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OF THE INVENTION 1. Field of the Invention [0001] The
present invention relates generally to nonoscopic

| ow- power nobil e devices, su¢h as a hand- hel d caner a,
cancorder, single-sensor caneral phone, or other
singl e canmera sensor device capable of creating

real -tinme stereo i mages and videos. The present
invention also relates to a nethod for generating

real -tinme stereo inages, a still 1inmage capturing
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| aunched to fulfill such requests. [0003] A mmjor
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that the fornmer provides the feel of the third
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Human vision by nature is stereoscopic due to the
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different perspective viewpoints. The human brain is
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1mage capturing device, and to a video image capturing device.

II. Background

[0002] Recently, enhancing the perceptual realism has become one of the major
forces that drives the revolution of next generation multimedia development. The fast
growing multimedia communications and entertainment markets call for 3D stereoscopic
image and video technologies that cover stereco image capturing, processing, compression,
delivery, and display. Some efforts on future standards, such as 3DTV and MPEG 3DAYV,
have been launched to fulfill such requests.

[0003] A major difference between a stereo image and a mono image is that the
former provides the feel of the third dimension and the distance to objects in the scene.
Human vision by nature is stereoscopic due to the binocular views seen by the left and
right eyes in different perspective viewpoints. The human brain is capable of synthesizing

an image with stereoscopic depth. In general, a sterecoscopic camera with two sensors is



2 required for producing a stereoscopic inmge or
vi deo. However, nost of the current nultinedia
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infrastructure. [0004] In the past decades,

st ereoscopi ¢ i mage generati on_has been actively

studied. In one study, a vi ded sequence i s anal yzed

and the 3D scene structure is estimated fromthe 2D
geonetry and notion activities (which is also called
Structure fromMtion (SfFM). This class of
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clips to 3D. However, the conputational conplexity is
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[ 0005] In another study, a nethod for extracting
fremavibtien (Rt T$ drssefi approfacioam enalns@opisoncefgscorflat 2D video
exanpl e retinal sizes of objects, is proposed, which
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a still further study, a facial feature based
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convert 2D head-and-shoul der images to 3D. I n another
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prit-hoeabasedhon ispeofAputistiamlgsmgger dienioepssibn aapligsfipasgnd then
is proposed using notion detection and region
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avoi dabl e due to the inaccuracy of object segnentation
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generate the stereo views.

auxiliary depth map generation. In a still further study, a facial feature based parametric
depth map generation scheme is proposed to convert 2D head-and-shoulder images to 3D.
In another proposed method for depth-map generation some steps in the approach, for
example the image classification in preprocessing, are not trivial and maybe very
complicated in implementation, which undermine the practicality of the proposed
algorithm. In another method a real-time 2D to 3D image conversion algorithm is
proposed using motion detection and region segmentation. However, the artifacts are not
avoidable due to the inaccuracy of object segmentation and object depth estimation.
Clearly, all the methods mentioned above consider only the captured monoscopic images.

Some other approaches use an auxiliary source to help generate the stereo views. For
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di sparity estimation nodel to generate the depth nmap

of the pixels. [0006] In another exanple, a nonoscopic

hi gh resol ution col or canera Ps used to capture the

| um nosity and chromaticity of a scene, and

i nexpensive flanking 3D stereoscopic pair of |ow
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[0007] As can be readily seen, there is a need for a low-complexity method to
obtain real-time stereo images and videos by using a monoscopic mobile camera phone or
other low-power monoscopic device.
[0008] There is a need for a monoscopic low-power mobile device that estimates
the depth map information in a manner that avoids not only the auxiliary equipments or
human-interaction used in other approaches, but also the introduced computational
complexity by using SfM or depth analysis.
[0009] There is a further need for a monoscopic low-power mobile device that

employs a low-complexity approach to detect and estimate depth information for

real-time capturing and generation of stereo video.



SUMVARY OF THE | NVENTI ON [ 0010] In view of the
foregoi ng, an object of the present invention is to
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enpl oys a | ow conpl exity approach to detect and
estimate depth information for, real-tinme capturing and
generation of stereo video. ﬁOOll] Anot her obj ect of
the present invention is to provide a nonoscopic

| ow- power nobile device that avoids not only the
auxi | iary equi pnments or human-interaction, but also
the introduced coiNMBMARYIEF THEANMENTIAY using SfM
or depth analysis. [0012] A further object of the
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3D effects 0014 A still further object of the
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[ 0015] The above objects are carried out by a
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is operable in a first-stage to develop a bl ock-I| evel
P@sEs- map automatically using statistics fromthe
aut of ocusi ng sub-nodul e WO 2008/ 016882
ROTB1US2007 AGtdl h8her object of the present invention is to provide a monoscopic

low-power mobile device that captures and generates stereo images and videos with
superior 3D effects.

[0014] A still further object of the present invention is to provide a monoscopic
low-power mobile device that can be used for both stereo image and video capturing and
generation.

[0015] The above objects are carried out by a monoscopic low-power mobile
device comprising: a single-sensor camera sensor module operable to capture an image
and having an autofocusing sub-module operable to determine a best focus position by
moving a lens through an entire focusing range via a focusing process and to select the
focus position with a maximum focus value when capturing the image. The device
includes a depth map generator assembly which is operable in a first-stage to develop a

block-level depth map automatically using statistics from the autofocusing sub-module



5 and in a second-stage to devel op an i mage depth map.
The device also includes an inmage pair generator
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the captured image to create 3D stereo |left and right
views. [0016] The nonoscopi ¢ |ow power nobile device

uses an autofocus function of Ya nbnoscopi c canera

sensor to estinmate the depth map i nformati on, which

avoids not only the auxiliary equipnments or

human-i nteraction used in other approaches, but also
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or depth anal ysis of other proposed systens. [0017]
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design. That is, in the first stage, a bl ock-1evel
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[0018] The monoscopic low-power mobile device uses statistics from the
autofocus process to detect and estimate depth information for generating stereo images.
The use of the autofocus process is feasible for low-power devices due to a two-stage
depth map estimation design. That is, in the first stage, a block-level depth map is
detected using the autofocus process. An approximated image depth map is generated by
using bilinear filtering in the second stage.

[0019] Additionally, the monoscopic low-power mobile device employs a
low-complexity approach to detect and estimate depth information for real-time capturing
and generation of sterco video. The approach uses statistics from motion estimation,
autofocus processing, and the history data plus some heuristic rules to estimate the depth
map.

[0020] The monoscopic low-power mobile device that employs a low-complexity
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generation process by using Z-buffer based 3D surface
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i nvention, a nethod for generating real-tinme stereo

i mages W th nonoscopi c | ow power nobile device
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focusi ng range and for selecting the focus position
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according to the foll owi ng equati on WD 2008/ 016882

Mep/ 4432000xBh47ib8n image depth map from the block-level depth map.

[0023] The autofocusing processing includes the step of processing the image
using a coarse-to-fine depth detection process. Furthermore, the approximating step
comprises the step of bilinear filtering the block-level depth map to derive an
approximated image depth map.

[0024] In a still further aspect, the present invention is directed to a program code
having program instructions operable upon execution by a processor to: bilinear filter an
image to determine a depth value of each focus block including corner points (A, B, C and
D) of a block-level depth map, and determine the depth value (dp) of all pixels within the

block according to the following equation
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B, C and D) of the blod&)are+d¢ﬁgped as (XA, yA

dA) | XB, ¥B5 dB Jde), (XD, yD, dD]; d 7t
respegtl’l EZIVB(evH%déﬁot B\/ 8 )F%Fn l;)’FJS( xps P @ (yP ’p)
[0025] In a still further aspect of the pr esent

invention, a still i mage (capt url ng, dew ce conprl ses:
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objects in the image to detect a block-level depth

map; an i nage depth nmap nodul operapl e to approxi mate
fromthe bl ock-1evel depth-*papUan'dhage depth nap
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the captured image to create three-dinensional (3D)
stereo left and right views. )[4Qg261 4nastill further
aspec T
capt UI("IpﬁgA) deyige +cfgaﬁmﬂ|ﬁasyB)aﬂ(x)aUJtca)f@unsgg)ng(xm@mﬁ+eyp—yD
operable to process a captured video clip and

estimate depth information of renote objects in a

scene; and a video codi ng nodul e

wherein position values and the depth values for the corners points (A, B, C, and
D) of the block are denoted as (xa, ya, da), (X8, ¥8, ds), (Xc, yc, dc), (Xp, yp, dp); and a
respective pixel denoted by a point P (xp, yp, dp).
[0025] In a still further aspect of the present invention, a still image capturing
device comprises: an autofocusing module operable to process a captured still image and
estimate depth information of remote objects in the image to detect a block-level depth
map; an image depth map module operable to approximate from the block-level depth
map an image depth map using bilinear filtering; and an image pair generator module
operable to create a missing second view from the captured image to create
three-dimensional (3D) stereo left and right views.
[0026] In a still further aspect of the present invention, a video image capturing
device comprises: an autofocusing module operable to process a captured video clip and

estimate depth information of remote objects in a scene; and a video coding module
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the video clip captured, provide statistics

WO pdodon®s: on and determ ne notion estimati on. PET/UBINT074748
map generator assenbly is operable to detect and
estimate depth information fgr real -time capturing
and generation of stereo vided using the statistics
information fromthe notion estimtion, the process of
t he aut of ocusing nodule, and history data plus
heuristic rules to obtain a final block depth map from
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DESCRI PTI ON OF THE DRAW NGS [ 0027] The foregoi ng
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of preferred enbodlnents of the invention, wll be
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onpanylng MAngs Purpose o l'ustrat i
t hown
Uit PR O e HienasfouS RGO e P O RS augqfs%nswg

be understood, however, that the invention is
Mogtleeandiistotyalagy il hearistig rulgsde bt afinahplock é@@é map from which
shown. In the drawings: [0028] FIG 1 illustrates a
gemeagaldepthoukp didagvadn of a nonoscopi c | ow power nobil e
device; [0029] FIG 2 illustrates a general bl ock

di agram of the operation for both real-tine stereo

i mage and video data capturing, processing, and

di spl aying; [ OgR[HF 5E§CR¥PTﬂdN@F?FIE§)I@AQ@N@TSﬂ' bl ock
di agram of the operation for real-tine capturlng and

gﬁﬁg{)at | ngTﬁp i r%m%% r1m§1§/é ta[l Qv%ﬁl%s tl'lzé %llovvl % g%glﬁgda&e%g’nptlon of

t of a ween 1'ens

th f oca 0|nt d ob ect. di st e: 003 A
picfared, sp %(ﬁgleaﬁsagﬂ TRYFAtpR) %1?3%?5 ke rb@%@ Gfiefﬁgen read in

position and FV using a gl obal search al gorithm
conjunction with the accompanying drawings. For the purpose of illustrating the

invention, there is shown in the drawings embodiments which are presently preferred. It
should be understood, however, that the invention is not limited to the precise
arrangement of processes shown. In the drawings:

[0028] FIG. 1 illustrates a general block diagram of a monoscopic low-power mobile
device;

[0029] FIG. 2 illustrates a general block diagram of the operation for both
real-time stereo image and video data capturing, processing, and displaying;

[0030] FIG. 3 illustrates a general block diagram of the operation for real-time
capturing and generating 3D still images;

[0031] FIG. 4 illustrates a plot of a relationship between lens position from the
focal point and object distance;

[0032] FIG. 5A illustrates a graph of the relationship between lens position and

FV using a global search algorithm;
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illustrates a graph of the relationship between | ens
weomsHies2 and FV for a course-to-fine search PCT/US2007/074748

algorithm [0034] FIG 6A illustrates an original

I mage; [0035] FIG 6B iIIustrgt es an i mage depth map

of the image of FIG 6A;, [0036] FIG 6C illustrates an

bl ock depth map of the inmage of FIG 6A;, [0037] FIG

6D il lustrates an synthesized 3D anagl yph vi ew usi ng

the bl ock depth map of FIG 6C, [0038] FIG 6E

jaoBakt r at eBl@ 3B [ltwtreds deptph ofethe edlatidnshiprtegeconfledd fasition and

6B; [0039] FIG 7A illustrates an a diagramof a

Vel £ ch@bdto-Mhd StaRBigpRRMNg bl ocks; [0040] FIG 7B
illustrates a diagramof a block with corner poi nts;

E@gﬁg] Fl G @ éAhfﬁ%ét@éﬁ??@%ﬁézlj}%'@g@” for the depth

enerat1 on process,; GS. 9A and 9B show

e of the first franme and e. corr ndj ng
s PR osb0up Pipes Pisee SRAR st obi e S RO o
the video and its corresponding BDM th _ [0044] FIGS.
Bi38hd oF EHevoG hlesteres snshlectodcntinmap iofihs iamege pEEIC. 6A;
corresponding BDM [0045] FIGS. 10A, I10B and 10C
[A0Bdkt r at eFldheé D) itmstentchequtsyntimap scd MMy pheney asivglthiebdorok depth
the BDMs shown in FIGS. 9B, 9D and 9F; [0046] FIG 11
ap WS FI@bEs the image pair generation process;

