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Diese Präfung bestcht aus drei Teilen auf die Sie insgesamt 50 Punkte errcichcn können. Für
besonders gutc Begründungen könnr:n Zusatzpunkte erreicht rvcrdcn. Die Dauer dcr Prilfung beträgt
90 \finutcn. trs ciit dcr folsendc Notcnschlüssel:

Note; I z ? ',1

Punkte: :19 37 42 31:36 25:30 0:21

Teil f: Interpretation von Bildoperationen (14)

Im erstcn Tciles sollcn Sie trrgcbnisbilder iiher vorgcgebene Operationen mit dcn gcgcbenen Eingaheirilderri
in Bcziehrmg sctzen. ALrf dcn folgcndc'n 2 Seiten findcn Sic 24 Bildcr clie als Eingabc als auch als
Ergcbnis cincr Bildopcration auftrctcn können. Bcachtcn Sie. dtrss nicht ALLtr Bilder verrn'endet
rvcrdcn. es harrn Bildcr geben. dic niclrt als Eingabc- odcr trrgebnisbildt:r aufscheincr.

Matlab Referenz
Ailgemeines
Die angegebencn Bilder halrcn eine Größc von 350x350 Pix<in.
Graulicrtbilder ha,bcn einen \\rcrtebercich von 0 bis 255 (falls nicht andcrs angcgcben)
Logischc Operationcn rn'erden im R.ahrnen dcr Prüfung nul auf Binärbilder (Schwarz-\\'eiss-Bilder)
angeu,cndct. true r.vird durch den \\'crt 1 (:rvciss) rcpräsentiert, f alse durch den Welt 0 (:schr,r,'arz).

Notationen
Alotrir -4:(o ö\ cdl;Spattrnutl,.for r:(1) x=ly;zf

[; ;) A=[ab; cdi;SPottrnutl'rt 
\:/

Zc:i,l,enuekto, ":(f g) e=[f g]
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Command Reference

Y = abs(X)
returns an array Y such that each element of Y the absolute value of the corresponding element

of X.

Bl,t2 = bwmorph(BlJ,'skel ',n)
with n - Inf, removes pixels on the boundaries of objects but does not allow objects to break apart-
The pixels remaining make up the image skeleton. This option preserves the Euler number-

C=conv2 (A, B)

computes the two-dimensional convolution of matrices A and B.

Bl,J = edge(I,' canny',thresh,signa)
specifies sensitivity thresholds for the Canny method. thresh is a two-element vector in which the
fi.rst element is the low threshold, and the second element i's the high threshold. sigrna is the staadard

deviation of the Gaussian filter.

Y = fft2(X)
returns the two-dimensional
transform (FFT) algorithm.

Y = fftshift(X)
rearranges the outputs of fft,
the array.

discrete Fourier transform (DFT) of X, computed with a fast Fourier

fft2, and fftn by moving the zero-frequency component to the center of

Bl'l = in2bw(I,Ievel)
converts the intensit5' image I to biack and white. The output binary image BW has values of 0 for

all pixels in the input image with luminance g less than leuel and 1 for all other pixels:

bw:oo 9-Qnin <kuel
9ntar - 9mi.n

Il42 = imdilate (IM, SE)

dilates the grayscale, binar5', or packed binary image IN{, returning the dilated irnage, IN{2. The

argument SE is a structuring element object.

IM2 = inerode(IM,SE)
erodes the grayscale, binary, or packed binary image I\4, returning the eroded irnage IM2. The

structuring element, SE, must be a single structuring element object.

y = log1p(x)
computes log(1+x). cornpensatirrg for the roundoff in 1+x.

SE = strel('disk',R)
creates a flat, disk-siraped structuring element, where R specifies the radius.
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Foigende Liste enthält 10 Bildopcrationen. die au{ eines oder mehrerc (2.8. Y t Z) der Bilder A-X
angcwandt u.Lrrden und cincs dcr Bilder A-X a1s Ergcbnis haben. Ihre Aufgabe ist die Rekonstruktion
diescr 10 Bildopcra,tioncn. Tragen Sie bitte die Biidnamen (A-X ) in die Kästchen f d"t jewciligcn

