to be the same unanimous colour. However, this is optional.

10. Referring to FIGURE 4 Item 4.1, the arrangement of the eyes and mouth of an original

face must resemble those of a real normal human face. Hence, FIGURE 4 Item 4.11



10.1. First, the centers of the two eyes are arranged horizontally, with the mouth to be placed below
the eyes (FIGURE 5 Item 5.1). The "center" of anﬁy%is always defined as the "center of mass" of the
eye. 10.2. Second, a square is constructed with its top left and top right corners at each center of the
two eyes (FIGURE 5 Item 5.2). 10.3. Third, the square is enlarged from its center proportionally until

the two eyes agdust witbiuthe sauemectinke WR BrahiemanBdf 1Q-dydsastlynibanawes half of the

enlarged square is divided into three equal rectangular sub-regions (FIGURE 5 Item 5.4). To

resemble a rESFHMGHFALE0TTRR! MU0 Hdhe TiMATILR FALSSHEMIRAMIAASEIWEF half of the
enlarged squatangiddhe caniersef iig meuonusbligwihincthermudie: sesangupE:siRpIegion.

Likewise, the "center" of the mouth is alsp always defined as the "center of mass" of the mouth. 11.
The size and*PERRGH G atiGicaPrakE bR idIa¥tial size and position within the image frame. 12.
The facial expression of an original face is the descriptions of the appearances and shapes of the
eyes and mouth on the face. The invention can use any method to describe the facial expression.

FIGURE 6 showdGh eXaripfisoretieis alischsn sxmere atangedasirpitiPeydtBibasuet s Considered

as closed, while all othge pharedakecoR(eIeHIEURBENIEAreXAMpLe; éehtetGoMRE &dtam 6.5, the
facial expression is "Lefi Eye Open,  Right Eye Closed, Mouth Closed". While it is possible to refine

the facial expression fARHESTOF SR RSN TR &L & Khapes of the eyes and mouth

should be drawn glistingéiusiy, fekdhertsisiabestpiessiontoiBadp tep nisbobpephiatelie ki Raferring to
FIGURE 7, the rotation of anic}){i inal face is th&bange the elg/ iand mouth on the face have rotated
together, about the cerf&6F theNRBRO RtV ERE apHh % sition. When the face is in an upright

position, where the.gentgisdofiibedivecayeslargehfiiaontalenns fropveidinhelonvitheetvaeyes, the

rotation is zero degree (FIGURE 7. Item 7.1). ._.The clipping of an original face is the partial
covering up of the origi?\lgllf'géé’vwl ﬁ@rsquare ](Ef%%l%é 5 Ttem lojﬁ

10.4. Lastly, the lower half of the enlarged square is divided into three equal
rectangular sub-regions (FIGURE 5 Item 5.4). To resemble a real human face,
the mouth of the original face must lie fully within the lower half of the
enlarged square, and the center of the mouth must lie within the middle
rectangular sub-region. Likewise, the “center” of the mouth is also always

defined as the “center of mass” of the mouth.

11. The size and position of an original face are its actual size and position within the image
frame.

12. The facial expression of an original face is the descriptions of the appearances and shapes
of the eyes and mouth on the face. The invention can use any method to describe the
facial expression. FIGURE 6 shows an example of such a method, where a long
rectangular eye or mouth is considered as closed, while all other shapes are considered as
open. For example, for FIGURE 6 Item 6.5, the facial expression is “Left Eye Open,
Right Eye Closed, Mouth Closed”. While it is possible to refine the facial expression
further for many more different shapes, the shapes of the eyes and mouth should be
drawn distinctively for the facial expression to be recognised accurately.

13. Referring to FIGURE 7, the rotation of an original face is the angle the eyes and mouth
on the face have rotated together, about the center of the face, relative to the upright
position. When the face is in an upright position, where the centers of the two eyes are
horizontal and the mouth below the two eyes, the rotation is zero degree (FIGURE 7 Item

7.1).



objects in the same image frame. For example, in FIGURE 3 Item 3.1, 3.2 and 3.3, the black original
faces of the cartoon character with a hat are all p%ti/al}y clipped by the hat. If the superimposed face is
not to be clipped, the original face must be fully cife(ifar. For example, in FIGURE 3 Item 3.1, 3.2 and
3.3, the grey original faces of the cartoon character in long skirt are fully circular and therefore not

clipped. IflanHiginppiaseisnnai sl eireUlaib Paisi PRt HONS A RYoIAaRORIQCE; dhfer
superimposed face will also be clipped and partially covered tﬁ these other objects. For example, in

FIGURE 3 Itobica'simike 901 19139 Hapseadipnexgmiple. difdfiBEsddiearas of thadattddficharacter
with a hat argialkdippag byctehale CafibeHlahiaceisvaoasndareapresaniipncupplinmsdifasat because

a circle is easier to compute than other shape like ellipse and.yet it can still look like a real human

head. 15. Th¥ SMgiHBPFBBOSFIHASMROLLBOA ERGracheOutEb iRz BY LS M HHI#huEPbe in the

same unanimQumHEial FaEURIDBatkhe imagelfiamesmitbinytbe GaHoRodesTRitearthba original faces
of different cartoon characters must be in distinctively different unanimous_facial colours. This allows

each cartoorCBAESIETAR {9es kit aradelrstogiisers trirdouschot SHRRAS-FIEURESMLIACS B 3.2 and