[0038] FIG. 6E illustrates a filtered depth map of the image of FIG. 6B;
[0039] FIG. 7A illustrates an a diagram of a middle point with neighboring
blocks;
[0040] FIG. 7B illustrates a diagram of a block with corner points;
[0041] FIG. 8 illustrates a flowchart for the depth map generation process;
[0042] FIGS. 9A and 9B show the image of the first frame and the corresponding
BDM;
[0043] FIGS. 9C and 9D show the 30th frame of the video and its corresponding
BDM;

th
[0044] FIGS. 9E and 9F show the 60 frame of the video and its corresponding
BDM;
[0045] FIGS. 10A, 10B and 10C illustrate the image depth maps (IDMs)

generated from the BDMs shown in FIGS. 9B, 9D and 9F;
[0046] FIG. 11 illustrates the image pair generation process;
[0047] FIG. 12A illustrates left and right view of binocular vision;

[0048] FIG. 12B illustrates a geometry model of binocular vision with parameters



[0047] FIG 12A illustrates left and right view of
bi nocul ar vision; [0048] FIG 12B illustrates a
w@ewaw1asy2 nodel of binocul ar vision wth parane@EUS200074748
2008/ 016882 PCT/ US2007/ 074748 10 for calculating the
di sparity map; [0049] FIG 13A shows an anagl yph i mage
generated by using the approx ted inmage depth nmap
shown in FIG 6E, [0050] FIG 13B shows an anagl yph
i mage generated by using the accurate inmage depth map
shown in FIG 6B; [0051] FIG 14A shows an exanpl e of
forrcelsulatiag theatiggtippinap;i deo frame of FIG  9A; [ 0052]
FIG 14B shows an exanpl e of a resultant anaglyph

wodep framei®fi3A GowsAankd ima@e?enér%dsb Qﬁéﬁlg@ﬁ'e approximated
e

exanpl e of a resultant anaglyph video frame of FIG

%.e?&g%éﬁ%%“ﬂ %l Gl 158 illustrate a flowhart of

ase erpol ati on process. DETAI LED

| PTI HE PREFERRED. ENBODI VE 0055
Bﬁ? i nve%!’(gr:‘} 31?-3;55%8% 8%?:‘&%5(1’@ 116%%%%‘8%%%‘&% ?ll?glwthf’rﬁ?ﬂ‘r‘mte 1mage
different forns, this specification and the
éﬁﬁ%ﬁ%ﬁﬁﬁyﬁ)‘ﬁﬁ%ﬂﬁm%s di scl ose only sone fornms as
exanpl es of the use of the invention. The invention is
H961] nt endBHG t1g Abghovisrrntesdmiply aflveresdrbbaiiagbmphsvidey frame of FIG.
descri bed, and the scope of the invention will be
paj nted out in the appended clains. [0056] The
preferred enbodi nent of the device for capturing and
[ARRer at | NORRE, qr4%°sﬁo%%%%x%gle%fdae&§ul€’a%%a%!ﬁ)@ W&o ﬁ‘@me of FIG.
present invention is described below wth a specifi
g@pl ication to a nonoscopic | ow power nobil e device

[0053] FIG. 14B shows an example of a resultant anaglyph video frame of FIG.
9E; and
[0054] FIGS. 15A-15B illustrate a flowchart of a Z-buffer based 3D interpolation
process.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0055] While this invention is susceptible of embodiments in many different
forms, this specification and the accompanying drawings disclose only some forms as
examples of the use of the invention. The invention is not intended to be limited to the
embodiments so described, and the scope of the invention will be pointed out in the
appended claims. [0056] The preferred embodiment of the device for
capturing and generating stereo images and videos according to the present invention is

described below with a specific application to a monoscopic low-power mobile device



WD 2008/ 016882 PCT/ US2007/ 074748 11 such as a

hand- hel d canera, cantorder, or a single-sensor canera
wphbwaelestbwever, it wll be appreciated by theGEUS007/074748

ordinary skill in the art that the present invention

is also well adapted for other types of devices with

si ngl e-sensor canera nodul es. ]Referrlng now to the

drawi ngs in detail, wherein like nunerals are used to

indicate |ike elenents t hroughout, there is shown in

FIG 1, a nonoscopic | ow power nobile device,

gehersal hand-tdés cagnat echnabrded, oracdogldisaigsor oambra hoeseffowever, it

i nvention. [0057] The nonoscopi c | ow power nobile

qavbee Alpﬂr@mht@@ b\ dgSscion oﬁﬁﬁ‘aﬁ’z akillin tRE ¢ @58 Me RBsdnPinvention is also
control the operation of the device 10 descrlbed

[ e Cc

R %dé‘fftﬁ%‘ e e Gp 0 BN AR S Ao B, it A Reforing
a cancor QProcessor 56 .exec

5700 Bin dRbintads FERL Shergo Br DA dbuieddp GRUHTE fike clements

menory 60 to. carryout the operations described herein.

fhﬁ@l%lpafr theee §2hpwnimEIG £l pananpseanis low-penserarpkileslevice, generally

cancorder, or single-sensor unit and may include a

ﬂ¢$gmnakwéehmm@ﬂhmapdxm@pﬁmmhngmanthe appl i cati ons.

[ 0058] The canera sensor nodule 14 includes an inage

RBTHr i ng She-madet@id Gowgapablmotife gaptanongckided lin general a

Images in a still inmage node 18 and capturing vi deos

ﬁ%%éssér 54 %FéHn@t'opﬂleQﬁfefa%gn'o@ i FdVl&Or (T@é})@rﬂg&i feihOF [@n@ 12 and a

deo C|Ip The canera sensor nodul e 14 also I ncl udes

g‘aﬂne%il % 5819 r%géhﬁ? 12# chmgqlﬁ Pgﬂeé%e (gr\!flagl%raa 1l14na ggocF ﬁ%lg dlgj‘[g! camera,

per a |on a vi
%0059 nosco ﬁﬁmer nmobi | e _devi ce 10
uf CHBFOT ?ifcl &Y St% B?r?xe P eBRE} BRGNS O PRoggpaging code
havi ng dual nodes of operation, nanely a still image

pOked In 30eTRgTY 68 10 icaBTOYhkR-OBZAtANY desraibed drisimr Yhe storage 62 is the
enbodi nent, a depth map generator assenbly 34 enploys

ﬁletsmemtiaglee chaptrdn campost, iomaingersepsayaeg andintaly iokiade a flash, disc,
nodes of operation. As best seen in FIGS. 2 and 3,

bh@pé Hepehdimbagend phiickioks. of the two-stage depth map

[0058] The camera sensor module 14 includes an image capturing sub-module 16
capable of capturing still images in a still image mode 18 and capturing videos over a
recording period in a video mode 20 to form a video clip. The camera sensor module 14
also includes an autofocusing sub-module 22 having dual modes of operation, a still
image mode 24 and a video mode 26.

[0059] The monoscopic low-power mobile device 10 further includes a depth
map detector module 28 also having dual modes of operation, namely a still image mode
30 and a video mode 32. In the exemplary embodiment, a depth map generator assembly
34 employs a two-stage depth map estimation process with dual modes of operation. As

best seen in FIGS. 2 and 3, the first stage (STAGE 1) of the two-stage depth map

estimation process develops a block-level depth map automatically using statistics from



estimati on process devel ops a bl ock-1evel depth map
automatically using statistics from W) 2008/ 016882

WERMBBBCD7/ 074748 12 the autof ocusi ng procesBCHYSHBA074748

in the still node 24 or 126 in the video node 26

carried out by the autofocust%g sub-nodul e 22. In a

second stage, an imge depth pis created by a

depth detection process 130 in the still node 30 or

132 in the video node 32 carried out by the depth map
detector nodule 28. In FIG 2, f; denotes the ith
thean®fodusing pleresties 124 inah¢ still fnodered od] 26daniod ﬁ'ded mede 26 carried
bl ock depth map (BDM of the ith frame, and d;

SRMUBS althR cudiNBUD-A8HIB 208 4 $obd Qhed Beirhdde cfegﬁﬁ ap is created
[ 0060] The nonoscopic Iom#pomer nDblle device 10 has a

g%ﬁgk@fr@%fl%gg% | SIBERE 230 BF 39{111 %ﬁig h6 ot 432 CHE %gi p%o)ﬂe 32 carried

IS cap ure IITng IS use

GG gl AT 0GP BRI . 5 e

|ncluded in device 10 to generate a second or g
thedHtfram, didenptesihe hlock derth exp BB Hefiibe Hh fame, "and d;” denotos the

sub-nodule 48 fromthe Left view (original captured
imegelepthrmdapd DM)mddlec dlefemenap. The i nage pair
generator nodule 42 also includes a disparity map

poeoodul eTHdmaRGscapil-1bwifoaver 3ldbsluidEAce 10 BaOY sihgle-sensor camera
sub- nodul e 46. [0061] In the exenplary enbodi nent, the

206 feahe @ eA@b&ﬁlﬂ%Y}g%n%n ofil %h%é’e is2&p H?rbdﬂ %uh 1§1@ge is used to

ef fects generator exenp ary

Fe:i]gpe%gljltrgsﬂgft (if]%e\:?’vt}o?fsie ?n r{ge 5ot & n%lr%g?g UIAen ?ﬁa@e pa%ngenerator

expensive ‘red-bl ue ana 0 de ate

It|n effect. The enerated stereo.vi e. .
diegey i @ﬁﬁ%y}e ViF OtReFn etk sy £ B0 view in the
holographlc and stereoscopi c devices. [006 J
gpiep giray ssneratersubpriitott omdhe befiwicwprginal eptpredinkge) and an
i ncludes a video coding nodule 54 for use in coding
tnwewdegomaithd'heiichege paidigegeraod meelubd4 Do iittdsdes rmodiseanity map
(estimation) information 36 for use in the depth
seteetilens Rh@eTsbuffd2D furfaberatbd@qub el by the

depth map detector nodul e 28.

[0061] In the exemplary embodiment, the 3D effects are displayed on display 58 using a
3D effects generator module 52. In the exemplary embodiment, the 3D effects generator
module 52 is an inexpensive red-blue anaglyph to demonstrate the resulting 3D effect.
The generated stereo views are feasibly displayed by other mechanisms such as
holographic and stereoscopic devices.

[0062] Optionally, the monoscopic low-power mobile device 10 includes a video
coding module 54 for use in coding the video. The video coding module 54 provides
motion (estimation) information 36 for use in the depth detection process 132 in the video
mode 32 by the depth map detector module 28.

[0063] Referring also to FIG. 3, in operation the camera sensor module 14

captures one or more still images in an imaging capturing sub-module 16 in a still image



[0063] Referring also to FIG 3, in operation the
canera sensor nodule 14 captures one or nore stil

WO pEges88n an i magi ng capturing sub-nodul e 16 PEI/ES2007/074748

still image WD 2008/ 016882 PCT/ US2007/ 074748 13 node

18. The still inmage node 18 perfornms the capturing

process 118. The capturing py%cess 118 is fol |l owed by

an aut of ocusi ng processing 124. In general, the

aut of ocusi ng processing 124 of the still inage node

24 is utilized to estimate the depth information of

medotl 8. dheatilsmage tode 38 pefornTothe edptaeing Ipeocess 118. The capturing
comput ational conplexity, a block depth detection in
006 118 epliewed By &R @ﬁt%ﬁdch@in% pRRcsieny Inadah @ehdr@Nthe autofocusing
algorithmin an exhaustive focusing search 125 of the

gltoc&snf n@qgolf %ds%llﬁﬂtagg— Hl% gog 'Lﬁgtll 2a ftd &?mga%)ﬁlg éie%th 1nfﬁrrnation of

tection gorl 1 VI es t I mage capt ure
11 th til
“?ﬂa S PhE St ot Wit @ww@atﬁgglo&mqsﬂ%d BB depth
inthe earlier stage (STAGE 1). In STACGE 2, the
@%tﬁﬁtwndét A bromies 23parss- t@tféles flenth dofgcgien #Hperghm in an

30 uses a bhilinear filter 131B to derive an

apprsicntesing segeh d2pohtheagilf mepctthede B4.odhke deptstrterfipe depth
of STAGE 1. [0064] The autofocusing sub-nodule 22 in a

gétedtloni dig@ahmateid24the imh 8y Saphied &) hiddIsdptitengSEBEBH 118 in the still
focusing 125 used in still-image capturing. In order

C%%Crﬁd)(feVPS nﬁ@ﬁlnuhib@}?of:@lBEkkr WRRK YetebisdBO aGobBRd! 2pfh map in the
eo I mage node 26, the exhaustive search focusing

é%ﬁetj s?a}%és(ﬁ?ﬁldtf @C Il.IIlSl lS%"A@g tﬁ@ﬁ%ﬂﬁ tdgtgct(lljosh pl{ ﬁé%g? %nk%e &ill i 1mage
BPgE R0 despeapiltiigh Lo bﬂ&tasd%ﬁv%‘éﬁo%ﬁwﬂeﬁhﬁ%%ﬂe@@ map from the
froma video codin nndule 54, the focus value 38B
bloekrdentk maptadiSd: hg process 126, and frame history
statistics 40, shown in FIG 2. Automatic depth map

ettt i on THOGbjfdResiag rsubgnatuid P2 tio aFstiG. inBigetrhade 24 employs an
nmonoscopi ¢ | ow power nobile device 10 takes advantage

efhatifie casaffho €3éaiing 506RASinl&fll-Phadeh@apif 0GHrfl@ to achieve
sub-nodul e 22 for

real-time capturing of video clips in a video image mode 26, the exhaustive search
focusing 125 is used in still-image capturing is replaced by a climbing-hill focusing 127,
and the depth detection process 132 of the video sub-module 32 detects the block depth

map 34 based on motion information 36 from a video coding module 54, the focus value

38B from the autofocusing process 126, and frame history statistics 40, shown in FIG. 2.