Operation ein. Jede korrekte Anti,r,rcrt r'r.'ird mit einem Punkt bclohnt. Fär jene 4 Anti,vorten, clie

den letzten vier verschiedenen Zt{lern l}rrer h4atrikelnummer entsprechen (solltel nur 3 verschicdene

Ziffertauftreten, so wird durch "4" ergänzt), gibt cs cinen Punkt zusätziich für eine korrekte Antwort,
eincn Abzugspunkt für eine falsche Antwort. Für entsprechend gute und korrekte Begründungen kann

cs Zusatzpunkte gcbcn. die Verluste in anderen Abschnitten ausgleichen können!

o. f = im2bw( J,zoo/zss);

Begrändung:

1. f = 1-in2bw( I,7oo/255);

Begründung:

tl = imerode( n ,strel(,disk,,t1));

Begründung:

I = log1p(abs(tttstrift(fft2(L)))) ;

Begründung:

n = "Hough-Transform" (N);

z-

5. I = J-oglp(abs(fftshlft(fft2(K)))) ;

Rnoriirrr]rrno'

Begrändung:

Begrändung:

il = edge( tr , ' .rtrtry' , [0 .4,0 . 5] , 1) ;

Begriindung:

n = conv2( n,n 2 1;o o oi-r -2-tl);

Bcgriindung:

il = conv2( [,[1 o -1;2 o -2; 1 o -1]);

t.

8.

c.l

Rn orii rr rlr r n o'
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Teil II: Mathematisches Nachvollziehen (20)

In diesem Teil sollen Sic cinfache Bildverarbeitungsoperationcn mrrnerisch nachvollzichcn. Bezeichnc
A[1, M2, XIr die Ziffcrn Ihrer 1\{atri}<elnumrner.

Rekonstruktion aus Kantenbildern (5)

1. Ein 4 x 4 Grauwertbild I wurde mit einem horizontalen und einem vcrtikalen l(antcnfilter/ r \
gcfaltet: H : (-I 7)+I,V : l ', |+l. Ftir dic Ränder wurde in beiden Fällen dcr zvklische

\ -1 /
Abschluß a,ngenommcn. Rekonstruicrcn Sic au.s den 16 bekannten \\Ierten alle restlichcn 32
\Vcrte von H,V, L

2. In dic rnit O gekennzeichneten Pixcl tragcu Sic clic 7 Ziffern Ihrer N,Iatrikelnummer ein
(bclicbig):

L'*

Tip: Dcr z),klische Abschluss stellt cine Beziehung zwischcn dcn vier \\rcrten der Zeilcn r.on H
uncl der Spalten von V her. Welchc?

Tip: diagonal benachbarter Pixcl von I sind übcr zr'r,'ci 4-\\''cge verbunden: zuerst horizontal
und dann vertikal; odcr zuerst vertikal und dann horizontal. Das ergibt cine u,eitele Bczichung
zll'ischcn zr'vei bena.chba,rten \\rertcn von H und r.on V:

1 0 -1
0 1

-1
''t-)

-1
t.t-,

-t

(.1 -1 0

(-,

(*)

L)

3.

5. \\'clche Formcln u'elden für dic Rekonstmktion von 1 vcrwendct?
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RULI Chaincode Grammatik (5)

1. Die folgenden z*'ei Grammatiken G : ({R-,L,),{S'&,L;10
Klasse von RLILI Cirain Codes (CC) nach einer vorgegebenen

P: S---+Ao€oAo-Ro;
nMsl5 Wenn Mz > 5

< i < tt,),,5, P) erzeugen je eine

Anzahl r.'on Substitutionen n.

2. Welche der folgenden Figuren wird von Ihrer Gra,mmatik erkannt?

( f
.'! -\ ),

+ \'
+ J/
tr \'

L + ).
I

k a\ I )/ a\

A:

R;-t*hRt&,I<i<
L;r-L;,I 1i<n;

R -t - Li&.Ri&,RiLi,,L 1i
L.i t-LiRiLr.l (.i<n

)
-\ f\ t(

I \t t( +
,( \ \'

( -L

+ -{ L -( t(

ta lr + ( )r
f \

E:D:

( ta _l .L
( ,L -) tr \

'( t )r
\

L

\' ,( + ,(
,a ) + +\
\t ( ,(

3. \Ä'elche Folge von RULI-CC u,ird von der gen'ähltcn Grarnmatik crzeugt (formale Sprache, z'B