3.3 show thah#heuthrtornlanBracigiadawwitia blasharignatfacr inpwaypisduseralansdwith a
hat, while the one drawn with a grey original face is always in long skirt. Overall. an original face is a

simplified draRiRBPRERBHRABIRLE SIS RSP P BIRE HFneE: PefatdRE: thieHidelines
of the inventis.rxg]@md @Mnglh@flr't?ﬁiﬂi jarﬁ df@sﬁt&lﬁi’@(i’ﬂd&d &lﬂé@%f@é@!@t@oﬁ@fiﬁ@fﬁ&tgr@iﬁi@ UhRE 4
Item 4.2, once the two eyes e mouth of an griginal face are drawn correctly as a group, the

can be placeaaéﬁgf\ﬁlrfé g’qfﬁfﬁﬁ%eh% 81[r%@%r §Cgﬁ Sy Qﬁﬁ?&%’éﬁ?‘mﬂ%@?ﬁf ] eopr?[ionaly
enhancemengethgsdisglatemendiof iherypaantimanth frap e etntes sldheatiginalfagedas shown
in FIGURE 4. ]Jtem 4.2) can be uied to indicate facial orientation, for example: "face turning 45 degree
left, 30 degr SSVWPi. D8R9 FIGURE 4 Item 4.3, while the original face may also be clipped in
any way, e Byesriafithntactio Mhisksamaintidly dambedted syjihindbectoaal euan examplén FIGURE 3

Item 3.2 shogf an ima%g framecfof alcar oon ten])PIt te, with three cartoon characters:%}kﬁ rightmost
cartoon charSSSP IR E MR AR R HRIGHE 5404 eéﬁ’&%c%fl?ﬁslgvﬁ YIRSHATO SRR 5ees drawn
according to Te gtliglalinesef shditifisientiomatoon characters must be in distinctively different

unanimous facial colours. This allows each cartoon character to be accurately recognised

by its facial colour. FIGURE 3 Item 3.1, 3.2 and 3.3 show that the cartoon character

drawn with a black original face is always in trousers and with a hat, while the one drawn

with a grey original face is always in long skirt.

Overall, an original face is a simplified drawing (with only eyes and mouth) of a real normal
human face. Therefore, the guidelines of the invention for drawing the original face are
natural and simple to follow. Referring to FIGURE 4 Item 4.2, once the two eyes and the
mouth of an original face are drawn correctly as a group, they can be placed any where
within the original face as a group at any rotation. In fact, as an optional enhancement, the
displacement of the eyes and mouth from the center of the original face (as shown in
FIGURE 4 Item 4.2) can be used to indicate facial orientation, for example: “face turning 45
degree left, 30 degree down”. Referring to FIGURE 4 Item 4.3, while the original face may

also be clipped in any way, the eyes and mouth must remain fully embedded within the face.

As an example, FIGURE 3 Item 3.2 shows an image frame of a cartoon template with three
cartoon characters: the rightmost cartoon character with a hat and the middle cartoon
character in long skirt have original faces drawn according to the guidelines of the invention,

while the non-original face of the leftmost cartoon character in mini-skirt is not drawn



while the non-original face of the leftmost cartoon character in mini-skirt is not drawn 13/23 according
to the guidelines of the invention. As shown in FIGURE 3, Item 3.9 and 3.15, the two original faces

. ; : T303 .
are being superimposed by user-provided faces, whilé the non-original face of the leftmost cartoon
character in mini-skirt will not be superimposed. As long as the original faces are drawn following the

guidelinegQtieninueiosuithem&esr B acediRielylelrsiadiaTdaeroanisrehby thamtpge slatrction

algorithm of the invention. To_further improve the accuracy of detecting the correct original faces,

producerd 8P e ERSSS @i PrEes WSH RRISEASY AR PERGHed fanss: K o ihie SRt WRhilar colour

as the aciyat @riginRIfAERE WHDEH IR.GRILR tampRie wiHGbokiesseMaydiednistaken as the actual
original faces. 2 Specification of Facial Colour and Expression for Each User- provided Face This is a

preparation stage for specifying the input user-provided faces. When a user supplies one or more

user-providerbhacashtos@ash] ysesspie\deanfasies ¥hgUuse il dines &0 tleasifyntiolacialcodaweand a
facial expression for its corresponding orig)g{lal face. If not, the invention will assign a default facial

colour anBEYRELS e st dRrRsesd Ont hralres driestihbuaiuet bt Ihe Lidtin) the facial

expressiofu@h&ashpHses tREdEad Ree déketBResificafien: AtpmmITechy priar ées sglart dhedomst
matching user-provided face for each de_tect%]dﬁ]cr)]ré inal face of the cartoon template accurately. If an

even higHEPRIUGT AP YISk heBisinat &DIg6E MBhoiedAr S0 B Pl detected

and matcbadinl euvevevitiisie eptiobakehiptausesipvisiectfaceyisasstmed @ he it conventional
upright position. Hence, there is no need to specify the rotation of the user-provided face, unless itis
not uprigft!'#8fedéR user-provided face, its facial expression for its corresponding original face is
specified according to the method used to describe the facial expression of an original face. For
example, if the facial expression is described according to FIGURE 6, the specification could be:
"Both Eyes Open, Mouth Closed", "Left Eye Open, Right Eye Closed, Mouth Open", or any other

possible gpmbingiirnsfaéAtioayes EAdikIECWiy andBxpressiol fir EddPBser-

provided Face
This is a preparation stage for specifying the input user-provided faces. When a user supplies
one or more user-provided faces, for each user-provided face, the user will have to specify a
facial colour and a facial expression for its corresponding original face. If not, the invention
will assign a default facial colour and expression. Future enhancement may even

automatically detect and specify the facial expression of each user-provided face.

The specification allows the invention to select the best matching user-provided face for each
detected original face of the cartoon template accurately. If an even higher accuracy is
required, the colour of the eyes and mouth can also be specified, detected and matched.
However, this is optional. The user-provided face is assumed to be in the conventional
upright position. Hence, there is no need to specify the rotation of the user-provided face,

unless it is not upright.

