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
cartoon chara within an
image frame of the vide2t! . ! o 1y MMALE animal may be
superlmposed on each cartoon character Each |mage frame with superlmposed faces within a video

cartoon is;cih : 1. The cartoon characters for the image frame have
to be ava\a*aa g Iﬁafmﬁi rehand by any other methods. 2. Each face to be
superimpgged NaKaE IR ReRSIRCIRERm-anRg Al ayatiabledases 4 beiheisrierkiagsand 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 1. For each image
frame of the"{H8R XTSI st PRAPYINEPfBRAE A daings ebe played one after another. A

cartoon character refers to the image drawn 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:



manually selected, resized, rotated, clipped and positioned, so as to fit the corresponding cartoon
characters. A background image may also need to he added. This process will generally takes 20
seconds or more for each image frame, even for a Very experience and fast computer software user.
Even if it takes only 20 seconds for each image frame, it will take 40 minutes (2400 seconds) to

produce a one-nupéa{binsecaafR) sdurrtinasddansataansuitiidgd feamesaiadranme rate of 2
frames per second. 2. If the superimposed faces have to be changed, the process has to be repeated

for each affecteBHEOW figRseedrresirrbantaiediiinRrd dshreritianadsecd thdroduction of video

cartoons with supaERASRE @erPIdhHEINEFISKIBHERBIS MM SRIMAN GRS Aleaioen stri@cters,
drawn accordin%to the guidelines of the invention. With the guidelines of the invention, the invention

is able to detect ahd PERTGA B HBENGHRYINAT KSR 28 SPIRRIS SN THASRIBAEASHTFBIT- SXEMIREY, and

superimpose the,ggyegReiRHHRMLMSEisPtOVIatfacas axelidhie B eaf ie ethakWith yheinvendetodifferent
users can provide different user-provided faces and backgrounds to the same distributable video

sequence of carfG6h Dhaga dianedt pribiaks @W&Fﬁ%@ﬁ%ﬁ REFODfe 0BRSS A dly .

International Patgbid9P20286R Tiganathiwinmethaddaranke matic g premietigns bawever, it is
different from the invention as it uses "distributable styles" for editing user- provided videos

automatically insﬁ%cé’ﬁfland offers no specific provision to detect and recognise the faces within the

videos. InternationaleRatRAnyow0a2&I i aobeitin fed drrRvpR@dhehmautbeatpadarr fordced face
automatically withjn a video, while China Patent CN1710613 is a method for drawing the facial

expression of a G8&FFFNAEE ¥l 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 prqvision tq detect, recognise or replace the faces within a. video. 3 Japan Patent
320020058 PR UL B0 B 9 8 B BRI b YRR 20

superimposed 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.



real human face within a video with a user-provided face automatically. The invention is different from
them in the following ways: 1. The invention replaces one or more cartoon characters' faces, drawn
according to the guidelines of the invention, while fapan Patent JP2002008057 and US Patent
20030228135 are designed to replace a single real human face. 2. The invention has high accuracy of

detecting fhe\ s P10 INWFXIELHAGRS DSARUsE: 10030aRPRsChamtiehsfas@starecpiaviuaccording to
the guidelines of the invention. Japan Patent JP2002008057 and US Patent 20 03 022 8 1 3 5 do not

have suctica!figmaadacs adihir aaidec sttt tsrseeyided fites SrimrHEMN T W HbIPd ect. 3. The

invention gegagRigesSHa Rt reRIaae FANKVAMAIR cartoon characters' faces with their corresponding
user-provided faces with high accuracy. Japan Patent JP2002008057 and US Patent 20 03 0228 1 3

5 focus on drawing the face of a single person with no provision for accurate face recognition.

OBJECT OF [THEWN W60 Nplhesahieciieso i@ biventiandaie Rsdlnwen heddigiip/antien aims to
automate and speed up the production of video cartoons with user-provided faces superimposed on

cartoon characteé?&d¢hRei iR ENa8e "an tbandriattdf tHIAAN 4 red SohBRig nanual process.

For example, to progozEs i oae- Mikiie:duwatpriddesmedtiaaniaingafiauoes per second, the invention
should take less than one minute when using personal computer commonly available in the current

market, compared'td e HhtA HEtASRRich dSFENRs M5 SHHORCBRARTE 22485 R50Rtion aims to
be repeatable foindiffatenh uherapravidaceiaaesianth haskareg psitelRisdallavsothdsaivenisieo
sequence of cartoon characters to 5 distrib teg to many different users. Different users can then
provide different RS URRf 5]5‘?:%‘? §§| Ji3he ;ﬁ%‘\}%ﬁ@g&%b%ig%‘?%%‘?ﬁ%ﬁ%? &rs to
produce many difterent firahvideompiieansd Acttondistal biipradacing andpdistohuting video
sequences ogca,ﬁ(l)on characters to ,differecpt users may then be created. 4 SUI\/LI\{IARY OE THE
INVENTION - € 1nvention recognises and replaces onc or more cartoon characters’ faces wit

their corresponding user-provided faces with high accuracy. Japan Patent

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.



In this document, a "cartoon template" shall refer to a video cartoon, containing a 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 automatically. In this document, an "original face" shall

refer to thgmegR%Z?fg?"“ ;:MVE:N@{W template, which is to be superimposed and

covered by a user-prov n ocument, a "superimposed face" shall refer to a

user-providegifarRwtiah StReiiaPrRses asd taveksdhe arigng dasssf admutary ahafeiRiewithin a
cartoon template. Within the cartoon template, the background and the original faces of the cartoon

characterSf SHEURGMECESFNG IS 638 BS: %‘éﬁ#@g‘?ﬁlﬂfﬁg‘ﬁ‘i\yeﬂﬁ%ﬁ‘?r’l‘ﬁ’éeéﬁi b RvaRERhed to be

natural angfgirepiederiliavwdB it RabugtigrinrrdTacas ditionosast Mphatarinhieo iRctiged when
the cartoon template is bein%}?istributed to different users. According to the guidelines of the invention,

the cartoSABRSAARRLSAREEN st s Myt ereainh YedRpIsREGRay Rl Bbmpleted 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

superimpH5EYSHIRERE - Ao SHEAAI e StHe Belek drdhindenud Arag e £ hiarFh St Ebiour
detectabledpién kashproUwdideiecior algerithpdsdhenguidalinasohthsinyenign aleyy 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
algorithminTfigsinyentiont Avalygsiipsietecien ghunarimeusiycegiauedd egionsibackgrounds and
original faces) within images. To ensure, thaf these regions aye truly unanimously-coloured, the
invention SAEFEB) BRI S BRI A5 TS GOPEHHS (BB RB S M ering and
K-means algorithm) to filter away the noises and slight variations of colours, if any, within the
seeming| animously-coloured regions qf the images. 5 The inyention can use any existing and
own balKBFBLIS SHGERRTARUFAH ROSHErSEPth MRS B St i BABRGP R B images.
The remainingyaegiarcofdngioage fidtielines of the invention. The 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.



