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V. Image Improvement
Enhancement, restoration, geometrical modifications
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" S
Image Improvement

m Image improvement denotes three types of image
manipulation processes:

Image enhancement entails operations that improve the
appearance to a human viewer, or operations to convert
an image to a format better suited to machine processing

Image restoration has commonly been defined as the
modification of an observed image in order to compensate
for defects in the imaging system that produced the
observed image

Geometrical image modification includes image
magnification, minification, rotation and nonlinear spatial
warping
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" S
Image Improvement

m [mage enhancement

Contrast and histogram

Noise cleaning

Edge enhancement

Color/multispectral image enhancement
m [mage restoration

m Geometrical image modification

- Book: Digital Image Processing, Pratt, Ed Wiley, 4rd edition, 2007
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" S
Image Enhancement

m Improve the visual appearance of an image or
to convert the image to a form better suited
for analysis by a human or a machine

m A lot of techniques exist

m There is no general unifying theory of image
enhancement at present because there is no
general standard of image quality that can
serve as a design criterion for an image
enhancement processor
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Contrast improvement

m The most common defects of photographic or
electronic images is poor contrast resulting
from a reduced, and perhaps nonlinear,
iImage amplitude range

> |mage contrast can often be improved by
amplitude rescaling of each pixel

Histogram
Transformation functions

Département GE - DIP - Thomas Grenier




" S
Histogram

m Number of pixels that have a given intensity
value

h(i) Number of pixels
12131
—> 9
21131 3
12311 ][]
image 123 Grey-levels: i

m Similar to the probability density function
p()=h(i)/nb_of pixels
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" S
Histogram

m Examples ‘ "‘k

I 0000000 ]
] 2585
Count: 262144 Min: 0
Mean: 958.434 Max: 243
StdDev: 52.585 Mode: 83 (2760)

Mean = 100

Mean = 130
20.250 204,583
Count 65536 Min: 20.250

O = 20 Mean:104.218 Max: 204 583

StdDev: 22.5M Mode: 103.416 (908)
Bins: 256 Bin Width: 0.720
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Histogram manipulation
m Use a transformation function

Try an existing (classical) one
Build your own!

~ T(u) T(u)
> 255 255
C
g < / j/\
§ 0 - U 0 - U

N

\O 25)5 0 255
Y
Input Range
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" S
Histogram manipulation
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Histogram manipulation

m Brightness and contrast

saturation

20.250

Brightness (level) ——— |

204.583

\ Contrast (window)

middle value of the contrast window

->Demo

->Best choice ?
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Histogram manipulation

m Grey level histogram equalization

AMPLITUDE, H(j)

ALl al bl bl Al AL ALALALALM

5 SCLLL
/

\\\\

AMPLITUDE, Hgl(k)

A A Y F Y F A A A
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‘g’ function ?

g A
[P (2)dg= [p,()df

|NPUT Emin fmin
GREY
LEVEL

fpg (g)-dg = P.(f)

& min

OUTPUT
GREY
LEVEL
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Histogram manipulation

g
m Histogram equalization [ P (2)dg=P.(f)
“1Examples o
m The output density is forced to be the uniform density
|

pg(g): gminSgngaX
gmax _gmin
8= (gmax _gmin)Pf(f)+gmin
m Other functions for the output density (exponential,
logarithmic)

Pe(8) = aexp{-0(g—€min)} €% Cmin e g = gmin—éln{l—Pf(f)}

|
— _ Smax
g[ln{gmﬂx}_ln{gmin}] g a gﬂllﬂ(

Smin

P
py(s) = I
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" S
Histogram manipulation

m Histogram equalization, example

Transfer function

(PA1)

i

X-ray projectile image
and histog ram Département GE - DIP - Thomas Grenier 14
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Histogram manipulation

m Threshold

binary

20.250 204.583
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Histogram manipulation
m Threshold
LUT
n regions
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Histogram manipulation

m Limitations
Histogram equalization is not well adapted for
good quality images
Histogram threshold is not a noise removing
technique!
Histogram equalization should be adaptive!
m Some methods exist (local equalization)
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Local Histogram analysis

» features measured on the smallest neighborhood (1 pixel)
grey-level (NG), color, quantitative value (Bg/cc, ...) ...