Automatic depth map detection

[0065] Referring still to FIG. 3, the monoscopic low-power mobile device 10
takes advantage of the autofocusing process 124 of the autofocusing sub-module 22 for
automatic block depth map detection. For image capturing in the still-image mode 18 and

the video mode 20 of operation, different approaches are needed due to the different focus



automati c bl ock depth map detection. For inmage
capturing in the still-imge node 18 and the video
wore@s/0PB88Df operation, different approaches arBCHESWOT074748
due to the different focus WO 2008/ 016882
PCT/ US2007/ 074748 14 | ength ﬁgarch al gorithns
enpl oyed in these scenarios (rodes of operation).
[0067] In digital caneras, nost focusing assenblies
choose the best focus position by evaluating inage
contrast on the imager plane. Focus value (FV) 38B is
Bngthcoiareh aRasithmedeniplayal hahess so@tarioC(mudes oflopgetion)i C
region of interest, and the autofocusing process 126

E}_I%'?P' Iy chpasgel tdmeRRs inﬁd'sprfo@l@ﬁ{geﬁﬁ@ﬁ@li&g chostNe best focus
i ghest focus value as the best focus position o

f
b ia"r?ll %ﬁ%ﬂ“@%ﬁﬁg‘gﬁﬁfﬁﬁE’H?%%Lé;ﬁ%egﬁﬁ‘gg-?‘%iﬁs Sy B is o
i i HPF) | 21.00.0 - _
ReRCI e e 5K e v Speri b FEY 5 ShgEPE fpgocusing

hi gh frequency conponents for determ ning the focus

pecers 120 poymadmhoesse the nesitiga coresponding rt%&%e fighestiagys yalue as the
described later in the video node. [0067] There is a

bestt &tcuopediiign dfdenselen It doend @nergsothic highrfragfucharontedt dfraprmage is
the focal point (FV) 38B and the target distance from

tided a6 @eefoauval GO 8 S BO fodek impleCBtigh {23 filtSOWIF) bblow

FIG 4), and the relationship is fixed for a specific
canmera senson qu lg 14 Vari ous canmera sensors nay

have diffenent statistics of such relationships. Thus,

once tHY¥ =aul ofloctisiOngOpr ocess 124 in the aut of ocusi ng
sub-nodul e |23 |pcgt gs the best focus position of the

| ens 12, based on the know edge of the camera sensor

nodul e's property, the actual distance is estimated

prat Deksedith saptareyide had) Bequeasy cemponeatteion determiayigctac focus value
which is also the depth of the object in the scene.

(Her3Bor Epcushalwdpivh isvdm dBVeundp onles@ibtedéssr inghd eide@mode.

a sensor-dependent autof ocusi ng process 124 or 126.

0ve7] There is a relationship between the lens position of lens 12 from the focal
point (FV) 38B and the target distance from the camera or device 10 with a camera (as
shown in FIG. 4), and the relationship is fixed for a specific camera sensor module 14.
Various camera sensors may have different statistics of such relationships. Thus, once the
autofocusing process 124 in the autofocusing sub-module 22 locates the best focus
position of the lens 12, based on the knowledge of the camera sensor module’s property,
the actual distance is estimated between the target object and the camera or device 10,
which is also the depth of the object in the scene. Therefore, the depth map detection
process relies on a sensor-dependent autofocusing process 124 or 126. The

[0068] In the still-image capturing mode 18, most digital camera sensor modules
14 choose exhaustive search algorithm 125 for the autofocusing process 124, which

determines the best focus position by moving its lens 12 through the entire focusing range



[0068] In the still-imge capturing node 18, nost
digital canera sensor nodules 14 choose exhaustive
W@ @BOh8st gorit hm 125 for the autofocusi ng pr oREEESWHRA)74748

whi ch determ nes the best focus position by noving
its lens 12 through the entire focusing range WO
2008/ 016882 PCT/ US2007/ 074748!° 15 and sel ecting the
focus position with the maxi nrum focus val ue. [0069] A
typi cal exanpl e of an exhaustive search al gorithm 125
is a global search described in relation to FIG 5A,
il elhecsing s fobwes pusitioa Widcths maangemvibdéds viahe. smal | est
not or step denoted by the row of equally-spaced arrow

foadp. On Ah?pi@&l@@ﬁmﬁl%@an EtfausthB seSORWEoAthm 125 is a global search

coarse-to-fine searc whi ch searches the whol e focus

g%@gge(yﬁli thti n% r 51§E @/ﬂicﬁfgcﬁﬁ‘st t’hgI %?rﬂ)gé gééj:gghptfggﬁ}liﬁpme smallest

arrow heads, then search aroun I on

using a . s er, step.dengted by the .arro ad i t
tHolctdioP de PR e 2O Bt SRy Skl v BE et b, Fic. 5B
[0070] C earuy, the accuracy of the depth nmap . .
efonesragagpertariing sspch, whigh searches e whele Torals appefsingri bigger step
the sizes of the spot focus wi ndows selected for the
firsagienoted byetheral of iarrovhlecada uthof srodi argupt thegwsk pasition using a
for the still-imge node 24, the image is split into

MMNlcr step-dehored By thihdredw hsadlvsith £ahdled disRdice bo®wesn adjacent arrow
wi ndows, and the focus values 38B are calculated for

b focus w ndows during the autofocusing process
124. [0071] After the exhaustive search 125, the best

t()%%Hﬁ posi Eie%ﬂgﬁge %#Slga{cgl ﬁgthééist)% n&eﬁ)b%teﬁlgﬁgeg] ffgg { stﬁﬁl%bage is purely

ocus w ndow,

orrespondi ng to.each w ndaow,can be esti mat ed. .
gﬂ’é’&&?‘{}) anﬁﬁ@ﬁﬁf R DOUHEC P SEILO W YRsUOLPEES b Bigapggal,in the
accuracy of the depth map, and the higher ' o
puntogusng redesc dAbIfes thoystilj-ouaze] mpde PHe thep imagsoisi wlit into NxN
| ow- power nobil e device 10, two types of depth maps:

subalgeclde pthchmap alsd D)ledasebt bfooak wikejotw's, aagd tiBRMus vatues 38B are
defined in the depth map generator assenbly 34. For

@el[lg(lglé\f@tlﬂl gorfk@&i Foci@RindoR8 dakixgkhcdepstBcnsalgustotdss @yLery

[p0071] After the exhaustive search 125, the best focus position of the lens 12 is
obtained for each focus window, and thus the depth of the object corresponding to each
window can be estimated. Clearly, the smaller the focus window size, the better accuracy
of the depth map, and the higher computational complexity.

[0072] In the monoscopic low-power mobile device 10, two types of depth maps:
image depth map (IDM) and block depth map (BDM), are defined in the depth map
generator assembly 34. For an image depth map, the pixel depth value of every pixel is
stored by the depth detection process 130; for the block depth map, the depth value of
cach focus window is stored. In FIG. 6B, the image depth map 75 corresponding to the

still-image 70 shown in FIG. 6A is obtained by setting the focus window size as 1x1 and

thus the image depth map 75 is in pixel-level accuracy, where pixels with higher intensity



stored by the depth detection process 130; for the

bl ock depth map, the depth value of each focus w ndow
W0 20080068821. I n FIG 6B, the inmage depth map 75PCT/US2007/074748

corresponding to the still-inmage 70 shown in FIG 6A

i's obtained by setting the focus wi ndow size as 1xl1

and thus the inmage depth rrapléL;S is in pixel-Ilevel

accuracy, where pixels with higher intensity WO

2008/ 016882 PCT/ US2007/ 074748 16 correspond to

objects closer to the viewpoint. However, this setting

taraspomdtolopjdetyfobast fltie vibepoind HHovapt, tldaitdtidmsis doendlly infeasible

excessi ve conputational conplexity for auto focusing.

9 m&xappiatiols flcoslexd@Bive BBPuhliohs SRPIXityToF ki f@&smg An

wher e is set to be 11 and it is a nore practical
Capaﬁb@?f%&kﬁ%sfg@.wfg&g@&gﬁ@hﬁ%ﬁsw@%ﬁﬁ 15 Ly 5

created.i TAGE 1 t he, aut focu5| Rrocess 124
H@éﬁ‘d%ra‘ftbcagée%%ﬁ%ﬁ 8?“%%8@%@86‘“ P oOBH L ‘ﬂnﬁﬁpa} ﬁ&ée dept h

map 80 (FIG 6E); otherw se, sone artifacts

E9déhr . Anh?e>gﬁa$5rﬂe the bloak, Kiehds n@ed%ocreaﬁagmyérymmev& by the
79 using the block depth map 77 shown in FIG 6Cis
sitolmeusing FtoGessaR4 neodsep de tilmtheaptdckssed o0 alppan itage tepth map 80
the fact that the sharp depth gap between nei ghbor

{FIGUSE ) Wothdovise, adonidh erti€at@e snafogsH e RO tA € @k fraplRosta tsonthbeized 3D
actual object shape boundaries in the inage. The

Mol ypRGLiSy 99 'ﬂlsf‘ﬁg tl‘ieeﬁ%l@@e B nAB 7ATshbhAGH Ff@dé@{s' sABwn in FIG. 6D,

process 131A fo by proceSS| ng by a bilinear

fé_:c‘ é!i’?’ %agts a%ggaf hggarcttl régi gf? ﬁ %etrwoegé ggl\’\ﬂbor focus
two steps, as best lustrat ..
@WSﬁAn%ﬁﬁJ%%Othwsﬂﬁfmgé g fhepactyal oD EhtikPg Fouadigies in he
the corner points A, B, C, and D of each block in
g, Theaitdadty gamdbeitaduers byhan atifest sedustiog pprcessel’d A foflowed by
and the depth value would be the average value of its
peicelshgrtiyngbibihcalddtead 3 Bovihe ifthtefdGmagddepth emag §Chis shown in FIG.

depth of the mddle point d is defined by equation
6n. (1) di +dz +d3 +d4

[0074] The artifacts reduction process 131A, consists of two steps, as best
illustrated in FIGS. 7A and 7B. In the first step, the depth value of the corner points A, B,
C, and D of each block in FIGG. 6C is found during the autofocusing process 124, and the
depth value would be the average value of its neighboring blocks as shown in FIG. 7A
where the depth of the middle point d is defined by equation Eq.(1)

di+d,+dy+d,
4

d= , Eq.(1)

where d1, d2, d3, and d4 are depth value of the neighboring blocks.
[0075] The block depth map created by the autofocusing process 124 includes the
depth value of each focus window/block which is stored. In FIG. 3, the memory 60 and/or

storage 62 (shown in FIG. 2) which are the hardware blocks are not illustrated in the



d= 4, Egq.(1) where dl, d2, d3, and d4 are depth
val ue of the nei ghboring bl ocks. [0075] The bl ock

walepsh14ssp created by the autof ocusi ng processPARUS2007/074748

i ncludes the depth value of each focus w ndow bl ock
which is stored. In FIG 3, the nmenory 60 and/or
storage 62 (shown in FIG 2) ich are the hardware

bl ocks are not illustrated in the WO 2008/ 016882

PCT/ US2007/ 074748 17 process shown. [0076] After the
depth value of all corner points A, B, Cand D are
plocadsnbalwni n the second step as best illustrated in
FIG 7B, bilinear filtering obtains the depth val ue of