detected as the background is the detected foreground. The invention can use any existing and known
face detection algorithm to detect the original faces within the image frames of a cartoon template.
However, since the original faces are drawn accordslng to the guidelines of the invention, the invention
uses a face detection algorithm specially-designed to detect the original faces. The specific face

detection TalgafitiNda sianifieantyaeigeastikaiyiasial 2oghvelsinniarabandmesasatdegr detection
algorithm. The face detection algorithm also detects the tacial colours, facial expressions, sizes,

rotations, PESHBANS HrePiayishicheinwngdrghiantgess Thedrmaniegfediathpdidagorach

user-provigegdfares the sirepwiindaveno mpesdy piagishs@lour and a facial expression for its
corresponding original face. If not, default facial colour and expression are assigned. For each

detected original face within an image frame of the cartoon template, the invention selects the
user-providgddees itk dhe festyerishinthhsehspadiieddtasialtoiotriang ©duiessiap ofidmselected

face is then resized, rotated and positigned according to the size, rotation and position of the detected

original faA@8SSYHBA {ReMARR S P tRe Aot iemiAlin A acs By sitre o RbrbdhtoBietss of the

image framewthectosined isetrtedidndResitioned rlectetkfacemilbeselippeck aseaidbagly as well.
Similarly, any detected. background of ri%we resized, rogited and positioned selected face is also clipped

away. Fof eEm SR HAEGH AR (ansti EIR SRR 4 HER cone Spertinti indgefame is
cogstllrlu%targ&nmhﬁﬁ @ﬂéﬂi@@mﬁﬁgﬁa aaagm%ﬁwﬁamyegaﬁkgr@unﬁqimg@%rmm iBeeshze dI to fit
and fill the new image frame. The detected foreground of the jmage frame of the cartoon template,
less the d@@éﬁ%%ﬁ&ﬁ?fﬁf&c%%??&%‘é&l%%%%% Lfi%‘\%%t&&i (é),{oﬁ)’\l}% 21?1‘8%6&8‘6%‘?‘%%

backgrousigdmagesifnanyesinenselecigihpiasizetikotaigthapasitionedinng clinped wagtnaeovided 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 segpeneriapyegtsadbe tioal thddsercaitianysvidhspegityrimaoseddreesndptiacial user-provided
audio, if any, may alfso be added tg.the final \{igeo Cﬁrtoon 6 Bfil F I?E CRIPTION OF THE
DRAWNEPression for its corresponding original face. If not, default facial colour and 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.



FIGURE 1 shows an example of a graphical user-interface of a software program which is a preferred
embodiment of the invention. FIGURE 2 shows the overview of the invention, with the inputs, the
output and the various stages of the invention. FIGURE 3 shows examples of two different output
video cartoons of the invention, produced by adding different user-provided faces and different

backgroum sﬂE mpﬁw @Fpmﬁﬁmiwwssexamples of the correct and
i hé car

incorrect ways or drawing the original faces of oon characters, according to the guidelines of

the inventigaURE WRB R sshowa ApIexampla i methasierasrangingrihe cyrzand wiauthsaf an

original face to resemble those of a real human face, as well as for determining if the arrangement
resembleBTHEHEH STPRAOHDARARTIREIFBUARE 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 acE8FHifS thevgt e mesvEY iRsdRtcH i BAURES ORY s s HER ARt Whie%Smple of a
backgroupd dstectiralgaighm 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 Wity eR&@BRIRSWAS ditainpletsoing OutAvEsa @R kid& Faawsnhef dataflenidingramuet dhe

"Image Integration" stage of the invention, for comhbining an image frame of the cartoon template,
user-provpd’e?iﬁé%gl Beﬁtl.’r%lﬁpﬁ?&ﬂﬂggaﬁﬁ%ﬁﬂ%q]ﬁgrﬁﬂ%@ UHHRRGESHAMNE ST AP Butput

video carieaiplatdDESCRIPTION OF THE PREFERRED EMBODIMENTS The preferred embodiment
of the invention will be discussed herein after in detail with reference to the accompanying drawings.
While examples are provided, the invention is not intended to be limited to the preferred embodiment,
but is to bEl@tIRFdechiheswidespise@Pehe 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 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.



consistent 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
computation power. FIGURE 1 shows an example of a graphical user-interface for the software

Cartoon S R N O Y PRI RREDH NI BOBIMENTS o e ©
unanimoupnRaRkaRLNE FRMULERE thercaroan BMmmiate: (RGURENGaMRE-Rpdctad)winOptionally

supply one or more user-provided faces, where each face is in the form of an image file (FIGURE 1

Combo-bE{ereRE RSABEXPAYY N erBARLRE 1 LR STRIRRITR AL BIATRN NN ERE BBRY colour

and facial g¥paRasivBe Mhiiscaqt expprRAineE S aHMNI RATABIRNS riginat dad&] (htGld iRkt L epenbo-boxes
1.5). If not, a default facial colour or facial expression will be assigned. 5. Optionally provide one or

more backgrosisaiMLges QL il RRITARRB SisdREEheisi 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 Texthox 1.9). After the user has provided the inputs and clicked the "Create Video
Cartoon” bOft8FFIEEieS SRECHIRSR Pl ImeLbiotvird (YOgHh I YALKR CER BRI &Rton to

automaticalypemiiae e diseiinpsispinteithepinal o puhvidencarivap vk e dorpagedifaces.
Referringé%the overview of the invention shown in FIGURE 2, the invention will automatically

produce ARGEE T RUHRW IR OO RFPALe Mt fShs P AR RS Vg B Gt Rd disoYs Acartoon

template ¥x fhgpfon Df@phded ueQnePidN FEBPtoNakusrogiaridethéagashivhiaiseagbface is in the

form of an jmage. 8 3. One or tional background images. 4. An optional audio.
allowg a user to prov?({erﬂle ?o?lgwcing inputs:g g P

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.



Referring to FIGURE 2, the invention consists of the following stages: 1. Production of Cartoon
Template According to Guidelines of the Invention ((I;IGURE 2 Block 2.1) 2. Specification of Facial
Colour and Expression for Each User-provided Face (FIGURE 2 Block 2.2) 3. Image Filtering
(FIGURE 2 Block 2.3 and 2.4) 4. Background Detection (FIGURE 2 Block 2.5 and 2.6) 5. Face

Detection (FISUBR 281K dplibfal hadetnisgiation(FIGURE 2 Block 2.8) 7. Video Production
(FIGURE 2 Block 2.9) Sta?es 1 and 2 are the "Preparation Stages" for providing the user inputs, while

the remaining- staB@BUPRTAUIPthe "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, R7&52ak B YoHRELall inentiondeniss sdbritdlparassassig 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” staglgs of the invention one after another. The following sections will

explain each dtaddWHiRMERRBROM Isppiationcor EastHutdniprselAle Srurmgies EliddRies of the

Invention This is 2 Breparation stage for providing the cartoon template. A cartoon template is a video
cartoon containing a videa sequence of cartoon characters which can be distributed to many different
users. With tite imRETHATQre it S CAn AP ARFERENP U SE AT BIETREEAE Htitground images
and audio to the gAIGTRA OBILIRMEIAte to produce many different final video cartoons. FIGURE 3

shows exam[())fs of the images frames of two djfferent final video cartoons, "Video Cartoon 1" and
"Video Cartooh 2™Br5di Eﬂwg@%?f@fg aée?[l%?o%?ded faces and different background images

to th_e same cartaueikeropiat® Qe MibileieURE oMl teplata¢anshe produced by any other methods,
within the carooR, . betection (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 “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.