« features measured on a neighborhood - local histogram
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Common computed values from the density probability
function p(x) (based on histogram, local or not)

* Moments

* Centered Moments

m = Elx¥']= 22 plx)

N: number of grey levels

i, = (e - Elx]) 1= ¥ (x=m,) p(x)

» Entropy

H = —20p<x> log, (p(x))

* Absolute moments, median value, max/min value, mode,
percentiles, invariant moments (Legendre, ...) ...
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128x128 pixels

Computed on a 16x16
neigborhood

Variance

Mean
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Noise cleaning
m Mean filter (linear filtering)

m Median filter (nonlinear filtering)

m Frequency domain filter (LP, HP, band-
rejection (notch), ...)
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"

Noise cleaning

m Many types of noise...

Gaussian Noise Salt and pepper noise

(sd 25)
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Noise cleaning

m Periodic and quasi periodic noise

N W

5
ul

Quasi periodic noise Fourier amplitude spectrum
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'._
Linear filtering
. i,j)= h(k,l i—k,j—1
m Mean filter ¢/ = 2 2 D/ G=k.j=D)
W: 25 neighbors
Result on Gaussian noise H=(1/25).1 Result on Salt & Pepper noise

Département GE - DIP - Thomas Grenier
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Linear filtering

m Mean filter and DFT

N=M=1: mask 3x3

hxy) H(u,v)

= Anisotropic low pass filter with poor selectivity
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" S
Linear filtering

m Mean filter anisotropy, (mask 11x11)
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Linear filtering

x> +y°

20_2 )

Filter with inifinite impulse response! > Approximate the ideal filter by
truncating and windowing the infinite impulse response to make a FIR

h (x’y) . H(u’ V)

Isotropic low pass filter with poor selectivity
H(u,v) is a gaussian

1
m Gaussian Filter h(x,y) = Py exp(—

=>Many other types of filter

=>high pass, low pass, band-stop, derivative...
=>»|deal, Butterworth,...
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Non linear filtering
m Median filter
1Replace the central value by the median value of

the neighborhood
TEEITEN /\ .

112223334 L2
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Non linear filtering

m Median filter

~1Advantage of median filtering over linear filtering:
edges are preserved

H{/
T~

Median Filter
neighborhood = 3

Mean Filter o [ [ [
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" S
Non linear filtering

m Median filter

Result on Gaussian noise W=25 W=9 Result on salt & pepper noise




Frequency domain filtering

Tl

. DFT'
= Fuv) ——1(@1y)

m Approach
Region selection in the frequency space (u,v)
A\
 DFT !
f(1,)) F(u,v) x
_)U.
H(u,v)

* to keep £°(i,j) real, regions must be symmetric about the origin

* In frequency space (u,v), region boundaries can be
*Steep (but ... oscillations can appear: Gibbs)

*Smooth (but less selective)
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Frequency domain filtering

m Approach
Many forms for regions

Choice of
one direction

Choice of
@ frequency bands

b

N\

Mix !
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Choice of the
direction and
frequency bands

—~>Low-pass filters
—>High-pass filters
—~>Band-pass filters
—>Band-reject filters...

32
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Frequency domain filtering

Remove!

m Notch filter

Periodic noise
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Edge enhancement

> Edges: Changes or discontinuities of
amplitude in an image

> Edges provide an indication of the physical
extent of objects within the image =» Contours

m Edge detection

Differential detection
Model fitting

m Edge enhancement filters

Département GE - DIP - Thomas Grenier 34
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Edge enhancement

m Edge detection

1 \](x)

-
?
Edges/contour

Département GE - DIP - Thomas Grenier 35

Binary image

| §

<+
slope

Contour Contour ? Contqur ?

> >~ —_—
b
— —
- o~
- S

Contour ? in
which direction ?