((RL)"R,R)2)7

4. Ableitung des RULI-Chain Codes der gewählten Figur

( \
+ ), t( \t ,r

-\ *a\

), +
+ Jr

-L tr * )r

\t a\ tr )r -:
I
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3 REKOÄsTR,TJKTION,4L.,S L,IPLACEPYRAI\,TIDE (5 P)

3 Rekonstruktion aus Laplacepyramide (5 P)

1. Die Gmndebene einer 2x214 Laplacepyra,rnide inird ar,rs einer det'Figltreu A.B,C,D,E,F des

Beispiels 2 bestiinmt, i,vobei der linke untere Pixel (0,0) des E x B Bildes in der lrigrir als 1,2,3

oder 4 gckennzcichnet ist:

2. Die 8 x 8 Werte der Grundebcne crgeben sich aus dcr Anzahl der RULI-codes des kolre-

spondierenclen Pixels der Figur (0,1, odcr 2).

3. Die Ebenen 4 x 4 und 2 x 2 u,eldcn aris dcr, jew-eilig daruntcr liegendcn Ebenc mit folgen-

cicr Reclrrktionsfiurklion bcstinrnrt: n(o Ü, ) : 144'-'' ^'\c d) , ,*l' RationalcQuttticntcttulrdt'n

abgerundct. In der Spitze dcr Pyramidc tragcn Sie clie größte der Zrffern Ihrer \Iatrikelnum-
rner ein.

4. Diese 4 Ebcnen bildcn eine Laplace Pyramidc, ans der Sie die zugrundeliegcnde Graur,r,'ertpyra-

rrrirl.rrritfoi-r'rrdr'rExpansir-.rnslurrliliottt'ckonslruiercn: Et '\-{'. - t .1-l)
rrrrrt'frrrrrutb\rrul'l .l-l-\IJäll:lullirlUIll\tiUllltnullJllulrl(ll.D\J)-\r_IJ,_I)

[-T_l rffiLl

r-T_lt-T_l r I

h[7: 0 1 2 4 e t B 9

Fig.
(0,0)

A

z

B
1

r-

z

D
1

F

L

F
1

f\

4

I

4

D
2

tr
4

Bcgründung:
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Vier Würfel (5)

1. Vier Würfel werden wie folgt zusarnmengelegt:
Die 6 Würfelflächen tragen die Zahlen
gegenüberliegende Zahlen sich zu 7 ergänzen.

baren Zahlen A. B. C bestimmen sich aus

I bis 6, wobei
Die drei sicht-

folgender Tabelle

Tragen Sie die sechs Zahlen in die Flächen der folgende Abwicklung der vier Würfel und die

Knoten des Region Adjacency Graphen (RAG) ein.

3. Er$änzen Sie die fehlenden Kanten (ohne Kreuzungen!) im RAG.
Der RAG hat I I{noten und I Kanten.

Zeichnen Sie den dualen Graphen über den RAG.
Der duale Grapli hat n Knoten und I Kanten.

Die Knoten des dualen Graphen sind von Zyklen des RAG
tragen 3 r,'erschiedene Zahlen?

+.

rr. umgeben. Wieviele dieser Zyklen
n

Wenn Mt: 4 viM.i + 4
7234 5 6 7 8

B
C

111122 3

2234345
3 4 5 5 6 6 6

A

r

o
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Teil III: Selektion von Literatur (16)

In Abschnitt 6 finden Sic 10 Titel wissenschaftlicher Publikationeu. In Abschnitt 5 finden Sie 20 Li-
teraturausschnitte (A-T) r.on denen Sie 12 diesen Titeln zuordnen müssen. Eincm Titcl können
somit mchrere Ausschnitte zugeordnct scin. Lcider sind die Rcihenfolge und die Zuordnungen, sou'ie

einige \Vortc ( rnarkiert durch ... ) der entsprechcnden Beiträgc vcrlorcn gegangcn. Je nach \Vert
der LETZTEN Ziffer ,4.f2 Ihrcr N,iatrikclnummcrr streichcn Sic B Literaturausschnitte u'cg:

IIr Zu strcicirendc Litcratnrausschnittc
0,1,2,3 A-H
.1.5,6 G-N
7.8.9 N,f-T

Stillcn Sic für dic übrigen 12 Ausschnitte (bitte in Abschnitt 1 markielen) dic inhaltlichcn
Zuordnungen wiccic.r'her, indem Sie sic zu dem daztigehörcndcn Titel eintragen. Für cinc korrcktc Iic"
rlespondcnz crha,ltcn Sie 2 Punkte. für falsche und für fchlcndc: Ausschnitte u,'it'd jc 1 Prurkt alrqctr-
gen. \{aximal r'verden 16 Punkte ger,r'crtct.

t:

Abstracts und Literaturausschnitte
This opcrator can be used for a r.arictl'of iniagc manipulations including: aspect ratio cliatrgc.

imagc I'etalgcting. contcnt ampiification and object rcmoval, The opcrator can be easilv in-
tcgrated with r,ariour snlisnct'neasllres) as u,ell as uscr inprrt, to grride the lcsizing proccss.

In addition, lr,e define a data structure for multi-size imagcs that sr-rpport continuous rc'siziug

ability in rcal tirnc.

We prcscnt a rntthod for deriving a pala,metlic description of a conic scction (quadratic curvc)
in an image from the morncnts of the image rvith respect to scveral spccialll, constructed kerncl
fnnctions. In contrast to Hough-trarrsfor-m-tUre mcthods, the niomcnt appt'oach lc'qttircs no

large accurnulator amav. Judicious implcmentation allou's thc para.mctcrs to be deterrninecl
using fivt- rruitiplication operations and six additiori operations pcr pixcl. Thc usc of monrcnts
lcndcrs thc calculatiorr rohust in tire plescncc of high-frecltlcncv noise or tcxturc and rcsistant
to small-scale irregularitics in thc cdgc. Our method is generalizabb to nrorc complcx classcs

of cu.rvcs u'ith morc palameters and to sttrfaccs in higher dimcnstons.

An oricntabilit\. mcasure deternrincs hou, orientable a shapc is; i.c. hon'rcliable an estlnratc of
its oricuta,tion is likclr. to lte. This is valuabler since rnany mcthods for computing otioutatitru
fail for ccrtain shapcs. In this papcr sevcrai txisting orientalrility nrca,sures arc discttssc'd and
several nelr.' oricntabilitv measules arc introclnced. The neasures arc comparcd and tcstcd on

svnthctic and real data.

Image parts of knorvn shapes can also be detected b-v "tcmplate matching''. Nfatching methods
are also studicd in imagc plocessing: but rnany such methods, particularly thosc inr.olving
incxact matchlng, r'i.ere dcvclopcd in an inagc anall'sis contcxt 17,...210], to handlc objects
u,hose appearances can varlr.

10

o

A
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A shapc similaritl,'lneäsufc riscfr-rl fc,r -L.ipt-i-,.i5c.Ll rctl'icval in imagc databascs should bc in
accord x'ith onl visual pelception. This irasic propcrtr. lcads to the folloll.ing requirements:
(1) A shapc similarin' rncasLlrc sirould pr.r'nrit lccognitiol of pcrceptuall,v silrrilur obiects tha,t
are rrot matheniatically iclcntical.
(2) It should not be eil'ected b1'distcirtions (e.g.. digitizatlorr noise ancl se€lrnentation elrors).
(3) It should prcscn'c signilicant visual parts of objccts.
(4) it should not depend on scale. oricntation. and position of objects.
If n'e u.ant to applv a shapc similarity lreasurc to distributed image data,bases, u'irele the objcct
classes are generallr.'unknor,r'n a priori (e.g.. in thc Intcrnct), it is neccssarl'that:
(5) A shape similaritr- rncasurc is universal. in thc sense that it ailon's us to idcntify or distinguish
objects of arbitrary shapcs. i.c.. no restrictions on shapcs arc assumed.

Haralicks coeflicierrts are usuall3r calculatecl frorn the average c;o-occllrrence m:rtrix obtained
by'ru'craging thc matrices calculated for 0o, 15',90', and 135'directions. Thc matrices arcl

cornputed for one or scvelal, expclirnentally sclected, distance pararnetcr valucs. In most of
the cases. Haralicks cciefficients utilized are calculated fol onl-v one distance pararneter vaiue.
In this lr'olk, ll'e plopose a difl'erent na)'s of exploiting the information contained in Haralicks
coefficients cornputed using ser.eral distant e parilrrletel d; r-alues. Rather than carcfull-v sclecting
an appl"opf iate distance parameter valuc, thc information gathered in thc co-occurrcncc nlatl'ices
compiitctl fbr sevclal tlistancc paranleter vairres is efficierrtll' utilizerl.