template, the backgrounds and original faces of the cartoon characters must be drawn according to
the guidelines of the invention. The guidelines are designed to be natural and simple to follow. Being
only guidelines for drawing the backgrounds and original faces, no addition cost nor effort will be
incurred when the cartoon template is being distributed to many different users. The following
sub-sections explain the guidelines for the backgrounds and the original faces of the cartoon
template: 1.1 Guidelines for Background The cartoon characters in each ima%g frame of a cartoon

template W& CAHACOISTPRETCHiRE R1dEReT it AL, meteAdin i ithiB B B PRem 3.1. If not,

the backakgndE)ust P& RedIABIMAY G TROMESING AchiIghiicant RAEIOM (SXBEHEYMore than 10%)
of the image, as shown in FIGURE 3 Item 3.2 and 3.3. Furthermore, most borders gexample: more

than 50987 eHHASLYE BUARRFOR PGP ind i otdehaEk aFo dRt B0 et LRE 3 tem

3.1, nonesphiisaolIrswcBHigoOMoeiihamadtoralris erdrrsatRereiatr Rhav@itingl #mesohds colours
from being mistaken to be the background colour. With the guidelines of the invention, the

unanimodl§Lueie RN BREKgFbURY e npurebehendly shdoomsamlytadibeing St mied dPound
detection alggriierchhe @ele atRe foIMARAOLITIYsERlobk F Raiekgrosiid Ry the thee sepiasestiby an

optional user-provided background image during the "Image Integration” stage of the invention. 1.2
Guideline¥¥b ﬁ%ﬁ?k%@%?:gt&%?f‘d&?‘@ﬁﬁ?g rs 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 Y F 4t E?‘f}‘gﬁﬁﬂrﬁﬁginal face of a cartoon character must have two eyes and
one moutithiulyeoibeatdesdsrthirdbieifacge Taméwd eyasdnddhemeuthyase drewnashpipedsentative

the ayos AN BURHLSHTCHERHS A TREANTS AL Bihan A e P SRS BLS B S Btacho,
have almashfixeoushapss asvtaizes. sWitititaat pyaieygsxantpitre meuthathBie \sonthaeedderasther
facial featgg\%hﬁne l@f&dﬂ%%’ ﬁgm43:!'£)and 3.3. Furthermore, most borders (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 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



Item 4.4 and 4.5 cannot be original faces because they have either too few or too many segments
embedded within them. This also means the eyes alnd mouth must not overlap or even touch each
other. 2. Referring to FIGURE 4 Item 4.1, the origina0I face, except the eyes and mouth, must be in a
unanimous colour. This unanimous colour is the facial colour of the original face. 3. Referring to

FIGURE 4 Itefad 4.4 theimauthhividehaisianifiaastive@ragrhameachieve dytnebeidemaly large
(example: between 2 to 10 times larger than each eye). Hence, FIGURE 4 Iltem 4.6 cannot be an

original face BCBERS TRRAICH & HBFhRFHPIaldUsESLER2ES e FESABHIMOURBSHYG WHERBURE 4
Item 4.1, the ¢yg gy esuonisidberafdhe similar size (example: less than 20% difference). Hence,
FIGURE 4 Item 4.7 cannot be an original face because_ the two smallest segments do not have similar

sizes. 5. Ref&Hg R tdURERE TR, 2, b S Rasi v 1 i SPb gty thath St Re BiVEDG ithe. full

unclipped cirg@airsizeRfdbe@ligmal faeimust cersinhienthesmpiadeabhdandace riexample:
between 2% to 40%). Hence, FIGURE 4 Item 4.8 cannot be an original face because its embedded

segmentsar& FOF LA lﬂﬁﬁ@@tﬁé?&ﬂéﬁ@? EleRE U R gy e RS Bar s oYRal face

because its esapgsidadrepgeniseAe iapieigbevRefeTHod dQifrés UREeditene 4H e fog tWeneyes must be
big enough tg be visible (example: each eye shoulg contain at least 25 pixels for a 320 x 240 image).

If the eyes aFe 00 SnaiicthasP P BEPRLtQKEAL 458 G EUSEiIdEEe BrPritsraenbltisy fOYSH-pass

filter during the bémagadutiering” stage of the invention. 7. Referring to FIGURE 4 Item 4.1, the

shortest d4stance between &ZTe twg eyes néust be far enough to Céommodate the size of another eye.
S

Hence, fofFICURE"S e A8 Bt e s Srin iy A RV SIS S e RIEG SYBHRE SEC SRR S ritital face. 8.

Referring to H@lURE Hilkertd), theivs EXESRE anefignaltacebushugivithersabecananiyous
colour, but distinctiv§ y different colour from the facial colour. Hence, FIGURE 4 Item 4.10 cannot be

an original fatE pRRA{Sh SEE RGBS AAREH BINBSHBLY YeGiments are in different colour. 9. Referring to
FIGURE 4 .It&eférdn ihe FIGURWithiran drigieaifacemtéstiwaeeesand the mouth relative to the

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



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 olriginal face may be required to be the same
unanimous colour. However, this is optional. 10. Reflerring 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 Iteahfol beldn 6ABMAI PR ADcRLIgHP Ahdasmpesabseoles Fanarmeniaidseeyes and mouth
does not resemble a real normal human face. The invention can use any method to check the

arrangement'8iaH e A NP IGLINBRETa5RgihRF 1AXEN R CARESS ARHISHARLITRRTE B such a

method and ig-explaingd Fxielgwsadd o e ERMer $.06 tNaVREYsSIRIR sAhanaathRasizontally,
with the mouth to be placed below thgtfie%es FIGURE 5 Item 5.1). The "center” of an eye is always
al

defined as th&*BehRFBedadss srld Bo%tcond, 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 are just within the square (FIGURE 5 Item

5.3). 10.4. Lastly! Shle IGWer MaSPtRE BhHBFJP Syfares 8 EPRRING IRRIL et/ifR hhe SRgHB LG

sub-regions (FIGURE %dtpnicaddebo aseyileracem bumam face, The raentidy obthea eyiginal face must
lie fully within the lower half of the enlarged square, and fhe center of the mouth must lie within the

middle rectangular suBPERYSHelRGAS G §eTUEh e MBTthel IS also always defined as the
“center of mass" [@f. 2he geewih; 4 dqubieisizensirdcpasition iof @p iginal dase areciisnagiuaksize and

position within the image frame. 12. The facial expression qof an original face is the descriptions of the
appearances and shaptd' e thEns 89 Sﬁﬁsr&(}&”lgﬁ ﬁ%efﬁcsez he invention can use any method to

describe the facial. @xprassiomeriabiRE Ensiigus fashexa e Ofspohiameinadil wherecekang
rectangular eye or mouz}rhe |Jsu sﬁo‘gﬁ'qgr&g Sa(isuglrgs(%%wﬁiﬁe Sa{{ecr)rtlhgg);hapes are considered as
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).