&d@%] pi xel A fiePk depth REIUBLOLIKSornASHoPIOWNBAN aRX B¢ Ebthided, in the
|G 7B, the p03|t|on and depth val ues for the

ge%Bf?c? %‘ép ROb &L iﬁr?tgﬁln%? W%B 11191%;311 fﬂ?erltﬁlg%‘f)%u?srtﬁe(‘ G%ﬂﬂt\z%(ae of the

e ue of aI
B’IXBIéRHS&%%t% é’%cgam%aw&n efsampmﬁ&ee 1B Do difenth vatues
denot ed by the oi nt p t he pixel depth
ﬁmﬂaﬁecoaﬁer& awntss dbtGiepd bwféa@glpplé AreElgnetoy ah oA aiABs (xip ys, dp),
(XP-xA)4 +(YP-YA) 4 dA+ (XP _ xA)4 + (YP -YA)4 + (XP -
tB) o +d).YRps YRB) db)i+sq Hie depHCyjlde of @¥Rhe pivels within thxplock can be
xD)4 + (YP _ YD) 4 (XP -xB) 4 +(YP -YB) 4 d +
Gl Bl %68 APck ¥Ran(hl) Ao ¥R piy14tehdad Kﬁ)tl'ﬂeqﬂoiﬂt—lxﬁbﬁy}(, by, WQ) el depth
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[0077] Referring now to FIG. 2, for video, the exhaustive search algorithm 125 is
not feasible due to the excessive delay caused in determining the best focus. Hill climbing
focusing 127 is more popular because of its faster search speed. It searches the best focus
position like climbing a hill. When the camera sensor module 14 starts to record video in

the video mode 20 in the image capturing sub-module 16, an exhaustive search algorithm
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climbing a hill. Wen the canera sensor nodul e 14
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i mage capturing sub-nodule 16, an exhaustive search

o tshiat €y, 20034 RBRAsFRGho M A Bd4 1 BetedBind 3@ réd-time the

used to find the best focus p03|t|on as an initial

Ffﬂg‘dtltohgﬁb foEHst 1R 1 BhasttBBdvdiahl %gl c}ﬂﬂgulr&ér%‘ gétsto the top of the

ocate e canera sensor nee
termne in real - he rec |on t he focu

%;1 ﬁg VoSt a&%atﬁ GB%W‘?RPC N aeig a‘BFmtgotL% éfidse{’ ‘f?e% of the
top_of the hill. Cearly, getti % accurate depth maps
pgpfogsiag srocgr | Hy 1t Awclingpss dibigalt slpngthat fs still-images. While not
aut of ocusi ng process 126, is nmuch nore difficult than
wirhingf torbedrouhd by theges thaksascm indtat hili dhmngg fecubieg lwolynebtains the
by theory, the reason is that hill clinbing focusing

cdttact dbptaifoisthe hgca MObE@S tvhile plob gliainttigg aliceoriditic@coBdepth for
whi | e not guaranteeing the correctness of depth for

SthbebloRk Ok Saddltdnad LidNstivieNRafRNALS thiMe1 8L a1 guarantees the

algorlthn1125 whi ch guarantees the  correctness of

Q&Pécplesg of d%l 1%& M lBFo’cké ‘?st c?tﬁg ¥alfe%| alt ?n% sga[rtntl?gmﬁ{ & r%&%glng, soitis

L heqsgl e&? Sét)l%t%c 'Le ﬁ% agclg%blg ng rgg(gr rain 1%l of the video
sub nodul e 16. [0078] Referrin nOMItO FIG 8, a

modoeh i theamagheaptisingsubapedids Boti on process 132 for

use in the video node 32 by the depth map detector

[Odt] e 28 Rsfestrgyuw ThEIG. Sua flenthdrt afnthe doetBxmapsdetection process
denoted by n, the {D1l(i,j)} and {F1(i,j)} (i=1,2,...N,

1302 use in- thé\lizldéé enodt e tiyithadeliehRp AefRe@r Rlodalk RQ@Elﬁbwn The
map (BDM and focus value (FV) map 38A of the current

glargéﬁg \f}raérrlalé%(dg tl% %%gga%y{nVﬁfe {D tl)J}} a%ﬁaiFt (Ii]ﬁ} '(fml%r nal\k JBPM .N) are
the final determined block depth map (BDM) and focus value (FV) map 38A of the
current frame, {My(1, j)} and {Vn(1, j)} are the internal BDM and FV map obtained by the
autofocusing process 126, and {P(i, j)} and {Tx(i, j)} are the internal BDM and FV map
obtained by motion prediction.

[0079] During the depth detection process 132 in video mode 32, the focus
position of current frame n is first determined by hill climbing focusing 127 and the
corresponding block depth map {M,(i, j)} and FV map 38B {V,(i, j)} arc obtained at step
S134. Step S134 is followed by step S136 where a determination is made whether motion

information (MV) 36 is available from the video coding process 154 performed by the

video coding module 54. If the determination is “YES,” then, the motion information
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(MVoBaad arailyA4k)d B dlsbahvmitioalkeof (@viV) ieomaided atcoeh BIDBE. Step

process 154 perforned by the video codi ng nodul e 54.

k3¢ Reowsi&r %ﬂ%ﬁ § DI Where XaStermindB6n istrRRINPRAIRR the global motion
i nformati on 008/ 016882 PCT/ US2007/ 074748 19 (

MR LU AR T L G
gV oo R b he ST iR RE bl R acr

|f the determination is "YES," than the lens 12 is
Wetprnand estistaiag thecebiess movpant digectionpuscot ditker @t ATasesy

an accurate scene depth history and estimating the

E¥gett novEnthet ddiemeottioonst yepsSB3Milf &St spr De@gsMa(i)) and
[0080] If the determ nation at step S139 is "VYES," set

BX(j=V)EM4tiand klcandp theldtoredl B (ahd F)V, map hidwdy 6f gavioupframes at
the stored BDM and FV map history of previous franes

[ f the BDM and
%%}) ﬁ%‘?ﬁ)‘f@&éﬁﬁ% P8R0 R BIAVIRLAFRESap

Returning again to step 36, in sone
nms, t ' 0 nf e} [ ' : -

RSP  RERbE Bah OB 8. SRR Bl 3
GG iRl S BB el R GE R omRGSIPe e video Ss BOF coe. or the
det erm nati on at stg& S 136 is "NO " and step S 136
melipywsdmados maduls elithe eoslipg alpesidhm dug bepattemed \ifen Thus, the
the determnation is "NO' at step S136, the process
dgsimBastidntee stiep Sil s ‘W&’ and stap 81 Fefoblswkdro stép S bidoakls described
[0082] If the notion information 36 are avail abl e,

Rtep WBhaD tHesddt@hlimmrd DY NEFeg step S136, the process assumes the motion
vectors are zeros for all blocks.
[0082] If the motion information 36 are available, step S139 is followed by step

S142 where the process 132 predicts the BDM and FV map of current frame Py(i,j) and

Ta(i,)) from those of the previous frame by equations Eq.(3) and Eq.(4)

P y=iPn@D)  HVGD-F@b) | <FV_TH
" D, G, )) otherwise Eq.(3)
and
- |Batab) i1, 0-F by |<FV_TH
T, ))= . ' Eq.(4)
F,(,j) otherwise

where the block (a,b) in (n-1)st frame is the prediction of block (i, j) in the nth frame, and
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of current frame P1(i,j) and T1(i,j) fromthose of
w0 b@sotassl ous frame by equations Eq.(3) and EqPCHEYS2007/074748

Pnj)- [11(b) if Wn(i, j)-Fn , (a, b) <FVTH Dn 1(i, j)

otherw se Eq.(3) and Fn_1(a, . b) if Vn (i, J) -

Fn_1(a, b) < FV _ TH Tn J) :@q (4) Fn-1 (i, j)

ot herwi se where the block (a,b) in (n-1)st frame is

the prediction of block (i, j) in the nth frane, and

WD 2008/ 016882 PCT/ US2007/ 074748 20 FV THis a

FWr €Hheh dhrediol Vr divVf difficesnce. [ 0083] Step S 142 is

foll owed by step S 144, where the device 10 assunes

fdwes) t he Q@})rtsqflz fORUSWEDBY S ST, &y IRSE the A Gic8 @0 hlumes that the
estimation herefore, the focal | ens p03| tion

g&{e? ?C?(ﬁlg :Eglzvety% rﬁJ}g a.l:cqﬁrgcg hptF\és@Iﬂgtl Eﬁd tl%ﬁv%ﬂqans position

est c ased on suc oglic
E%Teﬂ)g cgz)rtg tk?;j %eg? Ndﬁl(? }; t(;%%q%taj) i é ‘)363 )aﬁaﬁﬁ gp (S}}%h logic, the

zfVn(i, J)?Fn-1(i J &Vns Jb
Eaal(ﬁﬁ% andjF ylazfamqtery)m@rbx f{quamr@ﬁf( §5) b ﬂ((@ J)
and Fn(l,j)=max[FnI (i, J vn (i, J)' Tn (i, J)J

)’
wh
JEgl(g) N R défé;r)lwé%f)(‘%‘ Leildvs 74\t’l‘]?nsqo
(BDW B{‘%&’?? b, (i) g§d<{FW @p@A(om&W@(ggyﬁrTg@g;l Eq.(5)
o v PV (é(b@ IR SN et B AR (o
126:; an P1(i

and

F, G, j) = max{F, G, ).V, G ). T, G )

Eq.(6)
where {Dy(i,j)} and {F,(i,j)} (i=1,2,...N, j=1,2,...N) are the final determined block depth
map (BDM) and focus value (FV) map 38A of the current frame; {My(1, )} and {Va(i, )}
are the internal BDM and FV map obtained by the autofocusing process 126; and {P,(i,
D} and {T,(1,j)} are the internal BDM and FV map obtained by motion prediction.

[0084]As expected, the equations Eqs. (5) and (6) are not accurate for all cases.
Equations Eq.(5) and Eq.(6) would fail for some difficult scenarios such as when
occlusion/exposure occurs. In general, it is reasonable to assume that the video frames are
captured at a speed of 15-30 frames per second, and the object in the frames are moving in
reasonable speed, so that an object would not move too far away in neighbor frame.
[0085] Heuristic rules refer to the assumptions and logics for equations Eq.(3)-(6)
set forth above and in the flowchart shown in Fig. 8. These rules are actually coded in the

programs, and the history data are stored in memory 60 to estimate the depth map.

[0086] After the BDM is obtained, the image depth map (IDM) is calculated at



j)} and {T1(i, j)} are the internal BDM and FV map

obt ai ned by notion prediction. [0084] As expected, the
weqwaniesss Eqs. (5) and (6) are not accurate fRECT/EHBE1007/074748

cases. Equations Eg.(5) and Eg.(6) would fail for

some difficult scenarios such as when

occl usi on/ exposure occurs. Ir?beneral it is

reasonabl e to assume that the video frames are

captured at a speed of 15-30 franes per second, and

the object in the frames are noving in reasonable

sipe8d46 sont thatBlavl rohjleef stwpl 1d4 rhatednmvihetsamc fapproasteyescribed in

in neighbor frame. [0085] Heuristic rules refer to the

ASSHORRD NG pAN et @BInGSrodRS 1901t tthORS ! Fadedhod D) Thusethe BDM of
forth above and in the flowhart shown in Fig. 8.
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hi st ory ata are store In nmenory to es
ﬂﬁﬁgﬁﬁ‘g map. [0086] After the BDMis obtained, the
' epth map (IDM is calcul ated at WD 2008/ 016882
PCT/ US2007/ 074748 21 step S 146 fromthe BDMresults
B84t ep S RawrHagde ep 1Sﬁ§9,shfn@ea%¢raa%wae§crNQedSﬁen S139 is

relation to the depth detection process 130 for the '
fliowicdibyesgep SbHlewhdhukg histoey BDMllodl overt eft Std#1#6, rollover history
subject to artifact reduction 131A and bili near

fdfdrs o ithg fdllovhng adteals: {ff {hkaflobal IBicnHi G, tB) GNIVOS @reater than a
Returning to step S139, if the determnation is "NO "

ﬁﬁ@sﬁoﬁ?%gdét&ted‘ %Hl&i’ﬁ%ﬂ%ﬁh@%@tﬁe@l&ﬁ WRRNVE o BRI SEQHeY, then the

Is rolled over. At step S 140, rollover history

{alglgs:({f’s rneilﬁta rﬁ%\} oéclc%{lten ege {1 ?lpﬁlsto Ig({] et a%ig hem% éc?ﬂlovernent

I'S rea an a res

etecte whi c e caner a Iens

FiEions bhsostes iR ﬁ@rt IRERS: ot Fhl1At Nﬁfﬁ@nﬁﬁF 11)=Va(i), and
accurate scene depth history and estimating the object
PheRIE Hi2 e stqﬁeﬁié%IPMgmi Bgmgls@iry pepeavious fmoshi Stepakld is then
set Di(i,j)=ML(i,j) and F1(i,j)=V1i(i,j), and clean up
tdilewstl bystpBDMband FV map hi story of previous franes.

