Filtering

- The image shon belav has been generated by adding some noise in the form
of a cosine function.

- If we denote the original image &x.y), then the noisy image can be denoted
asf(x,y)+n(x,y) wheren(x,y) is a cosine function.

- Using the additie poperty of FT the FT of the noisy image will be
F(u,v)+N(u,v) whereF(u,v) is the FT off(x,y) andN(u,v) is the FT oin(x,y).

- We @an remee this noise dectively in the frequeng domain using FT (filter
out the frequencies corresponding to the cosine function)
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Fourier Descriptors
(T. Wallace and PWintz, "An efiicient three-dimensional aircraft recognition algorithm using nor
malized fourier descriptorsGomputer Graphics and Image Processing, vol. 13, pp. 99-126, 1980)
» Region Representation for 2D Recognition
- In terms of boundaries Xeernal characteristics)
(good when shape information is important)
- In terms of pixels comprising the ggon (internal characteristics)

(good when teture, color etc. are important)

» Region Description for 2D Recognition
- Extract a number of featuredescriptors)
(e.g., length, orientation of lines, contges etc.)
- Descriptors can be used for recognition

- Must be inariant to size, translation, and rotation




» Fourier Descriptors

- Represent the boundary as a sequence of point coordinatevégitign the
boundaryfor example, in a counterclockwise order

(XO’ yO)’ (Xli yl)’ T Q(N—la yN—l)
(for simplicity, X(K) = X, andy(K) = y,)

- Treat each coordinate as a complember
z(k) = x(k) + jy(k),k=0,1,...N-1
- Consider the=T of (k)

1 N-1 .
a(u) == ¥ z(k)e!? ¥N
N k=0

- The compla& coefficientsa(U) are called théourier descriptors of the bound-
ary
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- Take thelFT
N1 i2 Kl
2(k) = ¥ a(u)el® N

u=0

» Represent the boundary using a few fourier descriptors

- Let's consider the firsM terms of the sum only

2(k) = 3 a(u)e? ¥N M <N
u=0



 Properties
- Fourier descriptors can be computedtfusing FFT
- The zero descriptax (0) represents the center of gitgt of the cure.
- A translation of the cue/by zy = Xg, Y affects only thex (0) term:
a(0) = 2(0) + 29

- A rotation of the curg by an angle @ results in a phase shift of the coef
cients:

a,(U) = a(u)e

- A scaling of the cure by a factor S (about the center of graly of the cune)
results in scaling of thedtrier coeficients:

z5(k) = sz(K)
as(U) = sa(u)

- A change in the starting point of certraversal producesnodulation of the
Fourier descriptors:

Zp(k) = z(k — ko)
O{p(U) — a(u)e—IZ kou/N

* Normalization

- Translation inariance: setr(0) = 0

a(n)

|or (1)]
(r(1) will always be the lagest assuming the cuadoes not cross itself)

- Scale irvariance:a'(Nn) =

- Rotation and starting pointyariance: can be doneibmore complicated.
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| mage Water marking
(J. O Ruanaidh and. Pun, "Rotation, Scale andrdnslation Inariant Digital Image Vétermark-
ing", Sgnal Processing, vol 66, no. 3, pp. 303-318, 1998)-line)
 Data hiding or steganography

- Steganograply deals with methods of embedding data within a medium (e.g.,
images) in an imperceptibleay

- The irvisibly embedded signaivatermark) completely characterizes the per

son who applied it on the image, and can be used as a proof of digital media
ownership (copright protection).

* Why it works?

- Data hiding techniques in imagegp#re thenoise or distortion masking
property of the human visual system.

- This property refers to the decrease in the peedentensity of a visual stim-
ulus when this is superimposedepanother stimulus.

» Related areas
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Encryption

- Data transmitted v& a retwork may be protected from unauthorized
recevers using cryptographtechniques.

- Only persons who possess the appropriateigrikey an decrypt the data
using a public algorithm.

- Once the data is decrypted Wever, it can be freely distribted or manip-
ulated.

Authentication

- Itis related to data inggity verification.
- Should be able to signal a data mptigy violation when significant modifi-

cation of the visual content occur and pinpoint the imagems which
have een altered.

- In contrast to cogright protection, data inserted for authentication should
be fragile (i.e., should be modified when the image is manipulated).