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 b8 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 moyte Qippie:facennaveasataied togethatiabevtihe epriemefdheifaceadetntivade the upright
position. When the face is in an upright position, where the centers of the two eyes are horizontal and

the mouth betBIFHdWRS &Y€, RSO iE Yerrauitel (EISUIREAitahs- 1-.3)2 #9428tk clipping

of an originalyfiaer égitigaPaitial SOMR tAesEhhilecariging face v atheirARIBCES ppEbD parpdmage
frame. For example, in FIGURE 3 Item 3.1, 3.2 and 3.3, the, black original faces of the cartoon

character witH H'RAPBYEERPSHERGS Hippey By cHenssk. the trécligddin Pyt sdeEYSHOHH bEXlipped,
the original fagampistinefalyrom culaimPor, 8xample sinte @RE&idilentaded o8 Baddoh the grey

original faces of the cartoon character in long skirt are fully circular and therefore not clipped. If an

original face fRRSFGNY lapeuikitbfei b Gl ot dbebs Ithiergtjeres: tier pskrimabBssdace will

also be clipped and padiadyweve ey jhrseretiey oiacts;dey, exanpieinpsILURE WillemRo 3.8, 3.9,
3.10, 3.14, 3.15 and 3.16, the su erimpos?g,f ces of the cartoon character with a_hat are all clipped

by the hat, ARSICIREFFA RAEHAILS A RCFed R DTS ALIFCARISER 14 BarRige ™ HHHRE 888t to

compute than gty shapsslike sllipsadnd yahi sanestiblael fikesarerd bittoan bieadctbwlthe original
face of the same cartpoon character, except the eyes and mouth, must be in the nanimous

ame,
facial colour T8 A1Ftfie SHRRSE RAMEI it e Rh a5 TERIS L r‘?ﬂrgsﬁﬂbﬁ?a‘ﬂﬁﬁBBegf%&ﬁ?erent

cartoon charagtasdnustde inedistnalivelypaiderantoteasiieuskdasinpcoloidrsetliisaalloNs®kch
cartoon charj%ter to#% accuratecly recognised by its facial colour. FIGURE 3 Item 3.1, 3.2 and 3.3
show that thé'€aASSH BRRRERSAYrawn with a black original face is always in trousers and with a hat,

while the ofieTdeawviitvitiiaacgseyholginatiaeoischltaysrjrtesgr Skirtyes and mouth, must be in
the same unanimous facial colour for all the image frames within the cartoon template.
The original faces of different cartoon 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



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 twd 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. InctagliRs @niRPiAnalifa GNEeMRRhtibe. AsRIRseMaNtiofiRe: eyeransionauth fmrndhe center

of the original face (as shown in. FIGURE 4 Item 4.2) can be used to indicate facial orientation, for

example: MR RGOS e hrireisipestnpegrd L ugi PiREIdf frts bRt Atethigintlwhile the

original fageddah@lsAResERREEHIRIRARY WAL Hhimeyas and Mpwhsapestnpowan 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 Ravengriginal feces.dravks ascaiinddndhenguidedinasiafdherimeantienionhil fhaden-original
face of the leftmost cartoon character.in mini-skirt is not drawn 13 according to the guidelines of the

invention 2L EHEW SRS BRE S ogBHF 4 BY4ha fopsdaisstipndisngingt £idbs Wity deperimposed
by user-praxisiedipeese Wbile dhenooradginal sfarecofithe deftmaptcrrqaodharacEnincabbakirt will
not be superimposed. As long as the original faces are drawn following the guidelines of the invention,

they can BEPBIA ARG ML Ara¥ d USRI LEs Bl $h e Risss QU8 BRI G Ot Mkntion. To

further impireveatiecacou raiyhé detechingiipecorREhasiginel fasese produasr shthe-aaitoon
st not draw "original face-like" objects with similar colour as the actual original faces

templates also

within theO(%‘t‘bag]rfat‘é%plate. Such objects may be mistaken 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-provided
faces, for each user-provided face, the user will have to specify a facial colour and a facial expression

for its corgpspongipecriginabiaest Haghli@ivierta Wikpreigioh o Haridgaiour and
expression. Future enhancement may even
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.



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 assumagtienh@didtiha GoRvIeRlieNal dHright fResbioietdgnesn tBRIgdeNR waediie aaesifihthe rotation
of the user-provided face, unless it is not upright. For each user-provided face, its facial expression for

its correstRsHiRgIOMRL I FRIE SR OB Y e ariedRak e 16 trerriRgHedNsdrierscddac b e IR b

expressiof o ignal faselsE LRy RIesHF- s RsRFRRIf s e ifdestiRedspecareinadrIFIGURE
6, the specification could be: "Both Eyes Open, Mouth Closed", "Left Eye Open, Right Eye Closed,
Mouth OPRIRUrol LSt BEsUnteC8s s s Eteddveialotiame o 48R in FIGURE 6.

14 Whendghiectaventiandesectthaniiginatpossisib the sarapnsienplatgeliilbalsesdeteciséie facial
colour and expression of the original face. According to the detected facial colour, the invention would

shortlist PGPSIsbFasser i diseiasRactidsdithcipbenlobeaaida iy shismgtixeidstedtddeittnere is more
than one gistinetiverdateciee fpeial ol oure fafcaaeh idistinGtiveorietected daaial faloumadhg user is
responsible for making sure that there is gt Ieast@one user- provided face with a user-specified facial

colour neSPYYFHSPRRIMER I Hasdlefenied dngial SRIGPT b8 SR TR Rk “tfe user is also

responsible for specifying a facial colour near enough to the detected facial colour of its corresponding

original faces. Among the group of short-listed user-provided faces with the nearest yser-specified
facial coloWOl%e \%ﬂHBrﬁ’é\?ﬁ‘l%E{é%? MER é&efa‘?fé%ﬂ?ﬁ H‘?érﬁséé’[sﬁﬁa%%?ﬁlf&%&?l ecified
facial expeorsiontacenedingnte thedeteaieddacizbexpeasionith ihersesr enindiok Mesiespesticdatches,

the invengé)ﬁn m%select an% one of tr\aem For gﬁch,ulser-sgecifie gfial colour, the user may choose
to supply AR HUHRESH R S HBRP S deiepisl ineial e itk affdh i TR BY SRRk Pl
expressiomatdbeyitisiyy ¢htherenis, earR@na pohe onehuserovidedidacepdoifiaditrispetiiedfacial
colour, it will alway%be selected when an origjnal face Wigh IS . N

user may-choose to supply any number Jone or more) of user-provided faces with different

user-specified facial expressions. Obviously, if there is one and only one user-provided face

for a user-specified facial colour, it will always be selected when an original 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



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 usér- provided face with the best matching
user-specified facial colour and expression. The selected user-provided faces will then be

superimpasafdon the GeiresRMAGibg ORIacteslasiginahiaces MEYRES ghowsiasamrigapfihow the
user-provided faces are selected according to the user-specified facial colours and expressions.