Step S140 is then followed by step S 146. [0088] An

Bpl e fopndsaRpE! forldeMEnitheinp tRE BoseRiof HIG. 88s isBown in FIGS.
shown in FIGS.

9A-9F. FIGS. 9A and 9B show the image of the first frame 82 and the corresponding
th
BDM 84. On the other hand, FIGS. 9C and 9D show the 30 frame 86 of the video and its

corresponding BDM 88. FIGS. 9E and 9F show the 60th frame 90 of the video and its
corresponding BDM 92. In the video, a plastic bottle rolls to the camera from a far
distance. It can be readily seen from these figures that the process 132 is capable of
catching the movements of the objects in the scene and reflects these activities in the
obtained depth maps.

[0089] In FIGS. 10A, 10B and 10C, the image depth maps (IDMs) 94, 96 and 98
generated from the BDMs 84, 88, and 92, respectively, shown in FIGS. 9B, 9D and 9F

using the process 132. The IDMs 94, 96 and 98 obtained by using the depth detection



9A-9F. FIGS. 9A and 9B show the image of the first
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the video and its th corresponding BDM 88. FIGS. 9E
and 9F show the 60 frame 90 of, the video and its
corresponding BDM 92. In the deo, a plastic bottle
rolls to the camera froma far distance. It can be
readily seen fromthese figures that the process 132
is capable of catching the novenents of the objects
proctd38¢EIe 3and refl ects these activities in the
obt ai ned depth maps. [0089] In FIGS. 10A, | OB and |
OC, the inmage depth maps (1 Dvs) 94, 96 and 98

g&ﬂgﬁﬁﬁ%g i omdheBDVs 84, 88, and 92, respectively,
shown i EI . 9B, 9D and 9F wusing the process 132.

DVMs 9 96 _and 98 in b sing t dept -
@@? 8Lt i on WOZ0U8IUL g‘h%%mgéo%%faé‘}ﬁ‘%ﬁ% iy 5% Bipllred an image
rocess 13 FIG, 3). Stereo .img ir generation . :

F@@é@]l%é?@ Pétﬁﬁlﬁd AGRITERORAE MAZQ iR th Tanad e Mot goneration
10 has captured an image or left view and obtained a
sofnlesiBorsas myimsgsguidzpengtiomprocTisel 42nwlgieh pail now be described. At
generation nodule 42 uses an inmage pair generation
stepSesbth 48t whwdhomainkd acivtdb@roegerditpachagdtiepts trep fOm the depth
144 the left viewis obtained and its correspondi ng

HEBaRNGRRs MRPor 132Nt tiaf Sdepidvbiaeiect i on process 130
or 132 at step S146 is obtained. [0091 ] While, the

PSP B3 " VSRRCR R PR 5ERSrdd ubbE S 23R et
BueraRe et frd T bR E0Re i RiatscobiCul BT R @ noge could
dept h, map obtai ned at step S 146, a disparity map

Pe srnsieeaddhe Belityigy x Ehad, Beseden the imaee %@E Hy@i%t%nqdrﬁt step S146,

both views) for the
a disparity map (the distance in pixels between the image points in both views) for the

image is calculated at step S148 in the disparity map sub-module 44. The disparity map
calculations by the disparity map sub-module 48 will be described below with reference
to FIGS. 12A and 12B. Both the left view and the depth map are also input for calculating
the disparity map, however, for the 3D view generation, and the left view and the depth
map directly contribute to the Z-buffer based surface recovery. Step S148 is followed by
step S150 where a Z-buffer based 3D interpolation process 146 by the Z-buffer 3D
surface recover sub-module 46 is called to construct a 3D visible surface for the scene
from the right eye. Step S150 is followed by step S152 where the right view is obtained by
projecting the 3D surface onto a projection plane, as best seen in FIG. 12B. Step S152 is
carried out by the sterco view generator sub-module 48.

[0092] In FIG. 12A, the geometry model of binocular vision is shown using the

Left (L) and Right (R) views on a projection plane for a distant object. In FIG. 12B, F is



image is calculated at step S148 in the disparity map

sub-nmodul e 44. The disparity map calculations by the
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Z-buffer 3D surface recover sub-nodule 46 is called

SInERNEE Ketak, shdIxy, R ar@thetpj &N ints bPMe T onto
{)he ri ght eye. gtféé i %O QGdbfy’&qlgO\/\/F:d t%?&‘lstepp% 152

{’M%q f ah8Gi ﬁ%lfo&%}ecﬁ&? ahs. o@l?&{aﬁ/e% Bﬁtgl 85‘11!161901‘ l:’;?&&g B on the

SUF ace o a pr0j ction est een |n

12B. .Step S152 is .carried out eo v
Bt BRnSUBS ot 84 i T o8k tﬁ?{%ﬁlﬁ%épa& gl XR> (1))
ﬁpgmetry nodel of binocular visiagn is shovvn u3| ng
8l (L) afashavghin HIR) 13B.dhgragn o4F gpép exdafipad m e&ﬁéﬂqrbﬁq (7) as
a di st ant Obj ect. In FIG 12B, F is WD 2008/ 016882
PCT/ U 07 48 53_§Che focal length, L(XL, YL, O is
the | ( ) is the right eye, T(XT,YVyT, z)
is a Sp g@lntx e ggene, andEF(p, yp, F) and
QxQyQ F) areLthe roj ection p0|nts of the T onto
the left and right projection planes. Cearly, the
woeticzohthe depthsi ti on of P and Q on the projection
pl anes are (XP-XL) and (xQ xR), and thus the disparity
i s d=pd aRanéd)s K@) xhd [9) fo[lcb)@%] As shown in FIG 12B,
the ratio of F and z is defined in equation Eq..(7) as
F XP - xL xQ - Z&ZXT XL XT - xR Eq.(7) where z is

the depth. oaq_tl ns 8) and (9) followas _F
XP - xﬁpﬁ (XTL q( B L : Eq.(8)
Xo =XRr = ?(XT —Xg), Eq.(9)

and thus the disparity d can be obtained by equation Eq.(10)

F
d :?(XL —Xg). Eq.(10)

[0094] Therefore, for every pixel in the left view, its counterpart in the right view
is shifted to the left or right side by a distance of the disparity value obtained in Eq. (10).
However, the mapping from left-view to right-view is not 1-to-1 mapping due to possible
occlusions, therefore further processing is needed to obtain the right-view image.

[0095] Therefore, a Z-buffer based 3D interpolation process146 is performed by
the Z-buffer 3D surface recover sub-module 46 for the right-view generation. Since the
distance between two eyes compared to the distance from eyes to the objects (as shown in

FIG. 12A) is very small, approximately think that the distance from object to the left eye
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disparity d can be obtained by equation Eq.(10)
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HPisETRRAG bitg 0o HRLRRES R 5 hORIME (PP Phore vy
t hink . that. the,di stance fromobject to the left eye WO
FEORTOPREEN Bk 89007/ 074748 24 is equal to the
distance fromitself to the right eye, which would
g084at | y si Rplermng paye to EKF U154t @Itsinl.Svaléf‘r Bosess, 14§ tejagsopstruct the
map Z(x,y) (where Z(x,y) is actually an inmage depth
pR;siblbsurface forthanghmknewnllmap tealcbaibddt Acthe Hyginsing (step S166),
mai ntai ned for the Right (R) view where x,y are pixe
hesiepihanap R idikielizédewinfifd§98lep Rabe iy follgwbd By s@p Bl €Swhere a pixel
15A and 15B, the process 146 to reconstruct the 3D

B P B 5 BT L M oy it s

B g B A AT ) SRR i

ere
R oy S ich e YT IRIET (x0.v0) Tn the Teft
Z(x,tdy, y) =min[Z(x,+d,, y,), 7] . Eq.(11)
[0097] Step S170 is followed by step S172, a determination step to determine

whether there are any more pixels. If the determination is “YES,” step S172 returns to
step S168 to get the next pixel. On the other hand, after all the pixels in the left-view are
processed thus the determination at step S172 is “NO,” and step S172 is followed by step
S174 where the reconstructed depth map is checked and searched for the pixels with
values equal to infinity (the pixels without a valid map on the left-view). Step S174 is
followed by step S176 where a determination is made whether a pixel value (PV) is equal
to infinity. If the determination at step S176 is “NO,” than the pixel value (PV) is valid
and can be used directly as the intensity value at step S188 of FIG. 15B.

[0098] If the determination at step S176 is “YES,” for such pixels, at step S180
first calculates the depth for the corresponding pixel by 2D interpolation based on its
neighbor pixels with available depth values. After that at step S182, the disparity value is

computed using Eq. 10 above and then at step S184 inversely find the pixel’s



zo and disparity value do, the depth map i s updated
for its corresponding pixel in the right viewin step
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determ ne whether there are y nore pixels. If the
determination is "VYES," step S172 returns to step S

168 to get the next pixel. On the other hand, after
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08/ 016882 PCT/ US2007/ 7474 25 correspondi ng pi xe

% 1(%1?% rofnihneeo\ﬁr] efc\fvsha%te Sﬁn& A]Ttgo%lnt%%l % ]?G\Qﬁﬁﬂ %’r S&E eéec]tSGCIGarly,

orre p n i xel vai |l a step S18
fhg1nrg e%?@%msf@gm a1ca qur#sﬁ AFY é% BB ﬁﬁ.%@d problem. In one

|ntenS|ty val ue can be used on the right-view pixel.

fnaver veluion, the derrl ofanieving pixel iriceqvesidely Bsingdsingighbor pixel in
"NO " step S 186 is followed by step S 190 whi ch uses
horiznpd|datctaom ¢aorcpdaiingtoefurther surfaen svithyarv adsumphas éltht no other
on its neighbor pixels in the right-view wth

aidild affa@ed BEhHISIS ity thealcstRS Fol &289dastd, tHeSashu@gidnanight Be invalid.

poi nt out that the benefits of using the proposed
To consider more possible cases, in the proposed solution, the surface recovering

considers depths of all neighbor pixels in all directions, which will reduce the chances of

invalid assumption and will result in better 3D continuity of the recovered surface.

Experimental Results

[0100] The device 10 can be implemented in a MSM8K VFE C-SIM system.
Experimental results indicate that the captured and generated sterco images and videos
have superior 3D effects.

[0101] In the experiments, an inexpensive red-blue anaglyph generation process
152 was used to demonstrate the resulted 3D effect, although the generated stereo views

are feasible to be displayed by other mechanisms such as holographic and stercoscopic



algorithmover the direct intensity interpolation
method is that it considers the 3D continuity of the

woRjso1688hape which results in better reali sm PQGF/US2007/074748

stereo effect. Clearly, the problemof recovering
invisible area of left viewis an ill-posed problem

In one known solution, the th of mssing pixel is
recovered by using its neighbor pixel in horizontal
direction corresponding to further surface with an
assunption that no other visible surfaces behind is
devitselstherfast Eperigene tikastekp iage psisuwpid abculdtgdisibg different
i nvalid. To consi der nore possible cases, in the

RIAPELRLh 84p addEnSkitdiPBE cHbREPYRIhPEna IngHBES As shown
depths o F%heﬁahbagzplxels in g?l dlgecﬁggﬂihgﬁhlch "

4"]:Gsr qg}ﬂl]ca%d %Cﬁ@qg%g en Loy {y Q%Stﬂggﬁé’ﬁym?a%h (Ijnage depth

resu etter I nul ecovere

%]é{) fsﬁé:; H’Eﬁ?};gt (gt%f{/g%ﬁg\%ﬂé g%lcl) ;glglél%] 1\1/e| acl:ceculirL Qe 1rnage depth

Experinmental results indicate that t he captured and

Ben éh%ﬁf%ép El@r@b Glauge sharsgulis indisate thatvie spiperimptedsimage depth
effects. [0101] In the experinents, an inexpensive

mep rixulien anayllypmagenedlay aonsipg deessurat5Rpitamapseldch proves the
denonstrate the resulted 3D effect, although the

gestepcafoeladeer €0 views are feasible to be displayed
by ot her nechani sms such as hol ographi c and

fh1@pposcopif sIRARO8HA1B8R% B8/ 19%2%973 rOUBEAS dede 10 provides

devices. In the first experi nent stereo inmge

ge% e%%turlﬁ aﬁ% %e?guoglséf%gergd f 89804 Vhile&g Sl"h%fdelvﬁgqﬁ employs

éra He  COrres ond| ana

shomn in FIGS 13A and 13B. FIG. 3A
r?g‘FQfP%‘t?II]&ypr8§?Sﬁ@S ehe H&’&BF%PE%&%W SHEGE G 14 Fh‘aﬁapture and

shown in FIG 6E, and the FIG 13B is generated by

geicHyC thestaee imapce angriigeosd d be Rutofagysiap ovarcssrtharang@a sensor is
Clearly, the results indicate that the approxi mated

utitivgd tdeptithate iapdepels uiformatioa «fithe kamote whgetsquahd tognasror video
usi ng the accurate depth map, which proves the good
Pt i BB complexity algorithm is provided to detect the block depth map based on
motion information, focus value, and frame history statistics.

