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Diese Pritfung bestebt aus drei Tellen anf die Sie insgesamt 50 Punkte erreiehen kitnnen.
Fiir hesomders gute Begrindungen konnen Zusatzpunkte erreicht werden, Die Dauer der
Priifung betragt 90 Minuten, Es gilt der {olgente Notenschlfissel:

[ Note | 1 T i |5
| Punkte: | > 42 | 37:42 | 31:36 | 25:30 | 0:24

Teil I: Interpretation von Bildoperationen (14)

'Tim ersten Teiles sollen Sie Ergebnisbilder {iber vorgegebéne Operationen mit den gegebenen

Eingabebildern in Beziehung setzen. Auf den folgenden 2 Seiten finden Sie 24 Bilder die
nl= Eingabe als auch als Ergebinis einer Bildoperntion auftreten kinnen. Beachten Sie, duss
nicht ALLE Bilder verwondet werden, es kann Bilder geben, die nicht als Eingabe- oder
Ergebnishilder aufscheinen.

Matlab Referenz

Allgemeinoes

Die angegebenen Bilder haben eine Griifle von 350x350 Pixeln,

Grauwerthilder haben einen Wertebereich von 0 bis 255 (falls nicht anders angegshen)
Logische Operationen werden im Rahmen der Pritfung nur auf Bindrbilder (Schwarz-Weiss-
Bilder) angewendet, true wird durch den Wert 1 (=wuiss) reprasentiert, false durch den
Wert 0 (=schwarz).

Notationen

Matriz J!I.-(: 3) Asla b; ¢ d]; Spaltenvekinr .r=(]fJ x=[y;z]

Zetienvertor e=(f g) welf gl
1
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Command Reference

D = budist (BY)

computes the Euclidean distance transform of the binary image BW, For each pixel in BW,
the distance transform assigns a mumber that is the distance between that pixel and
the nearest nonzero pixel of BW, bwdist uses the Euclidean distance metric by default.
D is the same size as BW

BW2 = bwmorph(BW, 'skel’ ,n)

with o = Inf, removes pixels on the boundaries of ohjecis but does not allow ohjects 1o
break apart. The pixels remaining make up the image skeleton. This option preserves the
Euler number.

C=conva(A,BE)
computes the two-dimensional convolution of matrices A and B.

BW = adge(I, *canny’,thresh,sigma)

specifies sensitivity thresholds for the Canny method thresh is & two-element vector in
which the first element is the Jow threshold, and the second element is the high threshold
sigmn is the standard deviation of the Gaussian filter

BYW = im2bw(l,level)

converts the intensity image | to black and white. The output binary image BW has values
of 0 for all pixels in the input image with luminance g less than level and 1 for all other
pixels: b = 0 ™ i

fmse — O

< level

J = ipncisa(l, 'salt & pepper’,d)

adds salt and pepper noise to the image [, where d is the nolse density.

performs morphologieal opening on the grayscale or binary image IM with the structuring
element SE. The argument SE must be a aingle structuring element object

B = medfilt2(A)
performs median filterdng of the matriz A using the default 3-byv-3 neighborhood.

BE = strel{'disk’' R)

creates a flat, disk-shaped structuring element, where R specifies the radius.
R

equals not(A):
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Folgende Liste enthalt 10 Bildoperationen, die auf eines oder mehrere (2B, ¥ + 2) der
Bilder A-X angewandt wurden und eines der Bilder A-X als Ergebnis haben. Thre Aufzabe
ist die Rekonstruktion dieser 10 Bildoperationen. Tragen Sie bitte die Bildnamen (A-X ) in
die Kiistchen [] der jewniligen Operation ein. Jode korrekte Antwort wird mit einem Punkt
belohnt, Fiir jene 4 Antworten, die den letzten vier verschiedenen Zifferts Threr Matrikelnum-
mer entsprechen (sollten nur 3 verschiedene Ziffern auftreten, so wird durch "4" eTginzt ),
gibt e= einen Punkt zusfitzlich fir eine korrekte Antwort, #inen Abzugspinkt fiir sine falscho
Antwort. Fiir entsprechend gute und korrekte Begriindungen kann es Zusatzpunkte geben,
die Verluste in anderen Abschnitten ausgleichen konnen!