For each user-provided face, its facial expression for its corresponding original face is
specified according to the method used to describe the facial expression of an original face.
For example, if the facial expression is described according to FIGURE 6, the specification
could be: “Both Eyes Open, Mouth Closed”, “Left Eye Open, Right Eye Closed, Mouth

Open”, or any other possible combinations of the eyes and the mouth, as shown in FIGURE 6.



When the invention detects an original face of the cartoon template, it will also detect the facial colour
and expression of the original face. According to the gletected facial colour, the invention would

: ) . 14723 o : :
shortlist a group of user-provided faces with the nearést user-specified facial colour. If there is more
than one distinctive detected facial colour, for each distinctive detected facial colour, the user is

responsibierer akiRensigie dhRtthareissatdeast dtendsidRvidgddace with AysRispagified facial
colour near to that distinctive detected facial colour. For each user-provided face, the user is also

responsitié it PesrmearEseripR St ReiginahBagn As tArl e t8a dstssieddrsir ot othesponding

original fagesndvnansuibeideLs eksbastisied yesrmavides Jagehwiltntbe neargsidised-aReqified
facial colour, the invention will select the user-provided face with the best matching user-specified

facial expreibn b Eedfdin g ese i onsctbtiingtivs dsisdediBiial R i GAENSHHBFY West matches,

the inventieffayrsaladorsr ane efdhierespoiseseidisanisneciliedacinécalonr 1dhe oasealsepay choose
to supply any number (one or more) of user-provided faces with different user-specified facial

expressiotSV&EditssyY A drs SR isAdastt sievn dspdthakdishret vs dstedet e moleiicial
colour, it Wil ahvaysde aRIRRIE thvd) e aRephigna fagsowitbiéhis: {peiathentorris delseiathdiiegardless
of the facial expression. Hence, with the user-specified facial colours and expressions, for each

detected GPYIRAIEE %Fﬁ?ﬁ?%ﬁﬁﬁh&%@%rﬂ@ﬁf%eéﬁ?%ﬂg@%%ﬁ f4¢f8 invention will be able to

select the user- provided face with the best matching user-specified facial colour and expression. The

selected user-provided faces will then be superimposed on the corresponding detected orjginal faces.
FIGURE SERSEMREL Sratbuistad %%é‘ﬁb%iﬁﬁ%gafééé@@r@gé‘%a&é&“%&ﬂ%ﬁ &?Eg?ﬁ@f

user-spegiirthfagialcalatos anll expreasiaRs:-RelddagiocMGEVRER dtenatShln Sikangatdicie
cartoon character with a grey original 6&%&% and iE a.!#en?%;kirt_ is detected to have facial expression of
"Both Eyd& ISy CRISRASPEN™ © L TP AN ole LB AR SVIBE LR Whbcified with
a "Grey Fanethds|@id Rivestitannay Aefoct Midea ariban. 1 othiachsaleprpyidiediaagdnasitubenssed
irregardless of the facial exyreslsion. Simika?rly, FIGURE 3&It m 3.13 hézasé}% be useg fcl)i "Video Cartoon
2", Referif§ BEGORES HERS P URYEST (N8 IHBSF AL HSET MY 15k BHONAI S and a hat
is detectegkto-firyefikartat Exprgssioived. "BotiduyBs Dper: Monthtipeily: bienser-psomdddiing
user-prov&:l)re g &ggrgsgegilfcl;eld ?\a%igl Iégﬂ)]u% ?t fvov{ll \eﬂ\%ggs%%rggﬁrcltgd'\ﬁ%n%? OLIJ‘IFél%a face with this

facial colour is detected, irregardless of the facial expression.

Hence, with the user-specified facial colours and expressions, for each detected original face
within an image frame of the cartoon template, the invention will be able to select the user-
provided face with the best matching user-specified facial colour and expression. The
selected user-provided faces will then be superimposed on the corresponding detected
original faces. FIGURE 3 shows examples of how the user-provided faces are selected

according to the user-specified facial colours and expressions.

Referring to FIGURE 3 Item 3.1, 3.2 and 3.3, the cartoon character with a grey original face
and in a long skirt is detected to have facial expression of “Both Eyes Closed, Mouth Open”.
However, since there is only one user-provided face specified with a “Grey Face” (FIGURE
3 Item 3.7) for “Video Cartoon 17, this user-provided face has to be used irregardless of the

facial expression. Similarly, FIGURE 3 Item 3.13 has to be used for “Video Cartoon 2”.

Referring to FIGURE 3 Item 3.1 and 3.2, the cartoon character with a black original face and
a hat is detected to have facial expression of “Both Eyes Open, Mouth Open”. Hence, its

matching user-provided face is FIGURE 3 Item 3.6 for “Video Cartoon 1. For FIGURE 3



15/23 Item 3.3, the cartoon character with a black original face and a hat is detected to have facial
expression of "Both Eyes Open, Mouth Closed". Hence, its matching user-provided face is FIGURE 3
Item 3.5 instead for "Video Cartoon 1". Referring {8 FEURE 3 Item 3.1, although there is a cartoon
character with a pink original face and in a mini-skirt on the right, there is no user-provided face

specified pith & 3PiRkciasén chigheer RPN Quainatfaceds R ReiRd sSuReHRPeSed byasniy
user-provided face for _both "Video Cartoon 1" and "Video Cartoon 2". 3 Image Filtering The invention

involves tREPERSHERAH dPdmiRidirRar-etielnsgbnd ek drotatrbingdserignayidad d&sitartoon

characterg)®itRip ¥Mages. AtagiRnryvitvpgas dpagenmay look nearly unanimously-coloured to the
human eye, but there may have "pepper noises” (tiny dots of another colour) and slight variations of

colours, sometimes not distinguishable by the human eye. The "pepper noises" and slight variations

of coloursRpRy-hg WBIBIERIPS M RIEesHARA therdmagedsde dnsadicd iRy beruei tlasses when
the image._is encoded to and decoded from a compressed digital image or, video format like JPEG