=>What are a change or a discontinuity ?
=>What about the direction (in image) ?
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Definition of continuous contour and gradient

Y
J(x.y)

r

\L A1 0

Y
Continuous one-dimensional gradient g(x,y) of f(x,y) along a
line normal to the edge slope which is at an angle 6 with
respect to the horizontal axis:

ﬁf;x,y) manfor 0,0+ j@(&fﬁ(x,y)j o
r r
Gf(x,y/
g(x,y)=Vf(x,y)= of (x, y
/y 37
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X

of Jdfodx Jf oy Jf af .
or  Ox §r+5y or  Ox cos(6)+ oy sin(&)

0 5f(x,y)j - - L sin()+ 2
= — (6)+ cos(d) =0
56’( or 0 ox %)

7 ]/
Direction —arcta

Oc %
o
Amplitude (ﬁj \/( f) ( f]
ar) ox oy
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Gradient in discrete domain
m For each pixel (i,j): gradient computation in two

orthogonal directions e~ p , D
x> =y

m Gradient amplitude M = \/sz + Dy2

D
m Gradient direction 0 = Arctan(ﬁj
D :
H, —> — Amplitude map
.. M
H, 3> -~ Direction map
Département GE - DIP - Thomas Grenier 39

> For computational efficiency, the gradient amplitude is
sometimes approximated by the magnitudes combination

M =|D|+|p,

> |f the gradient amplitude M is large enough (i.e., above some
threshold value), an edge is deemed present

> The direction (angle) map is used to follow the contour

>Many H1 H2 operators exist:
df () _ . Srh) = f ()
D.(0,j))=f0)=-fE=Lj) ax o h

D, j)=f0 )~ fE =1

Pixel difference

Separated pixel difference D.(i,))=fG+1)—-fG-L))
Dy(laj) =f(19]+1)_f(laj_1)

=» Convolution windows!

Département GE - DIP - Thomas Grenier 40
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Operator Row gradient H1 Column gradient H2

—H4, H,

0o 0 0 ] 0 -1 07
Pixel difference 0o 1 -1 0 1
0 0 0 L 0 0 0
0 0 0 r o0 -1 7
Separated i 0 -1 0 0 0
pixel difference 0o o 0 0 1 0
o0 0 -1 [ —1 0 07
Roberts 0o 1 0 0 1 0
| 0 O 0 L 0 0 0
1 0 =17 [ —1 =1 —-17
1 1
Prewitt -1 1 0 -1 -1 0 0 0
3 3
L1 0 -1 L1 1 1
1 0 =17 -1 - -1
1 1
Sobel -1 2 0 =2 -1 0
4 4
1 0 =1 1 2 1
r10 =17 =1 =8 =9
1 1
Frei—Chen 2 0 —./2 0 0 0
2+ \/5 \/" 2 + \/5
L1 0 —1 . 1 ﬁ 1
Département GE - DIP - Thomas Grenier 41
"
1Roberts Amplitude

Zoom
(inhomogeneities!)

white=n/4

grey = 1t +n/4

black = 2n+m/4

128x128

H, Direction

Département GE - DIP - Thomas Grenier 42




" N

“1Roberts

Amplitude

43

—> Increasing the contrast, many
edges appear due to noise
=» Edge detectors are high-pass filters

Département GE - DIP - Thomas Grenier
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Compass operator
s Computation of the gradient in N directions
m Selection of the maximum value

H,

H,

— Amplitude map

N max(.) L
1)) — Direction map

Hy
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Prewitt

. Gradient compass Raobinson Robinson
direction gradient Kirsch 3-level 5-level

T 1 =1 7 r 1 F oot
m Examples 3 =9 v

East 1 -2 -1 5 0 -3 1 0 —1 2 0 -2

Hy 1 1 14 5 3 3 L 1 0 1 L 1 0 —1

Vo cf 1] —3 =3 —3] [ 0 =4 1] [0 -1 -2

Northeast 1 -2 -1 5 0 3 1 0 1 1 o0 -1
H

s 1 1 1 5 &5 —3d L o1 1 0. L 2 1 04

[ =1 =1 =1 [ -3 -3 -3 S s e iy [—1 -2 -1

Morth 1 -2 1 -3 0 -3 0 0 o0 o 0 0
H

2 L o 1 1 L 5 5 5l L 1 1 1. L o1 2 1

[ 1 1 1] (-3 —3 -3] [li=3 1 0 -2 -1 0]