[0103] The device 10 is constructed for real-time applications so that
computational complexity is a major concern. However, device 10 estimates the object
depth in a coarse-to-fine strategy, that is, the image is divided into a number of blocks so
that an associated block depth map can be detected quickly. Then a bilinear filter is
employed to convert the block depth map into an approximated image depth map. For
sterco image generation, a low-complexity Z-buffer based 3D surface recovering
approach to estimate the missing views.

[0104] Experimental results indicate that the captured and generated sterco

images and videos have satisfactory 3D effects. The better focus functionality of the

sensor module 14, the more accurate the estimated depth map will be, and thus the better



[0102] In summary, the nonoscopic | ow power nobile
device 10 provides real-tinme capturing and generation
W@R00sH&i88D | mages and vi deos. The device 10 enpltDYS2007/074748

t he aut of ocusi ng processes of a nbnoscopi c canera
sensor nodule 14 to capture dgd generate the stereo
i mges and vi deos. The aut of u3|ng process of the
camera sensor is utilized to estinate the depth
informati on of the renote objects in the scene. For
video capturing, a lowconplexity algorithmis
theswiretectfdcothdgirediced headel amdlvidbeptakic.map based on
notion information, focus value, and frane history

fi186] Sti csThé %@é’dmér B&scEBNOIE 8 e cnfbodRRGHd $Ch8ndc@fion has been
real-tlne applications so that conputationa

gt%?alt&f(fotr }SFxh)gse% dﬁﬂl@r&afé &rﬁd @escgﬁﬁv qf is n%ﬁﬂti&%e& % be exhaustive

mat es Obj ec coarse-to

t hat i ma i vided, int

B foprBe ke eaShiandp i PbSodim bRt R variarions
be detected quickly. Then a bilinear filter is
gyl lﬂloh?jrs mféla% 2ol SRAURSSUPERY epRcIHIrR §m practice of the
approxi mat ed i nage depth nap. For stereo inage
genetrat i Ik cndollioventompt ehosey aidd destribed ipasdul taExpdain fleqeinciples
recovering approach to estimate the m ssing views.
bOthe 4jvemipe hndiznpiattida applicatiomnd @abe dnbakillel én SRRk lize the
and generated stereo inmages and vi deos have
RREARIAGH Yirbus Rnfbbliftdnds a@%ltﬁ%hgﬁs %@lﬁ?catlons as are suited to the

functlonallty of the sensor nodule 14, the nore

PP G DB ahes AU BBE D honreSt S ish Tt ffimed by

%w&é@%ﬁpea@g@ﬁ%‘r‘é@?eqd"%%%ﬁ&%&%%ﬁ%ﬁﬁ o the

i nvention has been presented for purposes of
illustration and description. It is not intended to be
exhaustive or tolimt the invention to the precise
formdi scl osed, and nodifications and variations are
possible in light of the above teachings or nay be
acquired frompractice of the invention. The

enbodi nents were chosen and described in order to
explain the principles



of the invention and its practical application to
enabl e one skilled in the art to utilize the

WO pos801688n i n vari ous enbodi nents and with varP@IES2007/074748

nodi fications as are suited to the particular use
contenplated. It is intended that the scope of the

i nvention be defined by the ai ns appended heret o,
and their equivalents. W 2008/ 016882

PCT/ US2007/ 074748 28 WHAT IS CLAIMED IS: 1. A
nonoscopi ¢ | ow power nobil e device conprising: a

si ngl WHAMSKS CELAR®IED $$nsor nodul e operable to capture
an i mage and havi ng an autof ocusi ng sub-nodul e

oper apl e t A& ASIRESHIORVRPOHREL mbBiIfUSvRRohipPRinBY MOVi ng
a lens through an entire focusing range via a

\fM.o;: ﬁsg Qir%r%fé.[s%ﬁfo‘? ?aﬁ@rq s&gﬁof' ﬁlo\%ﬁlte otpgl%bfeq{'} W tﬁr%%hqﬁlggeg%n;d haelwing an

Xl mum T ocus val ue en - capturi ng the 1

d h ma ener,at or _assenb operaple.in a first-stage

P Biadynb sHEPE e BOES (el A S oty Tz a fens
usin%>statjstics fromthe autof ocusi ng sub-npdul e and o
hrough anecidigl fasusigs rangeday e fopising nragese arfbiot selash e fagep position
an image pair generator nodul e operable to create a

wilth sii magiseooiodusNadwe Whaneapheingdbgtneged i mage to create
three dinensional (3D) stereo left and right views. 2.

The dedeme nelp gehéator hssewiddy epctatilin 4 fiRGStapatid develop a block-level
generator nodule conprises: a disparity map

§éﬂ?ﬁ 'HP&%JJ ﬁlﬁofﬁgﬁ@aﬁ‘l?g@gg%‘ Latigrs ardth SR@khioYo dﬁ@lﬁg bas&fodfle and in a

di'stance i n pixe ween i mage points in the left

SO0l A SR 0h LRGP Son  georet Ty for the
cap?ure I mege er el € captured i mage represents
the left view a Z-buffer 3D surface recover

sub- nBRUTECHRE LEHTEOF BOLYREPTARI (ACSHe P HRRsEaRd Yey from the
for the captured image fromthe right view, and a

eapdred ipgafo geaats thrasrdimanmsionsdi (A1) styee kol andirght picvjsect

the 3D surface of the right view onto a projection

pl ane2. 3. The ddeicecef ofiml hi mMwherewhereiimagd @afrogansratg module
process of the autofocusing

comprises: a disparity map sub-module which calculates a disparity map based on a
distance in pixels between image points in the left and right views of binocular vision
geometry for the captured image wherein the captured image represents the left view; a
Z-buffer 3D surface recover sub-module operable to construct a 3D visible surface for the

captured image from the right view; and a stereo view generator sub-module operable to

project the 3D surface of the right view onto a projection plane.

3. The device of claim 1, wherein the focusing process of the autofocusing
sub-module in a still image mode performs an exhaustive search focusing process to

capture a still-image, and in a video mode, to achieve real-time capturing of a video clip,



sub-nmodule in a still inmage node perforns an

exhaustive search focusing process to capture a
w@eioBl1688mge, and in a video node, to achi eve PEHUS100TIE74748

capturing of a video clip, WO 2008/016882

PCT/ US2007/ 074748 29 is initjated with the exhaustive

search focusing process and follows with a

clinmbing-hill focusing process. 4. The device of

claim 3, wherein the depth nap generator assenbly in

the second stage is operable to reduce artifacts with

B ibitilatedesith fhiclekbkaustibe schidh fdevditepotesslaad folhwsomaeh @icimbing-hill

in the second stage, the depth nap generator assenbly

forusiRepaRk&. t o: obtain a depth value of corner points

(A, B, C, and D) of each block found during the

focusjng p t

valuehof ngﬁgﬁéggf%ga%@ggkgho?hqﬁeB@%peéﬁpgﬁ%%%ﬂg§$ﬂMMylnﬂm
dept a _nm ddl e. poi nt .S de ned by d

HShS s Bt bl R RS ekt Wign & tifpe Bl e e dept 1

values of the nelghbor|ng bl ocks; and after the depth

val uedof allhe dswice fndpinp dh rwhserf{% inpgthe zegop @)ag%.rf@e depth map

obtained, the bilinear filter is operable to obtain a

gﬂweﬂmdagﬂhwyabopmabbp®xels i nsi de the bl ocks. 6. The

device of claim5, wherein the bilinear filter is

f ur t helstaidpedeptl wliicof @l pbauts( A, B3 (P axdD) degich bk feéund during

dp for pixel P (xp, yp, dp) in accordance with the

BRYBLsHE PR 3008l ALFRRAIREHINEEOR U LEAAAR of FBighBormeblocks of a

respective block where a depth of a middle point d is defined by

di+d,+dy+d,
4

d =

2

where dy, dy, d3, and dg4 are the depth values of the neighboring blocks; and

after the depth value of all the corner points (A, B, C and D) are obtained, the
bilinear filter is operable to obtain a pixel depth value of pixels inside the blocks.

6. The device of claim 5, wherein the bilinear filter is further operable to

calculate the pixel depth value dp for pixel P (xp, yp, dp) in accordance with the

equation



(XP -xA)4 +(YP -YA)4 d +
(XP- xA) 4+( Yh- YA) 4+( xh- xB) 4+( YP- YB) 4+( xh- xC) 4+( Yh- YC) 4+

W@ 20080D3842+( Yh-YD)4 A (XP -xB) 4 +(YP -YB) 4 dBCT/US2007/074748
(XP- xA) 4+( Yh- YA) 4+( xh- xB) 4+( YP- YB) 4+( xh- xC) 4+( Yh- YC) 4+
(xp-xD)4+(YP-YD)4 (xP - xO 4 + (YP -YO4 d +
(xP-xA)4+(Yh-YA)4+(xh-xB)4+(YH1YB)4+(xh-xC34+(Yh-YC)4+
(xh-xD)4+(Yh-YD)4 C (xp - xD) 4 +(YP-YD) 4 dD.
(XP- xA) 4+( YP- YA) 4+( xP- xB) 4+( YP- YB) 4+( xP- xc) 4+( YP- YC) 4+
(xP-xD) 4+( YP- YD) 4 where position values and the depth
valuespéor the corners points (A B, C and D) of the
bl ock ‘are denoted as (XA, yA,4dA), XB, YB, dB), (xc,
Yc, dc), (XD, YD, dD) 7. Gphey)devicg of claim 3, .,
further comprising _a viddeo cadjng e Tor. coding 44"
t he vi%deo‘sgﬁlypp yéﬂg&ar é’i)quyﬁdygrjb(\ﬁ gﬁg%t&)i Srrge TP
informati on for calculating the block-Ievel depth
map, the video coding nodul g jbeing,
det er mre—re '4 e -= =-.-'= Fhe—depth—rap 7 795
gener aor)asgephl y-peihg tepepabke n+thersedond,)stage’,)
to detect and estinmate depth information for
real -time capturing and generation of stereo video

using the statistics inféﬁnapio%pﬂﬁgn1the not i on

esti maf iont, fhe FoguS] rocess, . and hjstory datg ., 4¢"
plusnﬁéu?ps#%E%FL?gé'%ggg%tgéhaz)fFﬁaﬁthgtE%Ue%E%@ﬁﬁﬁ)
fromwhich the inage depth map is derived. WO

2008/ 016882 PCT/U82007/01A24§4+§}ﬂ8¢-The devi ce of

cl ai ; i dp.
gener avor, modul'e’ f 65 ~di ‘spleayihyonct he, dispicay phevaD,’
stereo left and right views. 9. The device of claimS8,
wherein the 3D effects generator nodule is

where position values and the depth values for the corners points (A, B, C, and D)

of the block are denoted as (xa, ya, da), (XB, yB, dB), (X¢, Yc, de), (Xp, Yp, dp).

7. The device of claim 3, further comprising a video coding module for
coding the video clip captured and providing statistics information for calculating the
block-level depth map, the video coding module being operable to determine motion
estimation, and the depth map generator assembly being operable in the second stage to
detect and estimate depth information for real-time capturing and generation of stereo
video using the statistics information from the motion estimation, the focusing process,
and history data plus heuristic rules to obtain a final block depth map from which the

image depth map is derived.



operabl e to produce a red-blue anagl yph i mage of the
3D stereo left and right views on the display. 10.

wab@sdessre of claim1l, wherein the nonoscopi cCPCT/US2007/074748

| ow- power nobile device conprises one of a hand-held

digital canera, a cantorder, and a single-sensor

canera phone. 11. A nobnosco lc | ow- power nobile

devi ce conprising: mneans for capturing an inmage with

a single sensor; nmeans for autofocusing a | ens and

determ ning a best focus position by noving the |ens

t hr ough anThatdeviec fobclesmny, fuathgie camnprifing asdikb@eay iand at i@ cffects

focus position with a maxi mum focus val ue when

g@ﬁkaﬂéﬂ 1A8d 18 €orl IRURinBRIAS diPlaydBOSDAkdr&DIckting right views.
irst-stage a bl ock-level depth map automatically

Usi ngq st a‘rhe?tde%efJfoé‘igﬁﬁ‘%haxHﬁé%&ﬁcéﬁg' 9 &‘Fe%&s%é}{égatwn%dule is

epth map; an r

second- st age an I mage neans f

creat.i a. mssi second vi ew from capt.ur ed. | e

iR B o i EPB RS an e B a P FE R Ay on the
views. 12. The device of claim 11, wherein the

@%@@Yﬁng nmeans conprises: nmeans for calculating a
disparity map based on a distance in pixels between

i magel@oi nTke devieche dlaft 1, veredein thghrhonaseeysc bfw-powercmblte device
vi sion geonetry for the captured i mage wherein the

canprives dne ofragand-dpidedignilcatlee, ladfainceidRy, andensifglt @ensdPcamera
surface recovering with Z-buffering for constructing

oHd visible surface for the captured image froma
m ssing right viewpoint; and neans for generating

stereg, vi .Qj [ - r . 3D surface
oo DL R BRARE LR, 35 AR Sl

PCT/ US2007/ 074748 32 13. The device of claim 11,
wher eMFARHET SANYTFATSIHES RARASIEle FUHES neans  for

perform ng an exhaustive search focusing process to '
capt umeans ot apiofqoypige ajlanspansk dqt¢rmining a best focus position by moving

the lens through an entire focusing range and for selecting the focus position with a
maximum focus value when capturing the image;

means for generating in a first-stage a block-level depth map automatically using
statistics from the autofocusing means and in a second-stage an image depth map; and

means for creating a missing second view from the captured image to create three
dimensional (3D) sterco left and right views.