(Joint PhdR5§AIhiR 2RSSR ARl BiftpEr INSuT Bletie Eissifiedouip) didesk The
invention Bses afRWcpas fliar ieiditar awve the: Heeppaipeeisessctpiowed by apeoladd ghestasing
algorithm to filter awegf the slight varia%%ns of colours, if any, within the seemingly

unanimoEPcoldte& FEGRUIhE dfhabs o ARt images are the image frames of the cartoon

template, and the user-provided face images. For each input image, the corresponding output is a
similar filtered image with no "pepper noise" and no variation of colours within its
unanimously-coloured regions. While the algorithm can modify the input image as the output image, it
is preferale for fhg-AlgFfEimguipUt to a new image identical in shape and size to the input image
instead. This keeps the original input image available for later usage. While the invention can use any
known lowlsaiss ditearcapyablesdheildsthed anyuiHaipepperceioised regiencdweirammads dod-pass filter

s the ‘Medianfiliatc Uil QISP iEseRies i priassuel iLihg RN ImAYSS Aa) Rasly guaranteed
to be free of "pepper noise”, low-pass filtering can be skipped. The invention can use any known
colour clukgatibigzagbrtmy-coloured to the human eye, but there may have “pepper noises™ (tiny

dots of another colour) and slight variations of colours, sometimes not distinguishable by the

human eye. The “pepper noises” and slight variations of colours may be due to errors or

noises when the image is produced, or may be due to losses when the image is encoded to

and decoded from a compressed digital image or video format like JPEG (Joint Photographic

Expert Group) image or MPEG (Moving Picture Expert Group) video.

The invention uses a low-pass filter to filter away the “pepper noises”, followed by a colour
clustering algorithm to filter away the slight variations of colours, if any, within the
seemingly unanimously-coloured regions of images. The input images are the image frames
of the cartoon template, and the user-provided face images. For each input image, the
corresponding output is a similar filtered image with no “pepper noise” and no variation of
colours within its unanimously-coloured regions. While the algorithm can modify the input
image as the output image, it is preferable for the algorithm to output to a new image
identical in shape and size to the input image instead. This keeps the original input image

available for later usage.

While the invention can use any known low-pass filter capable of filtering away the “pepper
noises”, the recommended low-pass filter is the “Median Filter” which also preserves the
edges well. If the input images are already guaranteed to be free of “pepper noise”, low-pass

filtering can be skipped. The invention can use any known colour clustering algorithm



16/23 capable of filtering away the slight variation of colours within the seemingly unanimously-
coloured regions of input images. Similarly, if the input images are already guaranteed to be free of
slight variations of colours within their unanimousllf-{:%ﬁoured regions, colour clustering can also be
skipped. An example of a colour clustering algorithm, "K-means" algorithm, which can be used by the
invention cispggelaineiiean Salloxysid-sTbR inpuiiipacshallDimdigitized imegs fiammehing cartoon
template, or a digitized user-provided face image, which is free of "pepper noise". 2. The K-means
algorithm SHaMFHeE8e L 8IdBPYrEVSR pikar ithini traeiiptiHTages 25° piscatysrHMantisttmiSge with

very similge£oloshfonexasmples @Nbun% Riffe iapERINMEAIAKTY AQ @IRUResi sagetbRiud. An average
colour is calculated for each group of pixels with very similar colours. 5. The output image is

3

constructSd i BRSGRALN B TRt AR &A R et A solpavstuster B Al B MitKiTmERM Sutput image,
its colour iscehianaged icterRrags e9lew ial disicrriesrpndieg aixsliatihe same location within the
input image. In this way, the pixels of the output image within a unanimously-coloured region will have
exactly the same average colour. Hence, after image filtering, the invention will have filtered images
similar to the lorigin@lnSiagesg AN B BeRERReMRIsETARdoTehRiion eeplaursmithin the
unanimously- coloured regions. 4 Background Detection The invention uses a background detection
algorithm to detétEHEAASFiRBILARESHSE /O 26 a MR B i HE O inRERRST #8Femaining region of an
image not detecteict as bagkg ettt isntbeadatiectrd doraaropnd: KRk thishewsmihe inpgts (FIGURE
8 Item 8.1) and the corresponding outputs (FIGURE. 8 Item 8.2, 8.5 or 8.6) of the background
detection algbrithF FoEUPETRYEARR AN e éﬂ@%@ﬂaﬁ’@@lglﬁua?&aﬁa@gﬁg%ﬁ% of the
cartoon templateqfanfnlE R krduplariodeteor a filtered user-provided face image (for FIGURE 2
Block 2.6). For image frames of the cartqon femplate, the user may have specified a background
cotour Referingt HEUREA b S Gt EGH: SHE0R01 ERB DN BLApUS W o BAckground

colour, if any5antha aeypubaskgedurdnsnagednasic identical to the input image at first. However,

for each pixel within the output image, its colour is changed to the average colour of
its corresponding pixel at the same location within the input image. In this way, the
pixels of the output image within a unanimously-coloured region will have exactly

the same average colour.

Hence, after image filtering, the invention will have filtered images similar to the original
images, but with no “pepper noise”” and no variation of colours within the unanimously-

coloured regions.