Morthwest —1 -2z 1 -3 0 5 = O -1 0 1

Ha L 1 1 1 L-3 5 5 L o 1 1 L o 1 2

[lq 1 1] (-3 -3 5] 10 1] -1 o0 1]

West -1 =2 1 =3 0 5 -1 0 1 2 0 2

Hs L1 1 1d L 3 -3 5l —1 0 % L1 o 1

11 1] (-3 5 5 [0 1 1] Fo 1 2]

Southwest -1 -2 1 -3 0 5 -1 [} 1 1 0 1

Hs Lo 14 L-3 -3 -3 L =4 o L -2 1 0

[ 1 1] [ 5 5 5] s 1 1] C 1 2 1]

South T -2 1 —&  or =g 0 0 © 0o o0 0

H L—1 —1 —1d L—3' =8 -—al L—-1 —1 -1 L% .—8" —1d

[ 1 1 T3] [ 5 5 —3] [ 1 i 0] - o]

Southeast 1 B =1 5 0 -3 1 0 -1 i 0 —1
H

o L 4 = =qd L-3 -3 —3l S g, R T L o —1 —2d

1 1 1 1
Scale — — - -

factor 5 15 3 4 46
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Laplacian /(0 =V /s, = L0 O/ 000

_ oy’
00 0] [00 0]
01 -1|®0 1 -1 0 1 0
00 0] [00 0] 4
[0 -1 0] [0 -1 0] 0 1 0 _01 _41 _01
3 ; 3®2 ; 3 0 1 0 then absolute value
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S
m Emphasis filter 0-1
-1 4-
0-10 0-1
-1 5-1 = Input Image + Laplacian
0-10
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m Unsharp masking, Highboost Filtering
Used by the printing and publishing industry

1- Blur the original image
2- Substract the blurred image from the original (the result is called the mask)
3- Add the mask (multiplied by k) to the original

original

HELLO

HELL ok
)

Sharpened (k=1)

mask

Highboost (k>1)
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Edge fitting

m Image data f can be fitted to an ideal edge
mOdel S 2D Ideal edge model

1D ldeal edge model f(x)
£
h s(x) . !
' ,
o

- An edge is assumed present if the
Hyperbolic Edge model 1D Mean Square Error is below a threshold
value Yokl

I” MSE = [[f(x)-s(x)f dx

Model+minimization... image restoration

Département GE - DIP - Thomas Grenier 50




" S
Image Restoration

m [mage restoration attempts to recover an
Image that has been degraded using a priori
knowledge of degradation phenomenon
—~>Modeling the degradation

- Applying the inverse process (in order to recover
the original image)

=» Involves formulating a criterion of goodness
that will yield an optimal estimate of the
desired result

Département GE - DIP - Thomas Grenier 51

"
m A model of the image degradation/restoration
process

Degradation R A
f(x,y) ===) | function —> @ ) iﬁtgﬁs;on = f(x,y)

h
ﬁ g(x.y)
1n(x,y)
Original Noise Degraded image Estimate of
Image (input) the original
image
g(x,y) =h(x,y)® f(x,y)+1(x,y)
G(u,v)=Hwu,v).F(u,v)+ N(u,v)
- NG /

Degradation Restoration
(Sensor, digitizer, display, movement)
Département GE - DIP - Thomas Grenier 52




" J n(x, )
m Noise Models

Gaussian (normal) noise p(2) = e
V270

b—a
0 otherwise

Uniform noise p(z):{ L ra<z<h

B, forz=b

0 otherwise

Impulse (salt and pepper) noise F for z=a
p(z)=

Erlang (gamma) noise

I T 2 ~(z—a)* /b
Rayleigh noise p(z):{g.(z—a)w " forz2a

0 forz<a

Département GE - DIP - Thomas Grenier 53
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Restoration: presence of noise only

gx,y)=f(x,y)+n(x,y)
m Mean filters

Arithmetic, geometric, harmonic
1 m.n

1 . mn
Hi’;@g(%]) l: Hg(i’j):l Z 1

i,j€Sy i,JES,, g(l)])

m Order statistic filters

Median, ~ min & makx, midpoint
Fx,p) = midgan(g(s,t)) f(x,y)= max (g(s,0)) 2 max+ — min

f(x,y)= gg?_(g(s,t))

m Adaptive filters
Local noise reduction, adaptive median, ...
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" JEE
m Adaptive Median Filter