G Fcrrrnallr', lct I be an n x n1, imagc and dcfinc a vertical seam to be:

s'': {sl'}l':, : {("(r), i:)}T_r,s.f.Vi. l"(r) - r(i - 1)l < 1

s-hrle r is a mapping r: : [1,....ri,] r-- 11....,n?] That is, a r.crtical seam is an 8-conncctcd path
of pircls in thr' imagc from top to bottom. containing one. and onh,. onc, pixcl in each ror'r,' of
the image. Thc pixcls c,f thc path of scar) s (e.g. vertical searn {s1}) n'ill thr:rcforc bc
1. : {I(si)}L, : {I(z(i)./)i:r. Note t}rat similelr to thc rentoval of a row or column from an
inrage. r'emoving the pixels of zr searn fic,nr an inrage has oiily a ll,cal eflec,t: all the pirels ,rf tite
iura.r*. alc shifted left (or np) to compc'nsatc for tirc missing path.

H It is impoltäht to notc' that in briuging thc modcl closcr to thc ima,gc, thc appcar:rncc-bascd
and C'AD-bascd approaches har.'c altc:red thc problcur dcfirrition frc.,m gcucric to exernplar objcct
rccognition. The systems clcvckrped in the 70s cannot bc compared to thosc dcvclopcd todat'.
ttu tireil target clornain-q are rliflerent. \\ie must ackno.,lledge the ef1icacS" of appearance-basecl
l'ccugnition s1-stcms for excmplar recognition: pror.iclcd that thc abovc liuritatious can bc over-
conre, tiris tc:chniquc mav crncrgc as the bcst mc:thod for rccognizirrg excmplars. Hou'cr,cr, it is

inrportant to acknou,lcdgc that thc prototypical recognition problern is an important onc trnd.
dcspite the r.ision commLrnitvs nlovcnrcrlt tou.ard appearance-bascd methocls, the hvpothcsis
that these (or thcir analogous 3D tcmplatc-based) methods can scale up to pcrforrn prototl'pi-
cal objcct recognition is dubious. \\'hat, thcn. has lctl rts 3.1,2y from the important problcm of
gcnt-.ric objcct rccognition?

l1
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I Effective re-sizing of imirges should not onlv usc geometric constraints. l.rut consieler thc im1ge
contr:nt as rn'cll. \l'c prcsent a simplc inragc opcrator that suppolts content-arvare imirgc
resizing for both reduction and cxpausion. A seam is an optimal 8-connectccl path of pixcls on
a single image from top to bottom. or left to right. u,here optinralitv is cicfinccl bv a1 im:rge
encr€lv ftnction. B)' rcpeatedlv carving out ol inselting sealrs in onc dircction \\re can change
thc aspcct ratio of an image. Bv applying thesc opcrators in both directions \ve can rctargct
tltc ima'gc to a new size. Thc selection and ordcr of seams protect the content of the irnasc.. as
dcfincd bv the energy function.

J \\ihcn conpari'g shapes in ir'a,ge da,tabases we rrarc to deal not only *ith iiisto'tions caused
by noise but also with the change of objcct r.ier'r. due to change oi perspective and clue to
motiotl. e.g.. bcnding of object parts or change of a relativc position arrlorig parts. In this
scction. rve prescnt expcrimcutal results that illustrate that our shape sinrilaritv ryieaslre is
Iobust u'ith rcspect to all these distortions. This mcans tirat cven a substantial a,rnount of thcse
distortions u'ill rcsult in small changcs of the similaritv ralues. All figLrres corresponding to
the cxpcriments of shapc comparison shou' a,bstlactcd shapes of origirial input irnages at an
automaticallv derived stage of abstractiou. Obscrve that although the atlstractccl r-clsions air,
used to find thc palt corrcspondence and to computc the similarity valncs. it i-s nu pr.oblcrrr lo
backtlace the corresponding parts to the o1igi11sl shapcs. In all .gurcs thc corrcsponding visr_.6j
pa,rts obtaincd in thc coLrrse of computa,tion of our similarity measurc arc ilcicxcd q-ith tlir,,sartr,--
number-s in tire countcr-clocku'ise dircction. For r.isual conveniencc the parts tlrc-r 611's11'11 sligrrtir-
displaccd.