4 Background Detection

The invention uses a background detection algorithm to detect the unanimously-coloured
backgrounds of images. The remaining region of an image not detected as background is the
detected foreground. FIGURE 8 shows the inputs (FIGURE 8 Item 8.1) and the
corresponding outputs (FIGURE 8 Item 8.2, 8.5 or 8.6) of the background detection
algorithm required by the invention. The input image may be a filtered image frame of the
cartoon template (for FIGURE 2 Block 2.5), or a filtered user-provided face image (for
FIGURE 2 Block 2.6). For image frames of the cartoon template, the user may have
specified a background colour. Referring to FIGURE 8, for each input image, the

corresponding outputs are its background colour, if any, and a new background image mask



17/23 with only two regions: the background region, and the foreground region. The original input
image is kept unmodified for later usage. The inventig)n can use any existing and known background
detection algorithm to detect the unanimously-cofglﬂrgd background of an image, drawn according to
the guidelines of the invention. FIGURE 8 shows the flow chart of an example of a background

detection valgQilyrwshichean iR vastRuedyanten. b eiowoenartdsi explpediamiolgys: 1. The
background detection algorithm starts with a filtered digitalized image frame of the cartoon template,
or a filterdBegGitafsRL RSt dd e MBsge, which is the output of the preceding "Image
Filtering" stage (FIGURE 8 Item 8.1). 2. If the user has specified a background colour, whatever
regions within the image and along the border of the image with the user-specified back%round colour

are classifibfl IRNEMOHEERYS Y ERIsDRENS Faw s backerpubdsieativaalaoripudadstachRground

colour, thghackgiRundiaieaipicRIGEHHADS WillHeaEchiarP0eyYEROW Méthindhimbnagewhich has not
been counted yet (FIGURE 8 Item 8.3). 4. For each new uncounted colour found, the background

detection AR Wi RS thevruhbErsrhaiet e shhgdskarmeddstrei®dunted colour.
The backgseunshdaigetiamigarikumvilaisocaaunt theerRunhalof pixgisaalonadhisibosders of the

image with the new uncounted colour (FIGURE 8 Item 8.4). 5. If the number of pixels within the image
with the new uncounted colour is substantial (example: more than 10% of the total pixels within the

image have the tplobarkeune deuneRUNRG Colptis cangidefedrradiaunéa hragemaningus colour.
If not, the new uncounted colour is now consiéj ,rei?ﬂio be "counted" and disregarded. 6. For each
unanimous coloﬁgef(gﬁﬁa?]i]f%Btiafﬁx&sa(g}fﬁ?ﬁ é‘g e thas s Blsth S5 kB B R BHE Bsrders of
the image have thepupantmopiecipig; the dnBINERES scloUFISTRISKIeked &imgl found to be the
background ¢o If not, the unanimous colour is nQw considered to.be "cowte " and disregarded.

lour
7 The regiorts kIS TRE" TS SBSHIT S TS ERERERh ECLRHELD Bole VoA el AU THE the i0tea Bibaround.
The remaining ragiapshefibelénabd ohsetedtiathbackgrputificd background colour are classified

as the background (FIGURE 8 Item 8.2).

3. If the user has not specified a background colour, the background detection algorithm
will search for a new colour within the image which has not been counted yet
(FIGURE 8 Item 8.3).

4. For each new uncounted colour found, the background detection algorithm will count
the number of pixels within the image with this new uncounted colour. The
background detection algorithm will also count the number of pixels along the
borders of the image with the new uncounted colour (FIGURE 8 Item 8.4).

5. If the number of pixels within the image with the new uncounted colour is substantial
(example: more than 10% of the total pixels within the image have the colour), the
new uncounted colour is considered and found to be a unanimous colour. If not, the
new uncounted colour is now considered to be “counted” and disregarded.

6. For each unanimous colour found, if most pixels (example: more than 50% of the
pixels) along the borders of the image have the unanimous colour, the unanimous
colour is considered and found to be the background colour. If not, the unanimous
colour is now considered to be “counted” and disregarded.

7. The regions within the image with the background colour are classified as the
detected background. The remaining regions of the image not detect as background

are classified as the detected foreground.



are classified as the detected foreground. 18/23 8. If after all colours are counted and there is still no
background colour, the image is considered to ha}/e/%) background region. That is, the whole image is
the foreground region (FIGURE 8 Item 8.5). 9. Re‘?errlng to FIGURE 8 Item 8.2 and 8.6, once the
background has been detected, the background detection algorithm will construct a new digitalized

output backggouyydhfisragiecBlask With-thasamelshara il 58® ak BsuiPLbiiadte Rixels within the
background image mask can take only two values: one to indicate background, another to indicate

foreground. PixefSMsredi: eyt aodSitisTg UBL a0 infhe imghe ke Bre Witk fRecgeteded
background will hayenteiGarkerowash \wiye (FIGURE 8 Item 8.2 and 8.6 black regions), while pixels
where the corre\/s]gJonding locations in the input image are not within the detected background will have

the foregrount VAREETIIGURE BRemhlis® Aroca G3hitdse isherkemueddinirhagrdetirebiiE cartoon

template, the detgeledaiagrabnbaNBING MG BREQRRUChATRSEIR ARG b gigihaliacrndf any. For
each user-provided face image, the detected foreground is the user-provided face, while the detected

background is to'BASEIBA Bihire sapschipsardSH e e thBRIbHNISEs BIXeLevgEtish algorithm to

detect the cartooghameterm Qddinaklaaeakyolintine vmage basesfiscapaeiamplate). FIGURE
9 shows the inputs and outputs of the face detection algorithm required by the invention. The inputs

are a filtered digh3HZEE SHYGEHFANEFATIREY RSN PSIECRASURG AN dhEhfdnput

corresponding bagkgsound iimage: mask: ¢ KakiR o andami Pnd).cRefeirg foudGRIREBIGRIR .8, the
tions, positions and clippings of the

outputs are the faciaé olours, facial expressions, sizes, rota
detocted orignd HLBS, FESRLNGS FBORE S HERIESl Ui T c8 HORRAURE HEHHts Babkground
image mask is alapupeingenadifiedWihtheremexat obte deteded Drigiahédoessionagralne regions
(and therefore th%ﬂ%ﬁﬁ?% r?f th ?eteg(tig ori%inal faces' regions to the background). The invention
can use any exidfi 5 Fc A SNBSS to detect the cartoon characters' original
faces. However, since the original faces are drawn according to the guidelines of the invention and
followed %(%p eea?clﬂcilgggee rr]dngge() %Cgaptg(t)%%té%ﬁt ?H}Q Tet%%?ed foreground contains the cartoon

characters and their original faces, if any. For each user-provided face image, the detected

foreground is the user-provided face, while the detected background is to be clipped away.

