B o+ (T % s

20 H X E 4
A Study on Self-matching Based Robust Focus Measure

(HOBAICEO L U2 MEHERRICET 5015
HURLHEOE

This paper studies the focus measure for searching a just-in-focus image in a image sequence. It
presents one solution to the problem of focusing un&er ill-conditioning situations. A new and robust
focus measure based on analyzing self-matching results has been proposed. Comparing with tradi-
tional focus measures which have limitation or restriction on ambient light, contrast and illumination
and so on, proposed focus measure is robust against ill-conditioning situations. Out of matching meth-
ods, orientation code matching (hereafter OCM) algorithm has better overall characteristics, which is
recommended and implemented for practical applications.

When lens or object is moved from one side to the other, the sharpness of images changes. There is
only one position where the image is just-in-focus. During this change, a unique pencil-shaped profile
is identified by comparing the similarity of self-matching of any interested window. Based on this
profile, a new criterion function called complementary pencil volume (hereafter CPV) is defined to
quantity evaluate sharpness of images. A local-scope search algorithm is also proposed, searching for
the just-in-focus position, which maximizes CPV results of image sequences.

OCM based focus measure provides a more sophisticated solution to the focusing problem. Experi-
ments under ill-conditioning situations have illustrated that OCM based focus measure is unimodal,
monotonic and invariant with regards to illumination and contrast.

As one extension of proposed focus measure, we use the proposed method to compose a pan-focused
image. A just-in-focus pixel is selected by querying a just-in-focused image in the image sequence.
The relationship between position and sharpness of image has been setup and indexed.

Focus analysis has been used to recover the depth or shape information from the observed scenes. The
depth from focus (DOF) or depth measure is implemented using proposed focus measure. Depth of
image points is evaluated by analyzing the sharpness of points. Depth images are compared using
different focus measures. All experiments have been implemented using telecentric optical system.
Results of all characteristics are presented.

Overall speaking, this thesis is contributed to focusing techniques in image processing and computer
vision by providing a self-matching based focus measure, which is robust against illumination change,
fast and sensitive for applications based on focusing.

The thesis is organized into following chapters:

In Chapter 1, focus measure tec‘:hniques are researched and discussed. Some general problems in focus

measure are discussed and considered. The fields of focusing are also introduced. Meanwhile, the

— 871 —



motivation and object of this study is expounded.

In chapter 2, first we introéuce our proposed focus measure, a self-matching based focus measure.
We describe the foundation of the self-matching similarity and experimentally explain the relationship
between the self-matching and defocus images. A just-in-focus and defocus image feature is soundly
illustrated by analyzing the self-matching similarity. Next, a simple but efficient criterion function,
CPV is defined and introduced to quantitatively calculate sharpness of images. When a image becomes
just-in-focus, the value of CPV reaches the maximum. A local-scope search algorithm is designed to
search this maximum of CPV results efficiently.

In chapter 3, based on the proposed focus measure, experirents are implemented to show the ability
and robustness against ill-conditioning situations. Compared with conventional focus measures, OCM-
based focus measure is considered and suggested as a more sophisticated solution among self-matching
based focus measures. It also has low computation cost compared with other focus measures. Image
sequences under different illumination situations are taken by telecentric optical system.

In chapter 4, the proposed focus measure is applied to compose a pan-focused image. Pan-focused
image synthesis under low illumination condition is also demonstrated to be successful. The robustness
of proposed measure against illumination again is estimated.

In chapter 5, depth from focus (DOF) has been discussed using proposed measure. Depth measure
under ill-conditioning situation is implemented. Depth images are calculated and compared using
different focus measures. Real objects 3D shape reconstruction using OCM-based focus measure is
also utilized. '

Finally, the summary and conclusions are given in chapter 6.
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BREWI, TVFNN A SREERBETREMEOE SEHE, BATHERIUES 3 RTREHE~
DR, ZERREOBWERN LB TH Y, 5%, B3 BSHEEAOIKRICEY, FHARSKK
HIRROD IRV E AR P REGEEFSHRINLTWS, AEECIIRRDICH L TRIMRSBEE %
BRI A7 /774 7FREBELEEREZFA L TCEENBEEZRDI Ry VT HFRBH . Ry
THRIIERREBRENEL LRVWEE 2 FETH Y, BHEFCARBRIN I AT IKEBAZIS
RE, V7 M =TIXDZRENTRTH UV EISHEREVFETHS. LI L, HEOKNEHRL
EHROBRERZLDE2 VIR MAROASEHELFEEL L, BERREL LTHIEBEORE
ELELTL Y, AARKESFBINIMELZHRITHS. £k, SELETORERIC L 5HE
EENZOWTHIG LS RRERBEDO L Z AR YU bR,