K Upon cutering a I'ooni, onr: first notii:cs the prescnce of a palticular obic-rct. such as a clog.
beforc rtalizing it is cithcr a Sibcrian Huskv or that it is Loki. a particr-rlar Sibelian. This
exantple, nlodified lrom irnportant stucliers bv Rosch ct al. (1976). sr-rggests that tlicre is tr1
organization to ottt' objcct il]clnorv, and that this organiza.tion facilitates ri:cognitiol. Initially.
particular instances arc uot recognizcd: lather. objccts arc first categglized at a, basi. lerel of
abstra,ction (Rosch ct al.. 1976). Thc objcct is rccognizecl as bclonging to thc catcgor.yclogi,iefor.g
urore dctailccl. ol subordinatc lcvels. at'e rcfincd. Tiris niotir,ating exarnple is at the heart of tliis
papcr: we scck a techtlique fbl object rccoguition basccl on such errtly-level. gencric descliptions.
\\k' intcrpret cntrl'-lslrcl to ntean gcncric in a trrhnical sense. ancl thcn pioceed to cler,.elop a
formal svstcnr for matching basccl on it.

L Elongation Considcr the corariartcc tlatrix construc;tcd florn thc secontl or.cler central nrornc.nts
of tirc shapc

ltz,o ll tt
lLtt lt.oz

Thc eigenralncs of C denoterl bv 11 and 12 providc thc rariances of the -"hape along the major
and tninor principal axcs. and can bc usccl to folm a lncaslrrc of elongation fil. which in turn
is an indication of . . .

\'1 Nonetirele'ss. the fact that the approach rlras proposed rnore thirn 30 year-. ago. the coefficients
still rcmain atlongst the most popular and the rnost cliscriminative tl,pcs of tcxturc features f8l.

72
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The extraction of convcx huli can bc a siriglt' pl'oc.'ss l-hich finds sigirificant convex deficiencies
along the bouuclary. Thc' shapc calr thcn bc rcplcscntccl by a string of ccrncarrities. A fullcr'
represcntation of the slLape ma;' be obtarnod br' ,r lcculsilc proccss r'hich rcsults in a concavitv
trec. Hclc thc corr.r'ex hull of an objcct is lilst obtaincd rvith its convex clefi.ciencies, then the
convcx hulls and dcficicnc,ics of the convcx dcficiencies .rre found. tircn the convex huils and
deficir:ncies of these con\rex dcficiencics. arrd so on until all the clerived con\rex deficienciers are
C{)IIVCX.

The rccognition communitl'' has t.vpicall5- avoided bridging tlie representationa,l gap betr,r.een

tladitional. lou.levcl imagc fcatures trnd generic modcls. Instead, the gap has bccn artificiallv
climinated bv either lrlinging thc imtrgc clo,scr to thc models using simplc sccnes contirining
idealized, textureless obiects or try bringing thc modcls closer to the imagr:s u-sing 3D CAD
rnodcl tcrnplatcs or 2D appcarauce model ternplatcs. In this paper, u,c atternpt to blidge the
lcprcscntatiorrzrl gap for thc dourrriu cif modcl acquisition. Specificall)', 0"" ac]dress the problcrn
of automaticzrlly acrquiring a gcnelic 2D r.ier.v-basccl class modcl from a set of images. cach

containing an cxemplar objcct bclonging to tirzrt clerss. \\ic introdnce :r no'u'el grzlph-theorctical
formnlartion of the problern in lr'hich rve scarch for the lowcst conurlon abstraction aruong a set of
lattices. ear'h lt'trllesenting thr,: striace of all possible rr:gion grorrpings in a region a<ljacetrr'1' glaph
lepresentatic,n clf an input imagc. Thel problerl is intracta,blc an<1 u.t: plesent a slrr,rtest patlt-
based approxirnatir'n algoritlun tc, f.ielil a:r efficienl -qolutic;n. We <lernonstrate t,he approach on
real imagerl-.