0. [ = ismoizel [],'salt & pepper’ ,0.2);

L = convat O .[1/8 /8 1/9; 1/9 1/9 1/9; 1/9 1/9 1/9]);

[0 = convzt 1 f1 0 -1: 20 =2 1.0 =11);

3

3 [ = edget [J ,'canny’,[0.4 0.5],1);

ST BN I ek d e tabdn oo sodanspasiss
4. [0 = imobut [T ,110/288);

Begrimdung: ,......... T N . e A
1 amobe( O] ,200/285);

gn

¥ B e A i< - s o s g b st
6. 1 = imopen( [ ,strel(’disk’;3)):

Bagrimiune: .00, o
7. 0O =twgiee(-01);

8 L[ = bwdtae( ] );

T g - - ¢ S s D P R s AT E T e
9. L1 = "Hough-Transform” (W);

-

Begrindung:
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1 THRESHOLD UND RAG-KONTRAKTION (5} &
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Teil II: Mathematisches Nachvollziehen (20)
In diesem Teil sollen Sie einfache Bildverarbeitungsoperationen numerisch nachvollziehen,

THE

1 Threshold und RAG-Kontraktion (5)

1. Das Grauwertbild B hat seine Grauwerte aus 2 2 5 5 A 33
dem Berwich [0, 9] 200599 3
2. Markivren Sie in der [olgenden Tabelle die Zif- b= : g g E : g E .
fern Ihrer Matrikelnummer durch Einkreisen -
Ly =7 -0 0788 4
der jeweiligen Ziffer T B Akt i

(0) 1.4 345067 89
Daraus ergeben sich 2 bis 8 Grauwertinter- ( RAG >

valle mit 1 bis 9 aufeinanderfolgenden Zif-
fern, die markierten Werte kenneeichnen jew-
eils die untere Grenze des [ntervalls. Belspiel:

.| erzengt die Intervalle

definiorten Regionen im Bild B (als Crack-

3. Zeichnen Sie die Grenzen zwischen den dadurch ‘

Codes) ein!
\ ! -
4. Der Region Adjacency Graph (RAG) bestelt
datin aus Knoten, die durch ein Intervall bes- Kontrakiion
timmt werden, Dabel kann netiirics eifie Zif A

fer mehrmals auftreten, wonn der Ziffer mehrore

Zusammenhangskomponenten entsprechen. Ze-
ichnen Sie den RAG de= Bildes B!

5 Im RAG gbt e Kanten, deren End-
punkte den Ziffern Threr Matrikelnum-
mer in der Relhenfolge ihres Anfiretens
entsprechen. Kootrahieren Sie all jene Kanten
tM-rMH‘ILi = 1.2—, 3. '1;5.-[; und zeichnen den
vereinfachten Graphen mit allen Self-Loopsund. Y,
Mehrinchkanten. Sollts ein Konten mehrere
Kontraktionsmoglichkeiten haben, so wihlen
gie mr eipe davon aus.




HILBERT SCAN UND CRACK CODE (5)

2 Hilbert Scan und Crack Code (5)

1. Der Hilbert Scan durchliuft alle Pixel eines quadratischen Bildes entlang einer etnzi-
gen Folge von 4-zusammenhingenden Pixeln. Diese Folge kann mit dem Crack-Code
dargestellt werden

Folgende Grammatik H = ({0,1.2,3}, {S0.51, 52, 5. T, T3, T3, T3}, 5y, P) erzeugt dis
Falge von Crack-Codes: P

X

S N L5 0 % J 1|1 03
S— T3 2 5185 0Tl210
Sg—'-Tqi}S]E-SElﬂE'E: -
-53_'?‘"03;]333271]”32
To— 53 3T 0 Tg 1L 5|2 01
Ty = S|:ﬂT11T|ES=‘n]2
Ta— S5 1 Th 2T 3 5|1 23
& h— S 1T, 3T 052340