Referring TPEIES IR B 3 it 278 9peanlauth (HlosesrioblF Refarikt IR GIHASUSFEPBIEHSAITREdS and in a

long skirt jlgGeteeteditonavefasial RPresriow afoBetihy 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 1", this user-provided face has to be used irregardless of the facial expression. Similarly,
FIGURE RéRisk3 RRSURBS teesl Jar, Ml ECARROR & cafkfethnchiee iR Bidkemdal and 3.2,

the cartoon character with a black original face and a hat is detected to have facjal expression of
"Both Eyd&®ash Mot ichihentntshidhrrai RnysEarprsidbrsanssdiefaiRe 3dm 3.6 for
"Video Carigen Hehw, G REAdballtase 3 dothriaariapachasasierywith asblasiadeinakiags and a
hat is detected to have facial expression of "Both Eyes Open, Mouth Closed". Hence, its matching

user-provietly PR CRISORE 3teny W ihELR or "Video Cartoon 1". Referring to FIGURE 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 with a "Pink Face". Hence, the pink original face is not being
superimposed by any user-provided face for both "Video Cartoon 1" and "Video Cartoon 2". 3 Image
Filtering The invgRiipnd PR$iBe detection of unanimously-coloured regions (backgrounds and
original faces of cartoon characters) within images. A region within an image may look nearly
unanimoubhg-tvleriied toviiEds ihsaleiegBonaf thew meaylliagdoyed pegippidbsckarppngdstandf another

colour) ang;slightyariasians: o celpvsisomstimesagt disingpishanlfiuine URaY Ry The "pepper
noises" and slight variations of colours may be due to errors or

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 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



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

variationscep aalobr iltE ARY aWithim g seeminahn WhaDIRRY NyHaAl el ek reaian s RAAMAGRSy- The input
images are the image frames of the cartoon template, and the user-provided face images. For each

input ima§eloHEd d6&8BH ShURYL JMsssis HrBilATy HitBFanHidgRShtaRdsabparsaLe it Ro

variation @fecofagighvwiitiatitsny oasinsigalowad Jrgiansu b she-algeithm asumodify the input
image as the output image, it is preferable for the algorithm to output to a new image identical in

shape analg%%tf@iﬁ]ﬁﬁmﬁ?ﬁqst@éh?wlf Pl IRB A SATHERY abaiRSTor later

usage. While tiaennveitio bagas Usedany ko avedavh PR flighcapaliBg iltering 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. Thelinveptigtpeaindse &yl keavditaledr clusteringealgarithndén capplie, o filtering away the
slight variation of colours within the seemingly unanimously- coloured regions of input images.

Similarly, if the ifRIHHL Y RF e Rr G IRRSAtSEELD A &L RARMOVSSations of colours within

their unanimqusipheqteHiEch $ @UOFih BRI HSIRI g R Alse e BidPRed: FhExpmalaglea colour

clustering algorithm, "K-means" algorithm, which can be used by the invention, i plained as
follows: 1. Tgr"e T P T I R G E e IS oo 85?86‘8??18%|§7§,>éb€fa%{ea?§itized
user-provided fagecknage awhichijgdregahdgpepper noise”. 2. The K-means algorithm examines the

colour of eveérly ;?g(el within the input iTa e. 3 Pix%ﬁ of the iﬂe_utﬁlma e with very similar colours (for
example, only 598 LiYEFRHCE M ESISHTY earfgﬁ)ﬁﬁ@ SERRSE AX AR RIBAYS Y8IHF RO Bulated for
each group of pixatsouifuvinngimilesmsalattes (®bd e mitpulol thagepis congl uctadiiorhavielastical to the
input image at firfst. Howe.veE, . . . .
or 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



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 figplaiyswethigithie: unRMNHRRYENN ERIYIRIHRDIRE S0t Beeka b Detedidnnknejiiention
uses a background detection algorithm to detect the unanimously-coloured backgrounds of images.
The remaithi isdient BFQqu&éé‘ﬁéﬁtaét’ééﬁ?d 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 frafi® SRR AELIStRY IS iR BIGKRE Dharkekosey dstegtmralertitan toglitistthsce image

(for FIGURE#BIat-dofdufearimrafianesiofihesantoon iespiaie hadiseidamedavmespecified a
background colour. Referrin%(]tso FIGURE 8, faor each input image, the corresponding outputs are its

backgrouHtY ¥istr, HEHRERAmesdlRyroititiahitgaanads 972 Ragkaimydieiedions: the

backgrouasagianwaich the fiasegeawidregioanithie origMRvingidtirnagsdmkent wwmedified for later
usage. The invention can use any existing and known background detection algorithm to detect the
unanimously-coloured background of an image, drawn according to the guidelines of the invention.

FIGURE 8 showsHb®diawrshadtdiat axappirioh sthackgnoumtdeieatiam agpibhne whiah ¢an be
used by the invention. The flow chart is explained as follows: 1. The hackground detection algorithm
starts with a filtel& C&Féﬂ%‘?ii@&ﬂlﬁ‘&g8rf?a§r‘}8r8f‘ t&BFf‘(fb‘ﬂF'Fé‘rﬂ%ﬂé‘[%‘? ieP8E dBitisdde

user-provided fagerpinagiahwpictetinbe ToupUiatiig pregediRpC URERRIHesing " stage (FIGURE 8
gﬁ)r: 8.1). 2.1 tﬁ%ﬁfﬁés@ﬁ spec_ifi?d %a %a%%oun c%)our, V%Iﬁat\gver regions1 .ithé]r%theaggggg and
g the bortler btRSTHAZR Wit TR 1 BEP S RUctP BACIY R BB e b Uity
along the border of the image with the user-specified 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.



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 detqetipaigRutBaulk AlseheUMdiR-RUNBEN abPixalsralarucIsulereens.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 uncountSHBRE 18 Atttk esaupAsRe tRord il e Bpinénaes ipibadfigimide image
have the colour);dhi®neYGUIRREReheRUr 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 rRG&HREIQ (RS MIPBRanE69, SnerdhpRasksyibhrebserdse W dndmage
have the unanimqus Goladr dhiecpaRiInRUENCARLEIS eaRsidaeedmathipdadiepaetha haskaround

colour. If not, the unanimous colour is now considered to be "counted" and disreﬁgrded. 7. The

regions within thi86geeslioy hehs0gr ShRe AR sizarns dhsdomud Bashe P BEte 8 B4Rk ground. The

remaining regionseidhriidage-aahsaiesh askbaskgiaonchiase dassiiadiratheadesesiad, foreground.
18 8. If after all colours are counted and there is still no background colour, the image is considered to

have no backgrathdFE SR Ak 184 Yol & G S gENE AT SRS G RN R (FSRURIED RE Bdm 8.5).
9. Referring to FlfaifREr8 WRMiniZ Atk & &l Bkgihembackoravun chbasdrgesufetested igURaERground
detection algorithm will_ construct a new digitalized output background image mask with the same
shape and size ASThE-histt ér#;i&é? §%18WtM%‘%@lﬁﬁéﬁ&8@ﬁB?ﬁ%§%sRﬂB REREEDHY o
values: one to ingigatenbaekgeousidyidnothedigeneicaiekiamgiowid hRiealsevihiere dhedcaiigsponding

I(?:Tgtggsé |g the |&piw%eﬁgrr§ é’vitgr'lrgit?% %%E?g}ggigr%gkground will have the background value