5 Face Detection

The invention uses a face detection algorithm to detect the cartoon characters’ original faces
(within the image frames of a cartoon template). FIGURE 9 shows the inputs and outputs of
the face detection algorithm required by the invention. The inputs are a filtered digitalized
image frame (FIGURE 9 Item 9.1) of the cartoon template and its corresponding background
image mask (FIGURE 9 Item 9.2). Referring to FIGURE 9 Item 9.3, the outputs are the
facial colours, facial expressions, sizes, rotations, positions and clippings of the detected
original faces. Referring to FIGURE 9 Item 9.4, during face detection, the input background
image mask is also being modified by the removal of the detected original faces’ foreground

regions (and therefore the addition of the detected original faces’ regions to the background).

The invention can use any existing and known face detection algorithm to detect the cartoon
characters’ original faces. However, since the original faces are drawn according to the
guidelines of the invention and followed a specific pattern, the face detection algorithm can
be simplified to a pattern recognition algorithm which is significantly more accurate, faster

and yet simpler than a general face detection algorithm. Hence, the invention uses a



be simplified to a pattern recognition algorithm which is significantly more accurate, faster and yet
simpler than a general face detection algorithm. I—}gr/lgg the invention uses a 19/23 specially-designed
pattern recognition algorithm as the face detection algorithm to detect the original faces. FIGURE 9
shows the flow chart of an example of a very accurate, fast and yet simple pattern recognition

algorithm yyhigh Garfiendags it thedvanbanpsienacaitetecdionRiganithsorihhed aumchankis
explained as follows: 1. Referring to FIGURE 9 Item 9.1 and 9.2, the face detection algorithm starts
with a_filtergdraldssized image frame of the cartoon template and its corresponding background
image mask. 2. Referring to FIGURE 9 Item 9.5, the face detection algorithm will search for a new
unprocessed unanimously-coloured for((ei)fround se?ment within the foreground regions of the image

frame (ashifdlc&ied Hheiethsragrs Gherbikér Sramelbelitgreme il by YA SHARFRA Y coloured

foregroung segfRRt R erIha VR INeia A G R i caniRide dsnbe it it e sameosripnr within the
image. Such segment may be found bﬁéﬂood-filling" each pixel which has not been "flood-filled" yet.

During "fId88- At ghatiinxpniaadhas SN %¥Snnected pixels (and their neighbouring and connected
pixels in turns, and so on) with the same colour are grouped together into a segment. 3. The found
unanimously-colgured foreground segment, if any, is nqqt\érv considered to be "processed’. 4. Referring

to FIGURE 9'iteBe& B8 S AL URENHGTSR Lthduted P i aHadiog Ao mnt i aVidd detection

algorithm will coginttoe digmiee@iatheriunainalsiiroolowiag feseamintosrgpumaiaembedded within
it. If the number js not three, the unanimously-coloured foreground segment is not considered to be an
original face and? F388° 9% ferring to FIGURE 9 Item 9.7, if the number is three, the face

detection algoritiR@reyyih €anm@ERBEI MRS EIMENtaadidsitretembaddad sagments with the

L A e A e S RS Sl
regions of the image frame (as indicated by the foreground pixels of the background
image mask). A unanimously-coloured foreground segment is a group of
neighbouring and connected pixels with the same colour within the image. Such
segment may be found by “flood-filling” each pixel which has not been “flood-filled”
yet. During “flood-filling”, all neighbouring and connected pixels (and their
neighbouring and connected pixels in turns, and so on) with the same colour are
grouped together into a segment.

3. The found unanimously-coloured foreground segment, if any, is now considered to be
“processed”.

4. Referring to FIGURE 9 Item 9.6, for each unanimously-coloured foreground segment
found, the face detection algorithm will count the number of other unanimously-
coloured foreground segments embedded within it. If the number is not three, the
unanimously-coloured foreground segment is not considered to be an original face
and is disregarded.

5. Referring to FIGURE 9 Item 9.7, if the number is three, the face detection algorithm
will compare the found segment and its three embedded segments with the guidelines
of the invention for original face. If the found segment and its three embedded
segments do not satisfied the guidelines of the invention for original face, the found
segment is not considered to be an original face and is disregarded.

6. Referring to FIGURE 9 Item 9.8, if the found segment and its three embedded

segments satisfied the guidelines of the invention for original face, the found segment



segments do not satisfied the guidelines of the invention for original face, the found segment is not
considered to be an original face and is disregarded, 6. Referring to FIGURE 9 Item 9.8, if the found
segment and its three embedded segments satistiédthe guidelines of the invention for original face,
the found segment 20/23 is confirmed to be an original face. The face detection algorithm can then

proceed to prodiyciheniedwsel alipidmasitestidethin fiettiRE Adinim3ad 1ker Raskeaqnfirmed

original face, the face detection algorithm will assume that the significantly bigger

unanimously-colBALFS EyniestiEsh BRI AR iRt LEhRIFER ofidis Yate is the mouth, while the

other two smallersnapimoushntalowadaseon e sRbadeash witvndhe wantissigst ehigingl face are
the eyes. The unanimously-coloured foreground segment embeddin%jgé?‘%é%%and mouth is the
I

confirmed originSiAEE LY EeLPRAA ARl BgiRRPERLE e & ¢RBIEBISHY of the

unanimously- colpigiad fiRkRakoue s enRilesEe Gadwithni1exGlHENMG 08 R¥eRand mouth. 9. For
each confirmed original face, the face detection algorithm will check the shapes_of the eyes and