12. The device of claim 11, wherein the creating means comprises: means for
calculating a disparity map based on a distance in pixels between image points in the left
and right views of binocular vision geometry for the captured image wherein the captured
image represents the left view; means for 3D surface recovering with Z-buffering for
constructing a 3D visible surface for the captured image from a missing right viewpoint;
and means for generating stereo views by projecting the constructed 3D surface onto a

projection plane.



i mage node; neans for initiating the exhaustive search

focusing process in a video node; and neans for
w@lkooao14s82 hi | | focusing in a video node to capeCF/ESA07/074748

real -time video clip. 14. The device of claim 13,

wherein the generating neansain the second stage

i ncl udes neans for reducing Zifacts. 15. The device

of claim 14, wherein the neans for reducing artifacts

i ncludes neans for obtaining a depth val ue of corner

points (A, B, C,  and D) of each block found by the

aut of b®.usi Mhe deaasef ¢lhien tepiieryialthealiefoogsiah never agkedes means

val ue of neighboring blocks of a respective bl ock

M YeffomMe RinhexBhuiveisedte f&%hl‘ﬂg éﬁode§s tetdpnad abs)ﬁlld1mage in a still
di +d2+d3+d4 4 where di, and d4 are the depth

TRt mbR, P ARARE R RFiES scihoc R ﬁm&&%& jdeo mode;
nd D). are obt bilinear filtering to o

St B RE B RSifi pLd FiREo ot RLCBRk et Eh il v

deV|ce of claim.15, wherein the bilinear filtering

means | $onpi hedevice ikt by whareeuthgeRg ki HEMBINedR ﬂlféﬁ?‘ﬁﬂd stage

val ue dP for pixel P (xP, yp, dP) in accordance wth

agbecs meaniy@oP 3084104 6882ctRCT/ US2007/ 074748 33 d = P

(xP -xA)4 +(YP -YA)4 d

( XP- x£8§.4+( Yhe d&V)iderdnaimB) 4 wh¥Riny B 4rdank for @ dutingariif@rdincludes

(xh-xD)4+(Yh-YD)4 A (XP -xB) 4 +(YP -YB) 4 dB

ﬁfé&’ns%} dtthibi ﬂiﬁ;ﬂ( ¥huX B éo*-r(lééipo\{m @t(ﬁ Xafﬁ)d‘b)( oftadiEbtbék found
(xp-xD) 4+( YP- D) (xP - )4

by the autofocusing means, the depth value being an average value of neighboring blocks

of a respective block where a depth of a middle point d is defined by

di+d,+dy+d,
4

d =

2

where dj, dy, d3, and ds are the depth values of the neighboring blocks; and

means for, after the depth value of all the corner points (A, B, C and D) are
obtained, bilinear filtering to obtain a pixel depth value of pixels inside the blocks.

16. The device of claim 15, wherein the bilinear filtering means comprises

means for calculating the pixel depth value dp for pixel P (xp, yp, dp) in accordance

with equation



d
(XP- xA) 4+( Yh- YA) 4+( xh- xB) 4+( YP- YB) 4+( xh- xC, ) 4+( Yh- YC,)
W@l 2(0g01688) 4+( YP-YD)4 C (xP - xD) 4 +(YP-YD) 4rdDUS2007/074748
(XP- XA) 4+( YP- YA) 4+( xP- xB) 4+( YP- YB) 4+( xP-xc) 4+(YP-YC, ) 4
+(XP-xD) 4+( YP- YD) 4 where positjon values and the depth
val ues for the corners point 3(A, B, C and D of the
bl ock are denoted as (XA, yA dA), (XB, YB, dB), (xc,
Yc, dc), (XD, YD, dD) 17. The device of claim 13,
further conprising neans for video coding the video
clip @}gf)tured and providing statistics information;,
wherei'n the nmeans for video goding i ncl udes neans for

notion estinmating;, and V\h&r—ejl)m(ty]t‘reug“ener ati ng nmeans

i ncl udes ans h de t1ngs and est] mat g dept 474
i nf or ?rxﬁt fcf’c%ﬁqiéporyfl)r g{axf -?B?%gypcélgt ﬁ(?ﬁ ﬁ@)gtélﬁﬂ ycée%é’r éQpSi g(ﬁf’ o’
stereo video using statistics information fromthe

Epti on estimating neans, . the4gytof ecusi ng means, and
isto d
final (GhFegkt0dept h(xm)4f+KJ@nﬂy ‘r(cjhxgﬁe(ngﬁﬁg“e(ﬁ,ep,_t,)ﬁﬂvmpm)“ ?
is derived. 18. The device of claim1l, further
conprising a display and neang for  generating 3D
effects of the 3D stereo Yeft) ane i ght views on the i
di splay. 19. Thes4device of clajm 184 wherein the+3D = 4°C
effec?;é/’ génép’apﬁ)nggﬁe)%ﬁsgjﬁr glﬁujz:(gs]xca zFJ\/{’éjd;Cg‘l Bé’ gﬁagﬁ’/pyﬁ)

i mge of the 3D stereo left and right views on the

di splay. WO
deViC O €10 i Vv A 1) J D 7 i ¢ 7D
nobi | &, -devige rgonppi$es tpney)of a hantdy hed d di-git alvp—p)
canmera, a cancorder, and a single-sensor canera

phone. 21. A nethod for generating real-tinme stereo

i mges conprising the steps of: capturing an inmge

with a single sensor;

+

where position values and the depth values for the corners points (A, B, C, and D)
of the block are denoted as (xa, ya, da), (XB, Y8, dp)y, (Xc ye, de), (Xp, yp, dp).

17. The device of claim 13, further comprising means for video coding the
video clip captured and providing statistics information;, wherein the means for video
coding includes means for motion estimating; and wherein the generating means includes
means for detecting and estimating depth information for real-time capturing and
generation of stereo video using statistics information from the motion estimating means,
the autofocusing means, and history data plus some heuristic rules to obtain a final block
depth map from which the image depth map is derived.

18.  The device of claim 11, further comprising a display and means for
generating 3D effects of the 3D stereo left and right views on the display.

19. The device of claim 18, wherein the 3D effects generating means produces

a red-blue anaglyph image of the 3D stereo left and right views on the display.



aut of ocusing a lens and determ ning a best focus
position by noving the lens through an entire

WO 0w8s14882 r ange and sel ecting the focus positiRCI/WBI0N7/674748

maxi mum f ocus val ue when capturing the image;
generating in a first-stage a bl ock-1evel depth map
automati cal |y using statistic¥ fromthe aut of ocusi ng
step and in a second-stage generating an i mage depth
map; and creating a mssing second view fromthe
captured inmage to create three-dinensional (3D) stereo
| eft 2atd rThhtdeviceve. cl2izn 1Thevheedihale afiorisedpie 2dw-power mobile
wherein the creating step conprises the steps of:
galicuthritgs dnélio RHaht SheBRgNASQEPE) Pcdth@i@RCend B single-sensor
pi xel s between image points in the left and right
&hﬁﬁgpﬁlkpinocular vi sion geonetry for the captured

I mage erein the captured inmmge represents the |eft
vi ew, ~3D surfacge.recoverin ith Z-buffering for
const Pliot Mt B e e PP e g e die steps of:
image froma nmissing right viewpoint; and generating
a m sAYInG yrmage sifhsinglese@seiing t he constructed 3D
surface onto a projection plane. 23. The nethod of
cl ai muzefocwheg eilang el dettwfiomgsd hept Joap nostiondesmokmg the lens
steps of perform ng an exhaustive search focusing
O GBSH dnéircRpliditi@radgShnd keledtBgaht focas pbditidn witha@eaximum focus
node; initiating the exhaustive search focusing
PARERBen bpt@ind Weomamde; and clinbing-hill focusing

in a video node to capture a real-tine video clip. 24.
The . of. clal 3 ' e ' ' -
ho sbusndingind b o WOEL I b8 SEDRLEHHARAR) Ghnl Yatisis
grti acts,. WD 2008/ 016882 PCI/ US2007/ 074748 35 25. '

AR thepHBEPCBYNE PSP ANG M 2 \ReandsitaSt BCFallg & igagy donit pg: and

step includes the steps of. obtaining a depth val ue
of cofli§aingod ntmess{ng, Weord waw Hjondf theacpbirest kinfagando  create
by the autofocusing neans, the depth val ue being an
tver-digenviahal €30} stoebd¢tband nghtblioeks of a respective
bl ock where a depth of a mddle point d is defined by
22. The method of claim 21, wherein the creating step comprises the steps of:
calculating a disparity map based on a distance in pixels between image points in the left
and right views of binocular vision geometry for the captured image wherein the captured
image represents the left view; 3D surface recovering with Z-buffering for constructing a
3D visible surface for the captured image from a missing right viewpoint; and generating
a missing right view by projecting the constructed 3D surface onto a projection plane.
23. The method of claim 21, wherein the autofocusing step includes the steps
of performing an exhaustive search focusing process to capture a still-image in a still
image mode; initiating the exhaustive search focusing process in a video mode; and
climbing-hill focusing in a video mode to capture a real-time video clip.

24. The method of claim 23, wherein the generating step in the second stage

includes the step of reducing artifacts.



d dl1 +d2 +d3 +d4 4 where di, d2, d3, and d4 are the

dept h val ues of the neighboring blocks; and after the
waelesllesst ue of all the corner points (A B, eERUSO)7/074748

are obtained, performngb ilinear filtering to obtain

a pi xel depth value of pixels_inside the blocks. 26.

The nmet hod of claim 25, wher et the bilinear filtering

step conprises the step of: calculating the pixe

depth value dp for pixel P (xp, yp, dp) in accordance

with equationd = P (XP -xA)4 +(Y], -YA4 d +

( XP- x2§.4+( Yhe w@)hdd(oftel atid) 244 (WHie reYiB) e dibeig ) liF{c¥énstdfCind fudes the

(xh-xD)4+(Yh-YD)4 A (xp - xB) 4 +(Yj,-YB) 4 dB+

{8 orAN i Ml Aotk o Bofek Yo KanDD A oo MGk ound by

(Xp-xD) 4+(Yp-YD)4 (xP - xc) +VY),-YO 4 d +

P- - - +{ Yh- + - + -
LA A 0B e BN Moo
XP-xA) 4+( Y1, - YA) 4 , = XB). YI,-YB)4+(Xx, . X (XP -
fmsithe lockpinsihd Ferth st Pl part €2 e HE Gaptn
values for the corners points (A, B, C and D) WO
2008/ 016882 PCT/ US2007/ 074748 *a& %f Ythe bl ock are
denoted as (XA, yA dA), (XB, YB4dB), (xc, Yc, dc),
(XD, YD, dD) 27. The nethod of claim 23, further
wbonerd; sdndg, bk d stre pheodepth vdwesod diangpighbering blocks; and
after the depth value of all the corner points (A, B, C and D) are obtained,
performingb ilinear filtering to obtain a pixel depth value of pixels inside the blocks.
26. The method of claim 25, wherein the bilinear filtering step comprises the
step of:

calculating the pixel depth value dp for pixel P (xp, yp, dp) in accordance with

equation

4 4
(xP_xA) +(yP_yA)
d +
4 A
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4 4
(p=xp) +(p=2p) J
4 D