For each image frame of a cartoon template, the detected 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



Item 8.2 and 8.6 black regions), while pixels where the corresponding locations in the inputimage are

not within the detected background will have the foreground value (FIGURE 8 Item 8.2 and 8.6 white
. : 19 .

regions). For each image frame of a cartoon template, the detected foreground contains the cartoon

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

foregrounghisitig URaIREAVIERE AR W8 ThE dRIRAIEd HRAKBEINRC B IPRBERRGE away th Face

Detection The invention uses a face detection algorithm to detect the cartoon characters' original faces
(within the5i#8gEHREhes 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 backcground image mask (FIGURE

9 Item 9.7 R sy EIRSUIRR 6118801078 SeHEMBIR R YreY S Al al SRt Ctabmp e i 8ions,
sizes, rotagansiRosikieos dadwlrpiogs 6 theddsfertad veriginalsfaremcRabestinental FHHWRE 9 Item
9.4, during face detection, the input background image mask is also being modified by the removal of

the detectdtf SRt des* rRiptsbantP8Yions (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 R§ERTRALR SRR IHRDY dritf e deiactiondlenrithm fiRdsdattion
algorithm can beséeglifiedde-admitem fresRustiiRnlgssithemplatehuisl sigodicapiydngre accurate,
faster and yet simpler than a general face detection algorithm. Hence, the invention uses a 19
specially-design8¥ PRI SRR algorithm as the face detection algorithm to detect the original

faces. FIGURE RshemsstheH oV REIIaA0 sxa@plecictevtion atastiaia (st @actiebsinple pattern
recognition algorithm which can be used by the jnvention as the face dg}eﬁgg&aéggéithm. The flow
chart is explaine¥RERSIS TS ARG T ERSU P ESE R S SR GNP E B IS AOLER A8  ion algorithm

starts with a filteegibdigittizciehitpaga tiane atibacbbipor fomptaimandkis ootrsprdiognd
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



background image mask. 2. Referring to FIGURE 9 Item 9.5, the face detection algorithm will search
for a new unprocessed unanimously-coloured fore%ound segment within the foreground 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-igiHRege, Sush oseamenkeapheeiaundyiolarehiilling caaaiRixlcatich has not
been "flood-filled" yet. During "flood-filling", all neighbourinl%‘and connected pixels (and their

neighbouring anBre8MFelRErpMEd RSB SAMIFHR Eahlis®otlotir are grouped together

into a segment. Bof b ficisgiHi@ntnguslyrelotethiorearetng sSeomant viidaysumpenyaansidered to
be "processed". 4. Referrin%gto FIGURE 9 Item 9.6, for each unanimously-coloured foreground

segment found,#8BIFLAR G RigESHARTBRPHA YAPIBLR S8 RehhBRPEAMASY R hheerii M oured

foreground segnagiisfrReddar within, it Hith e wmbetis sehives dhiensinanisorishdcoloured
foreground segment is not considered to be an original face and is disregarded. 5. Referring to

FIGURE 9 Item &#menfemirisadia tHindhiheop  toge et RS i SoniBare the found

segment and its dhsgenenIeddesh reDmRISWdENstamanidalingdinf the dpventiombnioriginal face. If the
found segment and jts three. emhedded segments do not satisfied the guidelines of the invention for

original face, the"RHBCISYREK i25fotdhsidered to be an original face and is disregarded. 6.

Referring to BIGE#REQHtemmBeif thgiiouaacsegotasihbpsdis iBrge esmhedder: segmanisisatisfied the
guidelines of the invention for original face, the found segment 20 is confirmed to be an original face.
The face detectiB?gni%‘fé%dri AHetd %?%%ﬁé‘éﬂ)féatﬁgo‘ﬁﬁ%éttﬁéﬁ%@dﬂ}?e‘g“‘o?ﬁﬁﬁf’é@&%%ated in

FIGURE 9 Item 8a3.cAclroveacheaasiigmedaiiginalfirecictibeiiace] gatieetionidlgnsik mowl pssume that
e i e R et R A -t e

or mouth is detected to be “closed”. If not, the eye or mouth is detected to be “open”.

These descriptions form the 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



original face is the mouth, while the other two smaller unanimously-coloured segments embedded
within the confirmed original face are the eyes. The, unanimously-coloured foreground segment
embedding the eyes and mouth is the confirmed ofiginal face itself. 8. For each confirmed original
face, its facial colour is the colour of the unanimously- coloured foreground segment associated with it,

excluding the eygsxaneWmPipo cSsE@LeAGMeANNMZcuREOIBRA Jrsmdheiacs: detaestinralgorithm will
check the shapes of the eyes and mouth. If an eye or the mouth appears rectangular and long, the

eye or mouth is ERECTENGS pEhedrsResss ift 1EEARE Wl Jressda OIS I ACE IR B Spen". These
descriptions formthe detreiedfosial exriassiansebiiehconfiemed asgnadacri@nwieaeh confirmed

original face, the face detection algorithm will calculate the smallest horizontal bounding rectangle for
the face. The siZ8OfHEHBE- AR Bé’dnding 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 pggition, RadweTaRSFAatIGH/RE 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 fMudirgldqvithiaghénsegedient bisagrlily raceatigleavtehwticolfirrnathvkgiamifage. fTmecface
detection i Il ’ . I t fi riginal f nd the full
circle. If tk(?g%%e%gégﬂn%@ggga%ms%n' |é§%%3%?flf( rentﬁ e%(%%p e:dgf?f%éﬂlﬁ%gr%%{ﬂﬁgﬁl%%), the
confirmed>tigied| fFacel Baurnantege thareceliphedibgl oides objsts. FisdyREel Oshfimdbicaripitial face is

detected o, igye 0. 0lRPIA3 FI0ANF Sach coniranesl erainalagen alhis LA SaRRAThog

foreground pixels in the input background image mask are convertedto background pixels, thereby
removingcitfeom(iHe toRég Ok 19. R sfbrdribeon PIG UREIGadeth 9l wster processing a found
segment or detecting an

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.



original face, the face detection algorithm will continue to search for and process the 21 next new
unprocessed unanimously-coloured foreground segment of the filtered image frame. The process is
repeated until there is no more new unprocessed ufianimously-coloured foreground segment. The
face detection algorithm will then end (FIGURE 9 Item 9.9). 6 Image Integration During the "Image

Integration” stagg,iageivention-aptemat talk semkinetoan tnagriamelabina sasiagpdamplate with
an optional background image and one or more optional user- provided faces into an image frame of

the final video c&RIUH [ O HEAGDIEHBRS HHE FBIteN SRR IR OP e EdEmRtegreaidhhitage. The
output is an imagerdaene e dinatyidge cartoon (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 colobieifelfsted oirground ShdruimgEatrgio ahth sageom fLRRIph e sindiertrdrhY, as

modified by the dacefigiestidnalerrtminwibhestibsodeieciedorigng faces forggrausdkegions
(FIGURE 10 Item 10.3). 3. An optional background image (FIGURE 10 Item 10.4). 4. Optional
user-provided fa@%cé?fb(Iﬂ%w%]oﬁ%%qpb%@ﬁfbp&é@gg%%%‘?rﬂ%ﬁé%ﬁ?%’ QREE AR Py et

background detegtioadigiithiobuP etaaieskongipakiacesakthnyopgenaie: doiesaitoge template,

if any. Each detected original face consists of its facial colour, facial expression, size, rotation,
position and cliphiég 85 e Dy e deHiidhagariteH SPRHDEHBRVEGURE 10 shows

the data flowgliaRegerrahbthethiiageontegaiiamtsiage Fidel eiromddRgrassiés explaiced as follows:
1. A new image frame for the final yide ,gzaréoon is first constructed, 2. If the user has provided at least

a background image PERSORE 187118 CYREGhES é%tﬁﬂd’ﬂﬁ%&a@e@&‘éﬁ BY'SRy possible

methods, exampleiscin trRNdRMpasileseRVeERG) iBerBsiz athichii anctfilpbamevrinageivamad
expression, from among all the available user-provided 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).