3, ‘Als Startsymbol withlen Ste S, mit { = die Hanfigkeit der Ziffer 5 in Threr Matrikel.
nummer. Sollts 5 hitufiger als 3 mal auftreten, so starten Sie mit S5, Ersetzen Sie in
der Entwicklung alle Nicht-Terminalsymbole bevor Sie einen neven Entwicklungszyk-
lus starten (" Parallelentwicklung” ). Erzeugen Sie den Crack-Code fiir ein §x 8 grosses
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3 LAPLACEPYRAMIDE (5 P)
3 Laplacepyramide (5 P)

1. Eine kleine Laplacepyramide mit drei Ebenen Ly, Ly, s ist gognhen durch:

il sl oy

2 10 0 1@
LYSEE el p | D B'(nuJ G

(N L L |

wobei die mit *7" gekennzeichneten Zellen so zu wihlen sind, duss die rekotistriierte
2 % 2/4 Pyraniide als Reduktionsfunktion den Mittelwert hat.

2. Die skalaren Faktoren A nnd 8 bestimmen Sie sus den Ziffern Threr Matrikelnummer -
wie folgt:
A =Median{M|i =1,2,3,4,5,6,7} + max{M|i = 1,2,3,4,5,6,7} =:|
B=|ABl=]]
3. Fiillen Sie die sich ergebenden Werte der Laplacepyramide in folgends Matrizen ain:
Lo = th=—1— =]

4. Rekonstruteren Sie daraus dio 2 % 2/4 Mittelwertpyramide:

L |
Go = G =——16:=[]




PREDICTIVE CODING (5) a

Grundlagen durﬁ'@'t-n]un Bildverarbeitung LV 183.126 ]l Datitm- 29,1.3008 ||
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Predictive Coding (5)
B:
1. Das Granwertbild 8 berechnet sich aus dem Zif- LM | My | My | M| M
fern Afy, Afs, . Mg Threr Matrikelnumemer nach
Blij)= ¥  Muij=12,..5 ) I |
15 bt B Ak g My = !
M=
Hinwess: nitzen Sie die Symmettie und Ziffern- M=
summe #ur Berechming! My =
2. Das Bild B wird mit einem linearen Pradiktor B
der Opdboung 3 mit folgenden Koefizien- 3
ay=—1 | s =+1 My | My | My | My | Ms |
e ] B ey bl " :
B(1, 1] = B(1, 1), die Elemente der ersten Zeile M | ,
gich aus dem jewsilig linken Nachbar M, |
M i
Bli+1,1)=B(i,1)1i=2234 H:; [
und jene der ersten Spalte aus dem jewwilig D:
darfiber liegenden Element ergeben,
p Ay | My | My | My | M,
L+ 1)=8{LiLi=234 M,
JHg
3. Die Differens D(i, 1) = B(i,7) — B(i,j) wird M; _
dann fibertragen, M, ]
M | |
4. Erkliren Sis die speziells Struktur von D{{, 7). = -
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Teil ITI: Selektion von Literatur (16)

In Abschmitt 6 finden Sie 10 Titel wissenschaftlicher Publikationen die kitrzlich veriiffentlicht
wurden. [n Abschnitt 5 finden Sie 20 Literarurausschnitte (A-T) von denen Sie 12 diesen
Titeln zuordnen miissen. Einem Titel kinnen mehrere aber such keine Ausschmitte
zugecrduet sein, Leider sind die Reihenfolge und die Zuordmngen, sowie einige Worte (
markiert durch .. ) der entsprechenden Beitriige verloren gegangen.