AL T, EREDEORRIEGZEEBBE L, ZOEZFIOFLLEEMBELZRD S, =
OB, SEEAVERDT ARRECERTORIHESO B DEEXFAT 5. STER T, &
1 ATREETERY A D, EERRIGEL LBEE L 25, Lieio T, B+ O REHE
B & 0EEERE OB REEEMSTEE TRBOMIEELL, AEERICBVWTARBRIZELT
PR EAEHECHATS. '

B1ET, EROFEFEC VTR, TORBEREZEHL TS, Bi, AEEBIEZHEOH
BOREFECONTHS, 2 CRBEL 2o TWBBRELRT I & T, AFROMEBM T L BrvE
HREIZ LT3,

B2ETIE, BRTORFER L TOEFERL OBCREICESI S v R M REEBEERREBL
TW5, AEEBICHT A X MERHEET S0, BERHUERERICu X NERRBEEDOD
& D Th D5 MF S RRET (Orentation code matching 2L F,0CM) #A LTV 5.0CM THW3
HFRAEL, EROSEHBEAVONTELERO VPSR MCHERKLIIRARY, BED
HAREBCESISHFETHD. Zhic kY, BEESICHT 2 X MEFRERLTVWD. BRF
T8 EF O B CEEEIIC X Y AL S 1 D EHREFIR & MM O BEIRIC & 5 MNAER 5 0 4%
(Complementary pencil volume 2L F,CPV) 12 & ¥ H DEEEELORBRE RELET 5. AEMLEY
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k45 CPV Bk & ir B4 O¥EFRIZIE, Local-scope search algorithm 2R L TEEMEZ K
HLTW3, '

%3 ETILLCPV 2AVWEEEEREZITY, RFAE L OE2E L CTREFEOKFM L AR
LTV, BEARKS, BESNIEROBPEL IV M TR MBRIERRLRRAT TS, BERL S
ENBERHEETEAZLEHALMZILTNS, '

FAETIE, BREFEOLAL LT2EARERESR & RITHEC OV TEREIT> TV 3. B
BATIBVWTHLEAEROAREER LTV Z L5 ,CPV ORELSICHT3E VR
MR LTS, |

% 5 BT, #RFEORA & LT,DFF(Depth from focus) & SFF(Shape from focus) {22\ T ®
EBRERLTWS. BERFIOIRFIIHSME COEBICHE L TVWE D,
BEMEBELLEBORITHEREB/DIZL T, W0 3 RTHRETEITH LN TE S,

ERTIX, RITEBRRRD 2O0OEEYH, BHAEOR2AEEIZOWTRITHEREZRIEL
TW3B, £, BEBFEZIGAL, EWEK0 3 R THRETHARRZ L 2R L TWA.

6 EIARIOMRER->TWVA, .

BLETH, BRPORFTEEL TORFERRL DHCRACE SIS AEEEZRELTWAS. &
DRAMBIC AR MEEERIGAT 5 2T, ERFHRICIRVAESBICHT 5 0 R MERRE
HELTWAREZFHMELE. £/, BRHEEUEZLORIR X 2 FHT 3 72 ) OFEHE (CPV) &A%
BERRETITNANIY XLZMBICERELTWA RAE2EM L.

83 ETI,CPV 2 AVWEEEERZITY, HELFHREETIRARRETIZBNTH
BERKAENEBESEECEIZLZHLARLTWS., 0B MIIAEEA*EESERERE
IRATAFBEREIRVVEETHY, FEMBEZRDABROFHAERE A2 L.

BAERBIUVES ETRRONESHAER T, BASERERIBETIIBWT, REOER
FRNBONDZ L EFTI LT, BRFROVELIICHT 2 AL HRET LTV 5 K&
Lz, 7, BRYEICHTI2EZERICBWC, HEAEIIHT 2 RITHEREEZRIEL, BREFED
BSERBAEZ TR LTV RERMLE.

AR, EFEZRLWARBRREICH L THRWVWE AR MEZETAAEEZ2EBLE. BREF
i, SEMBEERD ZBOARAMREL, »hoENELRAR L REW 3 K RETIC AT
ERFETHY, BEHNTECH LTERT 2 L2 5KR5 b08H 5. koT, EXIIHEEX
FHEL (I%) OFUERFENIERDHILOLAD 5.
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