3. If there is no background image, the new image frame is set to a user-specified background colour,
if any. 22 4. If there is no user-specified background colour, but there is a detected background colour
for the image frame of the cartoon template, the neWw 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 pixels within the corresponding background image mask), less the detected original faces,
is then pasted onto the new image frame, over and on top of the background colour or image. Edge

smoothing KaiREptiohaly BedoraBlshg ths Bes«oBriRe QudbHRgRS IR PR blends well
with the bagkgrowndsHuiBefatng (atherestiaim Speafication MliFasias Golour and Exgsession for
Each User-provided Face" of this document, for each detected original face, the invention_selects the
user-proviBRY T8 HRHY HEMGA ST USE et ROl dursngn dxprias SRR Eamong all
the availablgeuseriprovides) fasask froaaginsaleciediusesriteyided fasevi@ntadsthen 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 thé imag¥ Fgadreduetion o item 10.5). 9. If there is any clipping of each detected original
face by o ' | e ' G ' b sitioned
selected g%%%%ﬁg%%% ?é%‘%ﬁ%%?%ggﬁ we I@E'?E%ﬁéli&p%)iag% %gﬁg‘é’%ﬁ}g?ng%%ﬁ%ny
overlappingseatitpds bflwacorigsizeddeotstadeand tpasiibive dhseiveled dee carpenthEhegieaienasd of the
backgrouggimage Mask FrIGHR AR 8 10:3) M oRsh dRsiAsH: driiatk Rositipgegand clipped

selected face (FIGURE 10 Item 10.6), if any, is then pasted onto the new image frame, at the
corresporidiatpoxitioparoeieplate. 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



detected original face, over and on top of the background and pasted detected foreground. Again,
edge smoothing may optionally be done along the %dges of each pasted face so tPat it blesjﬂds well
with the background and pasted detected foregrouné. In this manner, each new ﬁ%gcgeg PAMESF the
final video cartoon has similar foreground with the corresponding image of the cartoon template, but
may haveénmm 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). 23 FIGURE 3
shows twevgxanplesetithe 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 thiaghoson ReedysiRe adssimdidigitriimrsrRfinhlsatede detisntb i produce the final
video cartoon. The sequence order of the image frames of the final video cartoon is therefore the
same as AT 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 wili? VSR AEIESp & AT 6RE P15 BRI By Rstiria 2B arreihBShent Sheet
CLAIMS What is claimed is: 1. A method of producing a desired di i}al image of at least one desired
face comfSHRMIGDANERE Ritseiagr 8P ACRALISAHE Brigivhities erein an original face

comprises a foreground re lon drawrf1 according to a set of guidelines; providing at least one face
image from extePhAI S AE4°3H e B g AR e Witk Wbtsfimage, selecting a corresponding
face image

for the original face within the digital image, selecting a corresponding face image
(selected corresponding face image) from among the face images from external sources;

for the original face within the digital image, modifying the selected corresponding
face image (selected and modified corresponding face image); and

replacing the original face within the digital image with the selected and modified
corresponding face image at a desired position and a desired size within the digital image to
produce the desired digital image of the desired face, wherein the desired face comprises a

portion of a head viewed from any possible angle.

2. A method for image processing comprising:

providing a digital image of at least one original face, wherein an original face
comprises a foreground region drawn according to a set of guidelines;

processing the digital image to recognize the original face (recognized original face)
within the digital image, according to the set of guidelines; and

processing the recognized original face to obtain a corresponding digital

representation defining a desired face according to the set of guidelines.



(selected corresponding face image) from among the face images from external sources; for the
original face within the digital image, modifying the selected corresponding face image gse ected and

modified corresponding face image); and replacinng%e original face within the c}llgeﬁlg ?%é’éeh\fvﬁfh the

selected and modified corresponding face image at a desired position and a desired size within the

digital image to preadHaadherasied digitbimn@geating drsikehiace cvhsrgis Hedasirdface

comprises a portion of a head viewed from any possible angle. 2. A method for image processing
comprisingie Ri@yifingadcdigit A HRa@eof Aln@ant e Algrahideasivdierein an original face comprises
a foreground region drawn according to a set of guidelines; processing the digital image to recognize
the original face (recognized original face) within the digital image, according to the set of guidelines;
and processing the recognized original face to obtain a corresponding digital representation defining a

desired fage accprdingisother setiaf JuidelivrshddReploerMeNhSbeging dibramathed @hdaim 1,
wherein the original digital image comprises at least one of the original face and other foreground

and/or bagkgiQuind keginnepthctividnsthedredsplaiding wheietT thethackanrgsnd of the original digital
image can be a redundant region replaceable by a corresponding region of another image. 5. The
method of claim 2, wherein the corresponding digital representation comprises: a position of the
original face within the digital image; and a size of the original face within the digital image. 6. The

method of claim Bhevhetieia dTelaaii espareingHioiarcepsasaatalions festoameanpeisapiisetacial colour
of the original face within the digital image; a facial expression of the original face within the digital
image; a rotation gfsifieopinablaca witive e tighadigiagemane; aelipping of the original face within
the digital image. 7. The method of claim 1, wherein a face image from external sources comprises:

a size of the original face within the digital image.

6. The method of claim 5, wherein the corresponding digital representations further
comprises:

a facial colour of the original face within the digital image;

a facial expression of the original face within the digital image;

a rotation of the original face within the digital image; and

a clipping of the original face within the digital image.

7. The method of claim 1, wherein a face image from external sources comprises:
a digital image with a single desired face as a foreground; and
a background, wherein the background is a redundant region to be clipped away and

discarded.