mouth. If an eyeSGETHE hEmPFddsbyithia dhs fomimtogaiaHacs e hasdtin etected to be
“closed". If not, theagieskMeUIbURdesesieshiel hegrpatmbbaass: deseyiplians faimmthaetected facial

expression of the confirmed_o,rigiréal face. 10. For each confirmed original face, the face detection
algorithm will caf AR 4R diPontal bounding rectangle for the face. The size of the

horizontal baunging iektengienisdefieatioyidts Mydibianeb reightihwhigoiieopasitionahibesihorizontal
bounding rectangle is its center. The size and position of the bounding. rectangle are taken to be the

size and positiorr OPHECSRRERERLIGREM FASROF AR SH L HES HOAYRAPREY e face

detection algoritima willlcalediate dhaianglieraof raiation abthaifacs frenthihevuprighiknasitimeas
illustrated in FIGURE 7. This angle iscﬁhe rotation of the confirmed origina{ face I12. Fggr each
confirmed origin8f f36& YA PR LR HidHh SHGaHHIR TAPELTRRERE fie'diey B Bl et possible full

circle within the smabesi batsielingd tocianglesed thaf sonfinmert: oigidatidsdekbedacedetgriion
algorithm will theﬂlgge %gcrrelptggn%t}gpnelsthe detected facial expression of the confirmed original face.

10. For each confirmed original face, the face detection algorithm will calculate the
smallest horizontal bounding rectangle for the face. The size of the horizontal
bounding rectangle is defined by its width and height, while the position of the
horizontal bounding rectangle is its center. The size and position of the bounding
rectangle are taken to be the size and position of the confirmed original face.

11. For each confirmed original face, the face detection algorithm will calculate the angle
of rotation of the face from the upright position, as illustrated in FIGURE 7. This
angle is the rotation of the confirmed original face.

12. For each confirmed original face, the face detection algorithm will calculate the size
of the biggest possible full circle within the smallest bounding rectangle of the
confirmed original face. The face detection algorithm will then compare the shapes
and sizes of the confirmed original face and the full circle. If the shapes and sizes are
significantly different (example: different by more than 10%), the confirmed original
face is detected to be clipped by other objects. If not, the confirmed original face is
detected to have no clipping.

13. Finally for each confirmed original face, all its corresponding foreground pixels in the
input background image mask are converted to background pixels, thereby removing
it from the foreground.

14. Referring to FIGURE 9 Item 9.5, after processing a found segment or detecting an

original face, the face detection algorithm will continue to search for and process the



and sizes of the confirmed original face and the full circle. If the shapes and sizes are significantly
different (example: different by more than 10%), tglle/gggnfirmed original face is detected to be clipped
by other objects. If not, the confirmed original facé’is“detected to have no clipping. 13. Finally for each
confirmed original face, all its corresponding foreground pixels in the input background image mask

are converted toRRekevouRsHRIXeIsd teraRbIRMAGRErdffRdka faregiaunt ke Rafesing to

FIGURE 9 Item 9.5, after processing a found segment or detecting an original face, the face detection

algorithm will cotiAgRf88earthf BIOSRAT HrourRsalch BN B his RN 6 AFFOERRISgSsed

unanimously-colggigehtaragresiodrse gmeniahihe fiferrd TRade:frmea: diha fegeasval gegated until
there is no more new unprocessed unanimously-coloured foreground segment. The face detection

algorithm will th&RdFHTEREUREE® Reth 9.9). 6 Image Integration During the “Image Integration”
stage, the invention automatically combines an image frame of the cartoon template with an optional
background image and one or more optional user- provided faces into an image frame of the final
video cartoon. FIGURE 10 shows the inputs and output of the "Image Integration" stage. The output is
an imagegdrame Imgtgtéimﬁltg' igartoon (FIGURE 10 Item 10.1) while the inputs are listed as follows:
1. An image frame of the cartoon template (FIGURE 10 Item 10.2) and its corresponding background
colour, if &hwinz thheloareedptrmitipbagikgeo ted iveage mriasknadtibe liresgebinemen asagotified by the
face deteglion. algol '{%\ﬁ[giﬁlg%m%ﬁ‘%?f&% BEQJEPAJE&?&E’J %9&06{{%%?%9'59@% Qfd%‘ﬂéi%%r-lo Item
10.3). 3. An optional background image (FIGURE 10 Item 10.4). 4. Optiona useP—prow ed faces and
their corr@spondihtiesadripountigagemsasikdasindbiedtedyotic HACRIREUHY detestizniaigorithm. 5.

Detected grigingl [R6eHe g0 306 JFARG OfiHie. CRHOBR MR MG A A M R HEEIRd;QLginal face

consists of its facial colour, facial expression, size, rotation,
cartoon (FIGURE 10 Item 10.1) while the inputs are listed as follows:

1. Animage frame of the cartoon template (FIGURE 10 Item 10.2) and its
corresponding background colour, if any.

2. The corresponding background image mask of the image frame, as modified by the
face detection algorithm, without the detected original faces’ foreground regions
(FIGURE 10 Item 10.3).

3. An optional background image (FIGURE 10 Item 10.4).

4. Optional user-provided faces and their corresponding background image masks as
detected by the background detection algorithm.

5. Detected original faces of the image frame of the cartoon template, if any. Each
detected original face consists of its facial colour, facial expression, size, rotation,

position and clipping, as detected by the face detection algorithm of the invention.

FIGURE 10 shows the data flow diagram of the “Image Integration” stage. The data flow

diagram is explained as follows:

1. A new image frame for the final video cartoon is first constructed.

2. If the user has provided at least a background image (FIGURE 10 Item 10.4), one of
the background images (selected by any possible methods, examples: in random or in
sequence) is resized to fit and fill the new image frame.