In computcr visiol thcrc is a long history of u'ork on shapc rcprcscntation and sirape sirnilar-
ity. Holvcvcr. most of thc cxistilg nrcthods har.e onl,v a \rcry linrited possiblc application to
distrihutod image da,ta,bases, sincc the shape of objects must be restricted and knou-n a priori.
Thcsc metliocls arc: ba.scd on the ckrscr u,ord a,ssumption, u.hich rlcans that the appiication do-
rrrain must be explicith. knou,n. sincc prior knorvlcdgc of thc applica,tion dornaitr is nr,'ccssarv for
pirralilctcr adjrrstmcnt. \IorcoYr.r. nlar]\- of the e.xisting approaches are \rcr),' scnsitivc to noisit.
To sr-stcnratizc our discussion. rvc fir'st suggcst sonre neccssar"v requirc:ments for shape sirnilaritr.
nrL.a-sulcs that are usccl for rctricr.al of siuiilar objccts in clistribr-rtcd imägc databascs. Then, rl,-e

blicflr' rcr-icl. somc of tlic cxistirg irpploaclx)s from thc pclspective of thcsc rc'quircmcnts.

F-r,r''r':rr'-sc:,lrr inraprls u'ith inforrnation that is inhcrcntlt. bittalv such as tcxt or sraDhics. bi-"""ö " ö.' r^,, ' '
narization is risrrall-v pcrfbrmcd first. The objectir.e of binarization is to antomaticallv choose
a tlrlcshold that scparatcs thc folcground and background information. Sclc'ction of a good
threshokl is ofterr a trial anc-l erLor l)r'ocess (see figure 3). This becones pzirti.culari5. cliificult in
cascs r1'hcrc the contrast bctwccn text pixels and background is 1o11, (for cxample. tcrt pr-inted on

a gra]'lrackground). rvhcn tcxt strokcs arc \€rv thin rr'sulting in background bleedrug itrto tcxt
pixcls cluring digitization, ol rn'hcn thc pagc is not uniformh'illurninatcd during data capturc.
N{any mcthods havc bccn dcvcloped for adclressing these problcms including those that modcl
thc background and forcground pixels as sanrples drau'n from statistical distributions and mc'th-
ods bascd on spatiallr' rarving (aclaptivc) thresholds. Whcthcr global or adaptivc thrcsholding
rncthods arc uscd for binarization. onc can soldom cxpect Dcrfect rcsults.

o



5 ABSTR,,,ICTS UT\D LITER-4,T\.R.AUSSCHNITTE

R 1&'e hale been developing a iheory for the generic representation of 2-D shape, where structural
descriptions are derived from the shocks (singularities) of a curr€ evolution process? acting on
bounding contours. \\ie now apply the theory to the problem of shape marching. The shäcks
are organized into a directed, acyclic shock graph, and complexit}, i, -.r,uged by attending to
the most significant (central) shape components first. The space of all such graphs is highl3,
structured and can be characterized by the rules of a shock graph granlmar. The grammar
perrrits a letluction of a shcick graph to a unique rooted shock tree. We iltrodgce a novel tree
rnatching algorithm which finds the best set of corresponding nodes between trno shock trees in
Pol5'1o*ia, tirne. L]sing a cliverse database of shapes, we demonstrate our sl,sterns performance
under a,rticulation, occlusion, and modera,te changes in viewpoint.

S Synta<;tic anall,sis is inspirecl b1,- the phenornenorr that composition cf a natural scene is an
analog to the composititln of a language, tirat is, sentences are built up from phrases, phrases
are built up frorn w-orcls and words are built up from alphabets. etc. [67]. In syntactic methods,
shape is represented by a set of predefined primitives. The set of predefined primitives is ca.lled
the codebooh and the primitives are called codern'ords. . . . The matching betneen shapes can
use string matching bv finding the minimal number of edit operations to conr,'ert one siri:rg into
another.

T Any linear property of an image is a rveighted sum of its pixel values ([218], Ch. Z). trfoments
are an important class of linea,r proper:ties in rvhich the weights a,re monotnials of the form riy'
i727, I28,85, 51. An image can be norrnalizecl r,vith respect to translation, rotation. a,nd scale by.-
shifting, rotating, and resca,ling it so as to standa.rdize the values of its first- and second-order
moments (1 <, + i < 2). But many important image properties cannot be expressed as linear
combinations of locai properties f1Z8l.
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