8. The method of claim 7, wherein the face image from external source further
comprises:
a facial colour; and

a facial expression.



a digital image with a single desired face as a foreground; and a background, wherein the background
is a redundant region to be clipped away and discarded. 8. The method of clalm 7 wherein the face
image from external source further comprises: a facial colour; and a facial expre§3| eme%g
Replacement Sheet 9. The method of claim 1, wherein the selected corresponding face image
comprises: a face image with the most similar facial colour to facial colour of the original face; and a
face image with the most similar facial expression to facial expression of the original face. 10. The

method ofclaim thovheineia remadifiecheriiearRoNiog dacsityRar cRMRIESAn RS APrReing digitally
resized, dependence upon a digital representation defining the original face; being digitally rotated,

dependence upareigtatioizottiie wEgia! fasaaangeiadodiaalivialippri: deBRNsiesGaIURE: clipping of
the original face and redundant background of the modified corresponding face image. 11. The

method ofigdiaim 1, wherein the replacement of the original face comprises: replacing the original face
with a surrounding background colour or a corresponding region from an available user-provided
background imagea@ghseperimprsingsiherseleiethrag readiied easiespprdiigniaceninage onto the

digital image, at a position dependence upon a digital representation defining the original face. 12.
The methedahglaioe 1, wherein the set of guidelines comprises: defining the original face as the
foreground region drawn within the digital image to resemble and represent the desired face; defining
the original face as the foreground region surrounded by other (foreground
10. The method of claim 1, wherein the modified corresponding face image comprises
acts of:
being digitally resized, dependence upon a digital representation defining the original
face;
being digitally rotated, dependence upon rotation of the original face; and

being digitally clipped, dependence upon clipping of the original face and redundant

background of the modified corresponding face image.

11. The method of claim 1, wherein the replacement of the original face comprises:
replacing the original face with a surrounding background colour or a corresponding
region from an available user-provided background image; and
superimposing the selected and modified corresponding face image onto the digital

image, at a position dependence upon a digital representation defining the original face.

12. The method of claim 1, wherein the set of guidelines comprises:

defining the original face as the foreground region drawn within the digital image to
resemble and represent the desired face;

defining the original face as the foreground region surrounded by other (foreground

and/or background) regions and/or edges within the digital image;



and/or background) regions and/or edges within the digital image; 27 Replacement Sheet defining the

original face as the foreground region with a distinc}ive edge wherein the distinctive edge ssegarates
.. . L Teo 1 s . .. Replace t Sheet .
the original face from the other regions within the digital image; defining the position of the original

face drawn within the digital image as the desired position of the desired face; and defining the size of

the original face ghiguinoWHB B hiadigital inae eoassHoaiericeshsizt Rtihendgsteddatetdn Tine method

of claim 12, wherein the set of guidelines further comprises: the foreground region with majority of an

area in a gRANIMEYSHERIGFarRd the deraarpend Raipmeomaitnglacidferuesgvharmindhe facial
features and the foreground region of the original face are separated by different colours or edges. 14.

The method of clpifinihgd, mdessifidhersgt o gudetinesifawhear epimpiisezidefining asfariaesplaur of the
original face as dependence upon at least one colour of the original face; defining the original face
with the faciatiealepesibalenging;tehd same subject; and defining the original face with a different
facial colour as belonging to a different subject. 15. The method of claim 12, wherein the set of

guidelines furthegegnimgrisesizdofimRe Apipfiginal dhapeWantheeriginal facgeandidaiiningiclipping of
the original shape (of the original face) as representing a similar clipping of the original face. 16. The
method opclamidsZedigrein the set of guidelines further comprises: 28 Replacement Sheet defining
an upright position of the original face as dependence upon an orientation of a shape of the original
face within the digital image; and defining a rotation of the original face as an angular difference
between the original face and the upright position of the original face. 17. The method of claim 16,
wherein the. upright pesiienafdhmorginaldace isedefiopguadelines further comprises:

the foreground region with majority of an area in a unanimous colour; and

the foreground region containing facial features, wherein the facial features and the

foreground region of the original face are separated by different colours or edges.

14. The method of claim 12, wherein the set of guidelines further comprises:
defining a facial colour of the original face as dependence upon at least one colour of
the original face;
defining the original face with the facial colour as belonging to a same subject; and
defining the original face with a different facial colour as belonging to a different

subject.

15. The method of claim 12, wherein the set of guidelines further comprises:
defining an original shape for the original face; and
defining clipping of the original shape (of the original face) as representing a similar

clipping of the original face.

16. The method of claim 12, wherein the set of guidelines further comprises:



dependence upon an arrangement of facial features within the original face. 18. The method of claim

13, wherein different shapes, or different colours, or different shapes and colours (l)f faciaI?Il(leaEures
within the original face are defined to represent différent facial expressions of tﬁ%p(?ﬁﬁlfﬁ’gf ace. 19.

The method of claim 13, wherein the set of guidelines further comprises: defining the facial features

as comprising twR@Yes and s npediiondsfiningtbm iMa yasdepesideiat ipsizaneeaghdeiner; defining
each of the two eyes to be in a unanimous colour; defining the mouth as bigger in size than each of

the two eyepaieliningdng OBt e AR dnanineusSolpyr; defining an arrangement of the two
eyes and the mouth within the original face, as similar to an arrangement of eyes and mouth of a real

human face; defipifgithe sasaf dnenbsaieuas mard ibamautharelativeteccsrespendingsiags of the
original face, as similar to sizes of the eyes and the mouth of a real human face relative to the

corresporfdiRGsizee apihe i patitiomantfrcsi@ndl @afining an upright position of the original face as a
position where the two eyes are lying horizontally, with the mouth lying below the two eyes. 29
Replacement Sheet 20. A system for producing an output video containing a sequence of a desired
digital image of at least one desired face comprising: an input video containing a sequence of an

original digjtal imagen@itabdeststione 16riginatiack: apiaasiyoorifacess magegmadeplaciegack of the
original face within the input video by superimposing a corresponding input image of the desired face,

if availablgegi@etie opiginal facadenpsadeicRctiefautped wilk. Bd ofi Gialeneof claim 20, wherein the
inputs of the system further comprise at least one background image to be used for replacing
redundant background regions of the original digital images of the input video.

18. The method of claim 13, wherein different shapes, or different colours, or different

shapes and colours of facial features within the original face are defined to represent different

facial expressions of the original face.

19. The method of claim 13, wherein the set of guidelines further comprises:

defining the facial features as comprising two eyes and one mouth;

defining the two eyes as similar in size to each other;

defining each of the two eyes to be in a unanimous colour;

defining the mouth as bigger in size than each of the two eyes;

defining the mouth to be in a unanimous colour;

defining an arrangement of the two eyes and the mouth within the original face, as
similar to an arrangement of eyes and mouth of a real human face;

defining the sizes of the two eyes and the mouth relative to corresponding sizes of the
original face, as similar to sizes of the eyes and the mouth of a real human face relative to the
corresponding sizes of the real human face; and

defining an upright position of the original face as a position where the two eyes are

lying horizontally, with the mouth lying below the two eyes.



22. A system of claim 20, wherein the inputs of the system further comprise audio. 23. A system of

claim 20, wherein the output video produced by thezgystem further comprises a}{rl!llj? cg&g}tj 0.

20. A system for producing an output video containing a sequence of a desired digital
image of at least one desired face comprising:

an input video containing a sequence of an original digital image of at least one
original face;

at least one face image; and

replacing each of the original face within the input video by superimposing a
corresponding input image of the desired face, if available, onto the original face to produce

the output video.

21. A system of claim 20, wherein the inputs of the system further comprise at least one
background image to be used for replacing redundant background regions of the original
digital images of the input video.

22. A system of claim 20, wherein the inputs of the system further comprise audio.

23. A system of claim 20, wherein the output video produced by the system further

comprises an input audio.