Cp=x ) -y ) e o -y, a0 O ) 0 )

where position values and the depth values for the corners points (A, B, C, and D)



video clip and notion estimating, wherein the
generating step includes the step of detecting and
W@2aBMais8Ng depth information for real -time cap@UOBINg7/074748
and generation of stereo video using statistics from
the notion estimating step, the autofocusing step, and
hi story data plus heuristic rties to obtain a fina
bl ock depth map fromwhich the imge depth map is
derived. 28. The nethod of claim 21, further
conprising the step of generating 3D effects of the
d0hs berckard dfnbtednd (x4, §R1 d A @wsSy R dsa(di g@lday (x® 9o, did)e
nmet hod of claim 28, wherein the step of generating 3D

ef fects i MaéHdBDIIClaHh OB, RithBY &ﬂﬂriﬁrisﬁfg the 5@FvPV 180 coding the
anagl yph i mage of the 3D stereo Ieft and right views

0fded l?lzp HERLAYN e&Qna]:c]e gg@fl&&% tP@ getf&ﬁ %‘?‘éé)qgclﬁaés the step of

I mages” conpri sing t teps of ! “aut o

r ocessi ca d. t|II nd es |nat|
Ry Pt o #ngfeﬁeaﬁvél upyeiias Sritvaidiige ¢4 el Ashghton of
a block | evel Eth map; and apprOX|nat|n%r i mage
seise ideapismestatishes o die Mt cUspRe fisp. ¢ seutmftr?@smg step, and
met hod of claim 30, wherein the autofocusing
hiswcedsai psdicepstici misk telelsainhefing bpchidepthmoapsisom gvhti¢tethe image
i mge using a coarse-to-fine depth detection process.

debth Thap ig@drhed. cl ai m 30, wherein the approxi mating
step conprises the step of bilinear filtering the

bl ocks4 evelrndeRkilh dT&Pchn 98T | f&ﬁe@@oﬁgﬂﬁ% 'tl‘[@aﬁt@g o'f%%H&atlng 3D
depth ‘map. WO 2008/ 016882 PCT/ US2007/ 748

Jﬁ&tg‘rgfttng gDoger% %ﬁ@nﬁ%g&%%@v oﬂ t({]sg) %,;Jt of OCUS! ng

determning a
depth aIu of e |nclud|%g cor ner

poi nt %@ r@tﬁ%ﬂ OB)C Wegé’d‘é(?%r@m Hy 6B 9| gkratingefD effects

fth nap and wherein the bilinear filtering ste

P
udienherske efapeducing aeddiiug praghipRemege ﬁéth@éllt sterco left and right
bl ock.
views on the display.

30. A method for processing still images comprising the steps of:
autofocusing processing a captured still image and estimating depth information
of remote objects in the image to detect a block-level depth map; and approximating an

image depth map from the block-level depth map.

31. The method of claim 30, wherein the autofocusing processing step

includes the step of processing the image using a coarse-to-fine depth detection process.

32.  The method claim 30, wherein the approximating step comprises the step
of bilinear filtering the block-level depth map to derive an approximated image depth

map.



34. The nethod of claim 33, wherein position val ues
and the depth values for the corners points (A B, C

warasD)688f t he bl ock are denoted as (xA, YA, dRT/US20B7/074748

YB, dB), (xc, yc, dc), (xD, YD, dD) so that the depth

value of all the pixels withipn the block are

cal cul ated, wherein for a reﬁective pi xel denoted by

a point P (xp, yp, dp), the depth value dp of the

respective pixel is defined as d = P (xP-xA4

+(YP-YA) 4 dA+ (XP xA)4 +(YI4 YA 4 +(xP xB)4 +(Yl4

_YB) 433 ( xPThx ahethad WP cl¥@) B2+ (wiRkrein Dhd autdBcusviyd) processing step

(xP-xB)4 +(yP-YB)4 dB +

é@&ﬁ’ % 4t HBp BANAeERIningB) Akt RralR) dtdaxh %&Ds%#&c‘ﬁpmé’ﬁhﬁfg corner
XP-xD) 4+(YP_YD)4 (xP xO4 +(YP-YO4 d +

gts;( 41%'( &Yq(tl) ?v&f&h [%eﬁe%% é%(t@})%%kﬁe%gep Dlglap n(d Bhereln the

bl}/@%r%{gepng Q%p obggg}s éd%%valut?e; tl?& p;xe(lédgmde)t(lﬁ)%idf K ( %p
YD) 4 35. A still image capturing device conprising:
an aut of ocusi ng nodul e operable to process a captured

still inmage and estimate depth information of renote

obj ec84 i nThhmethodwdelairo 3dewbaringadsitookalvey ehd thepepth values for
map; an i nage depth map nodul e operable to WD

20Q8HRE5EARs PETBUS2QDY ¢Aihd SlockGra paioted 458Kke, fA, dR), (1§ ys, dn),
bl ock-level depth nap an i mage depth map using

Qi | & e@, il g?rdﬂj%o thAWle ABpth BAR HEAIT HRSASEI@RHhin the block are

rmdu e operable to create a m ssing second view from
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35. A still image capturing device comprising: an autofocusing module operable
to process a captured still image and estimate depth information of remote objects in the

image to detect a block-level depth map; an image depth map module operable to



operable to display 3D effects of the 3D stereo |eft
and right views. 37. The device of claim35, wherein a
WO 0w8s14882 process of the autofocusing nodul e PEr/USIAB074748
an exhaustive search focusing process to capture the
still image. 38. The device g{ claim 35, wherein the
i mge depth map nodule is op ble to reduce
artifacts with the bilinear filtering. 39. A video
i mage capturing device conprising: an autofocusing
nodul e operable to process a captured video clip and
ggfroxiatae filkeptie bloflotavalt depth mbp areimtge depth reqt wingbilinear filtering;
scene; a video codi ng nodul e operable to code the
YA BPirkd defhaGraRhbfa@it modO¥H b8 tdtiedte] (Ci%iskiAG QEETRUIVAEW from the
and determ ne notion estimation; and an i mage depth
t . ﬁ{)’l)ds [
[ 5?%%#% ﬁ8?§%&$é§q4#¢%?§%%gurlﬁgég% Ig% rggwgh of
stereo video using the statistics information fromthe
noti on estimation, the process of the autofocusing
nmodul e, and hi story data plus heuristic rules to
obt ai d0-a  fhhasvien fakaidelds Ruthspcempisinge 8B chfscisgprator module
depth map is derived. WD 2008/ 016882 PCT/ US2007/ 074748
erdlc toldheplaeYDadfcofs of thei 3B $Orcovbit ped nglat viorusi ng
process of the autofocusing nodule to achieve
real -tinme capturing of a video clip is initiated with
the exhaustive search focusing process and foll ows
Wi th gy clifhi a8l b clhR¢ YS! RHeRMOE &RBsing brockiCo ¥l focusing
of claim39, further conprising an I nmage pair
r d r to.. t 1 SS]
R P B B AR EARE iRy L Bt Jo Tt e SEPRRLLe.
t hree-di nensi onal (3D) stereo left and right views.
42. The device of claim4l, further conprising a 3D
effects generator nodule operable to display 3D '
ef f ec?& of Thhéed efictrincd S, whercgnie rimghe dente wap nagluleniyeperable
device of claim 39, wherein the depth map nodule is
wpedatel aetifacts wathettle btlinaar fillbtrmignal bl ock dept h map
(P1(i,j)) and a focus value map (T1(i,j)) of a current

39. A video image capturing device comprising: an autofocusing module
operable to process a captured video clip and estimate depth information of remote
objects in a scene; a video coding module operable to code the video clip captured,
provide statistics information and determine motion estimation; and an image depth map
module operable to detect and estimate depth information for real-time capturing and
generation of stereo video using the statistics information from the motion estimation,

the process of the autofocusing module, and history data plus heuristic rules to obtain a

final block depth map from which an image depth map is derived.



frame n fromthose of a previous franme by the

follow ng equations Pnj)- [11(b) if Vn(i, j)-Fn , (a,
Wh2008/0F6882 TH Dn 1(i, j) otherwi se and Tn A FnPCT/[820010)74748

if vn (i, j) - Fn_l (a, b) < FVv- TH (i~= Fn_i (i, j)

ot herw se where {P1(i, j)} and {T1(i, j)} are the

internal BDM and FV map obtaitfted fromthe notion

estimation of the video coding nodule, (a,b) denotes a

block in (n-1)st frane and is a prediction of block

(i, j) inthe nth franme, and FV_.TH is a focus val ue

(FV) #br eshibt deviendf eihei 8D nwhcrkmcalfodusing ppaskd 010the autofocusing

corresponds to a largest FV and is treated as the best

MOdRRA8/ LRARYS Ze LU LSRRG TH OIS 481coABipth thﬁﬁte\dhﬁﬁle ikt exhaustive

the final BDM and FV map are determ ned t he

%‘e% h ge]g'i# Egﬁ fi (vlzlt dc lk}ﬁ 15@ 1 Toc‘&mg p}/&(eks' J)
1

szn?lpbl\EJE)%?Fn i%sl J?&Vnrlf25 J)iTn(l? ]S} J)

Zf Tn(i, )’?Fnl(l J)&Tn(l, )’?Vn(l J) and Fn (i, j) =

maxFn- 1(1i, J)' Tn J)j where {D1(i,j)}

and {ﬁ:h_(, ﬂl? d(:yl-cg_ 02° clainy| 391 -fl_a[_rtlzer ConNpyrisHiRealt HBagg pair generator
det ermi ned bl ock depth map (BDM and the fina

tetlelenapreld orosatead vess{R/yecoap viave speac thovedppyredfiimpgeto create
current frame, and {ML(i, j)} and {V1(i, j)} are the
tha¢cedifdhsiBR (3D steNon@pambtightveslv)y the aut of ocusi ng
nmodul e. 44. A program code having programinstructions

oper abl e upon execution by a processor to: bilinear

filter an inage to determ ne a depth value of each

focus bl ock

42. The device of claim 41, further comprising a 3D effects generator module

operable to display 3D effects of the 3D stereo left and right views.

43.  The device of claim 39, wherein the depth map module is operable to
predict an internal block depth map (Py(i,j)) and a focus value map (T4(i,j)) of a current

frame n from those of a previous frame by the following equations

D, (a,b) VG, j)-F,4(ab) |<FV_TH

EG )=

D, G, )) otherwise
and

T {Fnl (@b) |V, G.)-F,s(@b) |<FV_TH
F,_(i,j) otherwise

where {Py(i,])} and {T4(i,j)} are the internal BDM and FV map obtained from the motion

estimation of the video coding module, (a,b) denotes a block in (n-1)st frame and is a

prediction of block (i, j) in the nth frame, and FV_TH is a focus value (FV) threshold; and

wherein a focal lens position corresponds to a largest FV and is treated as the best



i ncluding corner points (A, B, Cand D) of a
bl ock-l evel depth map, and determ ne the depth val ue

W@ dpp/oofssal | pixels within the bl ock accordi ngp@DUS1987/074748
foll owi ng equati on WD 2008/ 016882 PCT/ US2007/ 074748
41 d = P (xP - xA)4 + (YP -YA4 dA + (xP _xA)4 +(YP
_YA)4 +(xP -xB)4 +(YP -YB)4 +‘t P -xc)4 +(YP -YO) 4 +(xP
xD)4 +(YP _YD)4 (xP-XB)4 +(YP-YB)4 dB +
(XP_xA) 4+( YP_YA) 4+( x| - xB) 4+( YP- YB) 4+( x| - xc) 4+( YP- YC) 4+
(x_xD)4+(YP_YD)4 (xp _xO4 +(YP _YO4 d
Charcexvihdrdin Ye MAYIBI0M and B) MV ma) RrcYd&iied by the following equations
_XC) 4+(YP-YC) 4+(xP-xD)4+(YP-YD)4 C (XP -xD) 4 +(YP

o, U S et

A A D) ar’ég hoted as

(XA yA dA)[P(XB) YBS dﬁin(lméfnyl@ ey, (@, (B, (1) dD)

and a respective pixel denoted by a point P (xp, yp,
dp) .

and

F, G, ) =max{F, G, ).V, )T, G )
where {Dy(i,j)} and {F,(i,j)} (i=1,2,...N, j=1,2,...N) are the final determined block depth
map (BDM) and the final determined focus value (FV) map, respectively, of the current
frame, and {M,(1, j)} and {V.(i, j)} are the internal BDM and FV map obtained by the

autofocusing module.

44. A program code having program instructions operable upon execution by
a processor to: bilinear filter an image to determine a depth value of each focus block
including corner points (A, B, C and D) of a block-level depth map, and determine the

depth value (dp) of all pixels within the block according to the following equation
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wherein position values and the depth values for the corners points (A, B, C, and
D) of the block are denoted as (xa, ya, da), (X8, ¥8, ds), (Xc, Yc, dc), (xp, yp, dp) and a

respective pixel denoted by a point P (xp, yp, dp).