Notations

Z,in = Minimum intensity value in S,
Zinax = Maximum |.ntenS|_ty value in Syy
Zineq = Median of intensity values in S,y
z,, = intensity value at coordinates (x,y)
Smax = Maximum allowed size of S,

Algorithm for a pixel (x,y)

Stage 1: Stage 2:
Compute Zmin» Zmax> Zmed B1 = Zyy ~ Zmin
Al= Zmed ~ Zmin B2 = Zyy ~ Zmax
A2=27 4= Znax if B1>0 and B2<0
if A1>0 and A2<0 - stage 2 output z,,
increase the window size else output z 4

if window size < S, = stage 1
else output z

Département GE - DIP - Thomas Grenier
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"

Reference

Median Filter (5x5)

~1Result of Adaptive Median filter

Noisy image (S&P, 0.35)

Adaptive Median (S,,,, 9x9)

Département GE - DIP - T|

56




" A
Restoration: Periodic noise reduction

g(x,y) = f(x,y)+n(x,y)
m By frequency domain filtering
Bandreject filter
Notch filter 2 optimum notch

Build Hyp (Notch Pass) by placing a notch pass filter at the location of each spike.
Interference noise pattern is:

N(u,v)=Hyp(u,v).G(u,v)
then n(x,y)=FT" [N(u,V)]
thus ;f(x, ¥) = 8(x.7) = w(x y)n(xy)

Estimate of f(x,y) Weighted function (minimizes the effect of
components not present in the estimate of n)

= How to select w(x,y) ?
Département GE - DIP - Thomas Grenier 57

" J
mwW(Xx,y) ?

w(X,y) is selected so that the local variance of the
estimate of fis minimized (optimum choice of w)

oo’ (x,y) _ 0
ow(x,y)

g(x,1)7(x,») - g(x,y)(x, )

= w(x,y)=EEYT
nz(xsy)_ﬁz(xay)

—>Prove the validity of this equation
Hints:
—>estimate the variance in a small neighborhood
—>assume that w remains essentially constant over the neighborhood
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Restoration: linear, position-invariant

degradation g(x,y) = H[f(x,)]+71(x,)

m His linear,
Hlaf\(x, y)+bf,(x, )= aH][ f,(x, y)]+ bH[ [, (x, y)]

m If H is position invariant then (for any a and b):
H[o(x—a,y—b]l=h(x—a,y—b)

2 aXY):  g(x,9) = h(x, ) ® f(x, ) +7(x, )
G(u,v)=Hu,v).F(u,v)+ N(u,v)
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" J
Estimating the degradation function

Blind deconvolution
m 3 principal ways
Observation H (u,v) = 20

F(u,

m Small rectangular section containing samples 7)
structures (part of an object, background) Gl
u,v

Experimentation H(u,v)=

m Obtain the impulse response of the degradation
function by imaging an impulse (small dot of light)

Modeling

s Mathematical model that take into account
environmental conditions that cause degradation

m Derive a mathematical model starting from basic
principles
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And after ?

m Inverse filtering
. . ﬁv(u V)Z G(U,V)
Without noise Y Huv)

With noise Buv) = Fu,v)+ )
= We have to known N! H(u,v)
m What happen for small values of H(u,v) ?

m Minimum Mean Square Error (Wiener)
Filtering

m Constrained Least Squares Filtering
...