Je nach Wert der vorletzten Ziffer Threr Matrikelnummer streichen Sie 8§ Literaturans-
schnitte weg, Diese f.'rgq.bfm sich awps folgender Thbelle (m bezvichnet die vorletzte Ziffor
Threr Matrikelimunmer);

m Zu streichende Literaturansschnitte
0.3,6.9 A-H
147 G-N
355 M-T

Stellen Sie filr die iibrigen 12 Ausschnitte die inhaltlichen Zuordnungen wieder her, indem
Sig sie zu dem dazugehtrenden Titel eintragen, Fiir eine korrekte Korrespondenz erhalten
Sie 2 Punkte, fir falsche und fiir fehlande Ausschnitte wird je 1 Punkt abgezogen, Maximal
werden 16 Punkte gewertet.

5 Abstracts und Literaturausschnitte

A A practical ... system does not make perfect match decisions and can make two
basic types of errors: (i) False Match: the .., system incormectly declarss a suecessfyl
match between the fnput pattern and & nonmatehing pattern in the database (in the
case of identification /écreening) or the pattern associated with an incorrectly elaimed
identity (in the case of verification). (i) False Non-match: the ... system imcorrectly
declares failure of match between the fnput pattern and a matching pattern in the
database {identification /screening) or the pattern associated with the correctly elalmed
sdentity (verification). It is more informative to report the system accuraey in terms of
& Receiver Cperating Characteristic {ROC) curve.

B In this paper, we propose & new method to characterise & curve by means of the hierar-
chical computation of & multiresolution structure. This structure, consisting of sioces-
stve: lower resolution versions of the same object, 18 processed using the linked pyramid
approach. We adapt the multiresolution pixel linking algorithm to the processing of
cutve contours which are described by their chain-code. We also introduce 4 seleetive
class selection process which allows application of the algorithm to segmentation and
detection of contour features. The resulting framework presents good performance for
a wide range of object sizes without the need of any parameter tweaking, and allows
detection of shape detail wt different scales.
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C In this paper, a color image segmentation spproach based on homogram thresholding
and region merging is presented. The homogram considers both the occurrence of the
gray levels and the neighboring homogeneity value among pixels. Therefore, it emplovs
both the local and global Information. Fuzzy entropy is utilized us a toel to perform
homogram anulysis for finding all major homogenecus reglons at the first stage, Then
Feglon merging process i5 carmed out based on color similarity among these regions to
avoid oversegmentation. The proposed homogram-based approach (HOB) is compared
with the histogram-hased approach (HIB). The experimental results demonstrate that
the HOB can find homogeneous regions more effectively than HIR does, amd can solve
the problem of discriminating shading in color images to some extent.

D In this paper, we present an on-line recognition method for hand-sketched symbals.
The method is independent of stroke-order, -number, and -direction, s well as in-
variant to scaling, translation, rotation and reflection of symbols. Zernike moment
desicriptors are used to represent symbols and three different classification techmgques
are compared: Support Vector Machines (BVM), Minimuom Mean Distance (MMD),
and Nearest Neighbor [INN).

“E A curve pyramid and an image pyramid are built in a similar way, Filtering, followed
by subsampling, are applied to the original signal. Thus, each pyramid level (k) holds
a smoothed and subsampled version of the signal ot the level below (k—1). ...

-co:Al level k+ 1, the chain-code of node i, GF*? | is the average between the chain-codis
of nodes 24 and 20+ 1 at level k:

G = [(C5 + Coigr + OLS) Aoy 0.5 § < Ny, (3)
where O f f takes the following values:

0 |f|c;.~g§;..| <4,
orf= { B [CL—Ch,l>4d

F As mentioned in the Introduction, the chain coded desertption is very useful to speed
tip. matching time for contour images. However, for the contour images which are
very comiplicated in shape, it is very diffioult to fnd the correspanding contour image
before examining the similarity between the two contour images. To avoid this Intricate
problem, in the proposed method, only registered contour images are described by chain
codes (see Fig: 12) [14)