Covert communications

- Exchange of messages secretly embedded within images.

- Being able to corey a firly large amount of data is a basic requirements
for such applications.
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* Requirements

- The modifications caused byatermark embedding should notgdade the
perceved image quality

- Watermark signals should be characterized by great caitypte to able to
produce anxdensve st of well distinguishable atermarks (trustarthy detec-
tion).

- Watermarks should be associated witheg tthich is used to cast, detect, or
remove a vatermark (pwate or public leys).

- The watermark must be easily and securely detectable byatherdi.e., using
the ley).

- The watermark must be di€ult or impossible to reme (.e., without the
key), at least without visibly dgading the original image.

- The watermark must surve image modifications that are common to typical
applications (e.g., filtering, compression)

- Watermarks should not be remoed using statistical methods (i.e., should be
image dependent).
 Stepsin watermarking

Generation: producing theatermark pattern, using arwper and/or image
dependent dy.

Embedding: a superposition of thatermark signal on the original image.

Detection: ‘erifying whether the image under consideration hosts a certain
watermark.
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 Categorization of water marking techniques

Availability of original image during detection

(1) Private or image escw schemes

* Require that the original image igafable during detection.

* Rohust to a wide range of image manipulation including filtering and
geometric manipulations such as cropping, scaling, rotation, etc.

* Do not fit well in certain applications.

(2) Oblivious or blind methods
* Do not require the original image foratermark detection.
* M ore general compared to yaie schemes.

* Limited rolustness to image modifications and attacks.

Domain where the atermark signal is embedded

(1) Spatial domain methods

* Do data embedding in the spatial domain by modulating the intensity
of certain piels.

(2) Transform domain methods

* M odify the magnitude of the cdefients in an appropriate transform
domain (e.g., DFIDWT, DCT etc.)
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Rotation, Scale and Trandation Invariant
Digital Image Watermarking

» Qverview of the method
- It is based on thedurierMellin transform.

- The embedded marks are ueated by ay combination of rotation, scale,
and translation.

- Watermark is encoded using spread spectrum encoding:
* Encoded vatermark resembles a pseudo-random sequence.
* This allovs embedding messages of arbitrary length.
* A secret key is nreeded for decoding theatermark (seed used to generate
the pseudo-sequence).

- The encoding scheme is coupled with an ecmrecting scheme for impved
robustness.
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e Fourier-Mdllin transform

- It's the Fourier transform applied onlag-polar coordinate system.

- The log-polar transform is defined as folk

wherey O Rand0< 6 <27

- There is a unique correspondence betweery) and(u, 6)
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 Rotation and scaleinvariance
- Scaling in(X, y) domain corresponds to translation(jm, ) domain.

(s, sy) --> (u +10g(s), 6)

- Rotation in(X, ¥) domain corresponds to translatior(jm, ) domain.

(xcos(¢) — ysin(¢), xan(¢) + ycos(¢)) --> (u, 6 + ¢)

- The magnitude of thedtrierMellin transform is inariant to translation.

 Rotation, scale and trandation invariance
- Consider the follving two operators:

(1) F which etracts the magnitude of th@®rier transform.
(2) F 4 which etracts the magnitude of the@&rierMellin transform.

- Consider an imagé (X, y) which is translated, scaled, and rotated
f(x,y)=RST f(x,y)
- It can be shan that

[Fu F1T(X,y) =[Fm F1T(X,y)

(true for aiy combination of transformations and inyasrder)
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- There are manpractical issues (see paper for details)
* Computing the log-polar or werse log-polar requires interpolation.
* Both steps introduce some loss of information.
» Water mark embedding and extraction
- The watermark is a 1D spread spectrum signal as discussed.

- Each element is added to some percentage of tgestacomponents in the
invariant domain (i.e., éurierMellin).

- The variance of the spread spectrum signal indicates the strength oatiéwe w
mark.

- The diagram belw illustrates thexdraction of the \atermark.
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» Experiments

- The authors demonstrate the uetness of their method to rotation, scale,
translation.

- Also, thg demonstrate reasonable usness to JPEG compression
(50%-75% quality dctor) and cropping (50%).

- It takes 7 sec to embed a message and 5 setr&cit.