Département GE - DIP - Thomas Grenier
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Geometrical image modification

m Spatial transformations

Example
= Shrink image to half its size (x', ") = T{(x, y)} =(x/2,y/2)
Affine transform: 4ty O
[x',y',l]:[x,y,l]. ty tp O
_t31 I, 1_
Higher order

[x',y',l] =[x, v, x% y%,xp,...,1]1.T
> Estimate (or compute) the inverse matrix
2 If needed, use interpolation

Département GE - DIP - Thomas Grenier
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Higher order transforms

Applications :

Lens distortion correction, perspective

T lr . FTE%
b= s ]
= -]
/" =i
Orthoscopic Barrel Pincushion

projection distortion distorsion

Département GE - DIP - Thomas Grenier 63
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Before texture
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Analyse de texture

Région >< zone de NG ou de couleur homogene

b L Rehtibtibed] L..}“l:%
S o LB mu\“::(\ e b ‘ -

‘...‘\“t

Seuillage !

il Détection de
contour !

Département GE - DIP - Thomas Grenier
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Texture = information visuelle qualitative:

Grossiere, fine, tachetée, marbrée, réguliere, périodique...

Région homogéne: Assemblage plus ou moins régulier
de primitives plus ou moins similaires.

Analyse de texture = formalisation de ces critéres

Texture microscopique: Aspect chaotique mais régulier,
primitive de base reduite.

Texture macroscopique: primitive de basg
¢vidente, assemblage régulier.

Département GE - DIP - Thomas Grenier
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Méthodes d’analyse de texture:

Structurelles: recherche de primitives de base bien définies et de
leur organisation (regles de placement)
Meéthodes peu utilisées

Stochastiques: primitives mal définies et organisation +/- aléatoire.

Principe: €valuation d’un parametre dans une petite région
(fenétre de taille dépendant de la texture (!) ):
Analyse fréquentielle, statistiques, comptage
d’événements, corrélation,....

Pas de modcle général de texture =
Nombreuses méthodes ad-hoc.

Département GE - DIP - Thomas Grenier 67

"
Exemple de méthode: Matrices de
co-occurence

Statistique du second ordre:
Pr.(f(ij)=a et f(i+kj+1)=b)=p (k,l;a,b) = p (d,6: a,b)

J+
j 0
: =] =0° =],[=
; e d , 0=0° (k=1,[1=0)
20123 0123
0011 012210 014210
0011 110200 112400
0222 210031 211061
77133 310001 30012

(en symétrique
0=0°d=1etd=-1)
Département GE - DIP - Thomas Grenier 68




" S
Quelques Parameétres extraits

des matrices de co-occurence

i

NG
M locale: ZZ(Z +])p(l,]) (i, : ligne et colonne de
oyenne localc.

i1 j la matrice de co-occurrence p)
i

NG
SN
Energie ou second moment: ZZ pP (l’ J )

i=1 j=1 ;

NG
. Ny .o
Inertie ou moment d’oll\r[((l;re‘deux des différences : ZlZl(l —J ) pP (l’] )
l =l j=

Autocorrélation: ZZ’J P (i > ] )

NG i EUA

Contraste: ZZ(Z +j )2 p(i, ] )

i=1 j=1

e Il y en a d’autres ....
» L’interprétation visuelle est difficile.

Département GE - DIP - Thomas Grenier 69

Application de I’analyse de texture

K Mesure de parametres dans une
fenétre de taille K,L
L Dy') Avec un pas de déplacement Dx, Dy
N
Dx
M Cartes de

parametres
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Application des matrices de co-occurence
Fenétre 16x16, pas 2x2, k=1, [=0

(Moyenne des
distibutions
marginales en X)

R
H‘:x.}\i;‘k\:\‘\;" b

‘\\ Yigig
\ |‘ (%
'l ’“\ '“\1 " :

Département GE - DIP - Thomas Grenier

71

Influence des parametres

 Exemple : Choix de la taille de la fenétre

(Matrice de co-occurrence : Pseudo-variance)

dxd 8x8 16x16 32x32

Le choix et les réglages des parametres sont difficiles. Il faut
souvent faire de nombreux essais.

Les parameétres obtenus doivent étre pertinents pour 1’opération
suivante de segmentation.

Département GE - DIP - Thomas Grenier

72





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