G Syntactic analysis is inspired by the phenomenon that composition of & natural scene
i# un analog to the composition of a language, that is, sentences are built up from
phrases. phrases are built up from words and words ares built up from alphabets, ste.
[67]. In symtactic methods, shape i represented by a set of predefined primitives
The set of predefined primitives is called the codebook and the primitives are called
codewords. ... The matching betwesn shapes can use string matching by finding the
niinimal mimber of edil operations to convert one string into another,



& ABSTRACTS UND LITERATURAUSSCHNITTE 12

H ...The image is partitioned into piecewise smooth reglons in which the mean fe the
estimate of brightness; and the standard deviation i an overestimate of noise level
The prior probahility of the noise level functions is learned by simulating the digital
camery imaging process and are used to help estimate the curve correctly where there
is missing data
Sinee separating signal and noise from a single input is underconstrained, it is in theary
impossible to completely recover the original image from the nose contaminated obser-
vation. The goal of image denoising 15 to preserve image features as much s possible
while eliminating noise. .

| More and more images have been generated in digital form around the world, There
is a growing interest in Anding lmages in large collections or from remote databases.
In arder to find an image, the image has to be described or represented by certain
features. Shape is an important visual feature of an image. Searching for images using
shapet fentures has attracted much attention. There are many shape representation and
description techniques in the literature. In this paper, we classify and review these
important techniques. We examine implementation procedures for each technique and
discuss its advantages and disadvantages. Some recent research results are also included
and disenssed in this paper. Finally, we identify some promising techmiques for image
retrieval according to standard principles.

J ... operator [8] is & second derivative operator that is used to detect the zero-crossihgs
of image intensity and often yields more exact edge detecting result. Unfortunately,
it is not used frequently in computer vislon since its operator involves two derivatives
which is-apt to be affected by noise. Therefore, the Laplacian of Gaussian (LoG) [2]
was developed, which is desirable to flter out the noise with a Gaussian filter before
detecting edges with the Laplacian operator. However, it is hard to imagine that an
optimal edge detector can be st up by this way

K Zernike momenis are not invariant to scale and translation, therefore the symbols are
first scaled and translation normalized such that they are of the same dimension and
thelr centroids are positioned at the origin. Each symbal is scaled to form o 100x100
pixel model for recognition so that non-uniform sealing in shapes will not affect the
recognition outcome (ie. a long, thin rectangle and a short, fat rectangle will both be
recognized us rectangles), The original aspect ratio is preserved in the symbol beautifi-
eatlon process and the specific geometric properties in & symbol can be computed from
its structiral decomposition.

L In most of the existing color image segmentation approaches, the definition of a region is

I hased on stmilar color. Monochrome image segmentation techniques can be extended to

color image, such as histogram thresholding, clustering, region growing, edge detection,

fuzey logic and neural networks, by using RGB or their transformations {linear/non-
linear).

Generally speaking, monochrome image segmentation approaches are based on either

discontinuity and /or homogeneity of gray level values in a region. The approach based

on: discontinuity tends to partition an image by detecting isoluted points, lines and

edges hased on abrupt changes in gray levels. The approaches based on homogeneity

inelude thresholding, elustering, region growing, and region splitting and merging, ete,
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vo. In our face autheptication svstem, the sodensity contours has been introduced to
differentiate between the facial features. These isodensity contours can be transformed
into cham codes. By using these coded 1sedensity contours, remarkable improvement in
the processing performance can be expected in terms of the processing time and memory
requirements. | From the computer simulation performed using images of 50 people, it
turned out clear that the processing time was decreased 1o approximately one-seventh
compared to the copventional method. With respect to memeory requirement, it was
reduced to n quarter.

Automated segmentation of images has beeri considersd an important intermediate
processing task to extract semantic meaning from pixels. We propose an integrated
approach for tmage segmentalion based on a generstive clustering model combined
with conrse shape information and robust parameter estimation. The sensitivity of
segmentation solutions to image variations & measured by mage resampling. Shape
information is mcluded in the inference process to guide ambiguous groupings of color
and texture features. Shape and similarity-based grouping information s combined
into a semantic likelihood map in the framework of Bavesian statistics. Experimental
avidence shows that semantically meaningful segments are inferred even when image
data alone gives rise to ambiguous segmentations.