3. If there is no background image, the new image frame is set to a user-specified

background colour, if any.



position and clipping, as detected by the face detection algorithm of the invention. FIGURE 10 shows

the data flow diagram of the "Image Integration” Szt fgze The data flow diagram is explained as follows:
1. A new image frame for the final video cartoon iS st constructed. 2. If the user has provided at least
a background image (FIGURE 10 Item 10.4), one of the background images (selected by any possible

methods, examplegich? (26 O5IRCISRAURIRE)ISHESABE B it @BL fill thr Bewdimadeame. 3. If there
is no background image, the new image frame is set to a user-sggecified background colour, if any. 22

1 23 4. If there isSEHEE PR AR BERG RIURE CBIBOR, BERPRETS BedetBretBaRkGHotH E6lour for
the image framegfdheraiteervigimpitairthe new image frame is set to the detected background
colour. 5. The detected foreground of the image frame of the cartoon template (as indicated by the

foreground pixel< Riff5its te s pBdh e doRgroinas b AEQn leewine @virdisdiinal faces,
is then pasted oftie the frevntinage frimen evetanek sohtapedfatherbaskanaipachRIOUTRs tlrage. Edge

smoothing may optionally be done alo.n(% the edges of the detected fareground so that it blends well

with the backgrotfitc'ed Regirahtie6s e eRM3neS BB IRSMSH dMegetiPBEIQYF A PRIARon for
Each User-provileddcRemuatithisodocd e faaacndeteiiedalignabiane bhednyamignnselects the

user-provided face with the best m %ching user-specified facial colour and expression, from among all
the available us&REFOOIIEY falesde .(EE\%"}?%%%& LU AR Rl YA BRGKSEOHSh resized and
rotated accomlingdfeifiag $izthesetroiatispeoffibaidatectediarigiahfaca. EXpydsiactod latkground
region of the resized and. rotated yser-proyided face.is clipped away. Any extra background region
introduced when-th& #RRGES Fatstedf il 8%?13?)@&8\9\/%&’8?%&?3@%&8 SHEr BB ® R ted face
is then positionegtrtitsteougspaOdingidatecied) @ Pnalfehmpestionhsiademeinpdyoinage same
size as the image frame FIfGURE 10 ItﬁnL10.5)1 %.1 If there is a}{wy %Iigéping of each detected original
face by other Obfé(&??ﬁl e rom among a the available UuSer-provi ed faces.

7. Each selected user-provided face, if any, is then resized and rotated according to the
size and rotation of the detected original face. Any detected background region of the
resized and rotated user-provided face is clipped away. Any extra background region
introduced when the image is rotated is also clipped away.

8. Each resized and rotated selected face is then positioned at its corresponding detected
original face’s position in a new empty image same size as the image frame (FIGURE
10 Item 10.5).

9. If there is any clipping of each detected original face by other objects in the
foreground of the image frame, each resized, rotated and positioned selected face will
be clipped correspondingly as well. The clipping is done by removing any
overlapping regions of each resized, rotated and positioned selected face, and the
foreground of the background image mask (FIGURE 10 Item 10.3).

10. Each resized, rotated, positioned and clipped selected face (FIGURE 10 Item 10.6), if
any, is then pasted onto the new image frame, at the corresponding position of its
detected original face, over and on top of the background and pasted detected
foreground. Again, edge smoothing may optionally be done along the edges of each

pasted face so that it blends well with the background and pasted detected foreground.

In this manner, each new image frame of the final video cartoon has similar foreground with
the corresponding image of the cartoon template, but may have an additional user-provided
background image and one or more user-provided faces superimposed over the original faces

of the cartoon template (FIGURE 10 Item 10.1).



foreground of the image frame, each resized, rotated and positioned selected face will be clipped
correspondingly as well. The clipping is done by r2e3n)9}/ing any overlapping regions of each resized,
rotated and positioned selected face, and the foréground of the background image mask (FIGURE 10
Item 10.3). 10. Each resized, rotated, positioned and clipped selected face (FIGURE 10 Item 10.6), if
any, is then pasted onto the new image frame, at the corresponding position of its detected original
face, over and on top of the background and pasted detected foreground. Again, edge smoothing may

optionallyTBE U8 AiBAY e werEerdtedhe BOHEPLBURS I NIRRT RS felifackground and

pasted detggted faregteend stadhiF TGV RES Ragh3ew bnage fiameef shefinakyviziee)castoon has
similar foreground with the corresponding imaﬁ%g of the cartoon template, but may have an additional

user-proviBRYs SBRGHSHRY Al aRdUSAeCSH Rete iseranatalmead upemRREsed GVt ine

original fag@snob thescanonndeaupiaisufdl (pAdREaA8 HesdlRidne e¥RdrdvidddRE& shows two examples
of the three corresponding output image frames of the "Image Integration” stage (FIGURE 3 Item 3.8,
3.9, 3.10 and Item 3.14, 3.15, 3.16), for inputs consisting of a video sequence of three image frames
of a cartoon template (FIGURE 3 Item 3.1, 3.2, 3.3), a background image and two or more
user-provided faces. 7 Video Production Referring to FIGURE 3, each image frame output from the
"Image Infegratioidgaderediedifibied in their original video sequence to produce the final video
cartoon. r-of i ' b IS therefqre the same as
hatof e o T e Eeioon i the
process. Steatideftomikedistibnthbidasarequpnemip predubethindinoliipdeotanednvditoiriencideo

cartoon with Ysaraprovided SHRENTMASEA ACRR RPL BBR AL e MiRe 1O&IRIFHRS the invention

will be filed within the allowable period after the filing date of this invention is issued.
original cartoon template. Optional audio may be added to the final video cartoon in the

process.

Starting from a distributable cartoon template, the final output of the invention is a video

cartoon with user-provided superimposed faces and backgrounds

CLAIMS

The claim of the invention will be filed within the allowable period after the filing date of

this invention is issued.