Image denoising algorithms often assume an additive white Gaussian nolse [AWGN)
process that Is independent of the actual RGE values. Such approaches cannot effec-
tively remove color noise produced by vodays CCD digital eamera. In thiz paper, we
propose & unifed framework for two tasks: antomatic estimation and removal of color
nojse from a single image using piecewise smooth image models. We introduce the
noise jevel function (NLF), which i a continuous function describing the nolse level as
o function of image brightness.We then estimate an upper bound of the real NLF by
fitting & lower envelops to the standard deviations of per-segment image variances. For
denaising, the chrominance of color noise is significantly removed by projecting pixel
villues anto a line fit to the RGB values In each segment. Then, a Gaussian condi-
tooal random held (GORF) is constructed to obtain the undeclying clean image from
the noisy input. Extensive experiments are conducted to test the proposed algorithm,
which s shown to autperform state-of-the-art denocising algorithms.

The ... operator-based edge detectors localize edges with the zero-crossings of the
high-frequency companents of image. One problem arising from this 15 that the noise
contained in the high-frequency components will vield false zero-crossings. Noting that
the amplitedes of high-frequency components of edges are relatively larger than that of
noise, we may remove the low amplitudes of noise by thresholding the high-frequency
components of an imags.
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Q The semantic sbstraction from pixels to objects in computer vision requires group-
ing low-level image information into cohevent groups or segments. This segmentation
stage in image interpretation is of prime importance in low and mid-level vision since
it substantially reduces the information content of images while preserving essential
Information about objects. The segmentation process ie mplemented by a mixture
modeling approach in this paper, Le., we use the Parametric Distributional Clustering
(PDC) [13] framework aud we combine it with coarse shape information. Data groups
are represented by contimious mixture models for color and texture feature distribu-
tions, whereas individual image sites are characterized by Jocal histograms of feature
meaguremants,

R Reliable person identification is an important problem in diverse businesses, .,
Identification based on distinctive personal traits has the potential to become an jrre
placeable part of any identification system. While successful in some niche markets, the
biometrios technology has not yet delivered its promise of foolproof automatic identifi-
cation. With the availability of inexpensive biometric sensors and computing power, it
1= hecoming Increasingly clear that widespread usage of biometrie person identification
is being stymied (dt.verhindert) by our lack of understanding of three fundamental
problems: (i} How to necurately and efficiently represent and recognize biometric pat-
terns? (i) How to guarantee that the sensed measurements are not fraudulent (di
missbruucht] 7 and (iii) How to make sure that the application is indeed exclusively
using pattern recognition for the expressed purpose?

S Zhang and Lu have tested geometric moment invariants on & standard shape database
used by MPEG-7 [67], They have found that geometric moment invariants perform very
well oo similarity. transformed wnd affively transformed contour-based shapes. They
even outperform grid descriptor for these simple shapes. However, they perform poorly
for arbitrarily distorted contour-based shapes. For region-based shapes which have inte-
rior content, they only perform satisfactorily on rotated shapes; while for scaled shapes,
perspectively transformed shapes and subjective test shapes, they perform poarly. The
finding indicates that grometric moment invariants are suitable for describing eimple

shapes.

T A minutise-based template 15 a very compact representation of & fingerpriot image, and
for a long time, it hos been nssumed thiat it did not contain enough information to allow
the reconstruction of the original fingerprint. This work proposes s novel approach to
reconsuruct fmgerprint images from standard templates and investigates to what extent
the reconstructed images are similar to the original ones (that is, those the templates
were extracted from). The efficacy of the reconstruction technique has been assessod by
estimating the success chances of 8 masquerade attnck against nine different fingerprim
recognition algorithms. The experimental results show that the reconstructed images
are very realistic and that, although it is unlikely that they can fool a human expert,
there Is 4 high chance to deceive state-of-the-art commercial fingerprint recognition

SVSTEmMmA.
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