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Abstract

A method to detect anti-aliased pixel and pixel that
render a slope of intensity gradient is described here. Anti-
aliased pixels make lines smoothed and image looks better.
Therefore, many computer text and image rendering
applications processing text and computer created images
to do them viewable like taken with a camera.

Anti-aliased pixels are a hig problem for image
magnification. |mage magnification methods use neighbor
pixels to interpolate lacking pixels values. Because the
same algorithm is applied to all pixels without analyzing
what every pixel represent, this generates magnification
blur. This phenomenon decreases object’s edge sharpness
like blurring or low passfilter.

However, anti-aliased pixel can be used to estimate
line position with subpixel accuracy [1], aliasing blur can
be decreased and image magnification quality will
increase. An anti-aliased pixel looks like intensity gradient
slope and is necessary to detect what pixel is slope and
what pixel is anti-aliased. There is a fast algorithm to
magnify image [2] where different algorithms are used on
four pixel groups to estimate better region magnification
quality. This method is very quick, simple to implement
and draws a very good result in relation with well-known
interpolation algorithms.

Aliasing phenomenon occurs because objects in
real world have continues, smooth curves and straight lines
in various directions, where digital pictures have discrete
points called pixels which are arranged rectangular [3-5].
Actually, an image sensor or monitor pixel has some small
physical size, so it have finite resolution, where real world
have infinite resolution. When high or infinite resolution
object is projected to finite low-resolution discrete mesh,
like image sensor, lines and curves become jagged. As
soon as we deviate from rectangular shapes, we begin to
see some unwanted artifacts. These unwanted artifacts,
often-called stairsteps or jaggies, are a form of aliasing.
They will appear whenever we attempt to represent a shape
that deviates from a rectangle. This is because the image
sensors and screens are rectangular as the pixels. This
problem can be partly solved by increasing grey level or
color level number, but this is only the deception of the
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eye, the result is still the same, some stairs become only
lower intensity. This minimizes visible distortion artifacts.

Anti-aliasing phenomenon occurs when pixel is
partially covered with light and dark area. That pixel
intensity is proportional to light and dark area ratio. Anti-
aliasing obtains naturally when picture is taken on digital
camera. Anti-aliased image looks better, curves and lines
looks smooth.

In digital signal and image processing, anti-aliasing is
the technique of minimizing the distortion artifacts known
as aliasing when representing a high-resolution signal at a
lower resolution. Anti-aliasing is used in digita
photography and computer graphics [3-5]. Text and
digitally created image rendering on digital screen like
LCD or digital projector have problem with pixel aliasing
— image is jagged. Therefore, there are many methods to
make image anti-aliased.

Theoretically, anti-aliased pixels are on the image
edges, but not every edge pixel is anti-aliased. After some
experiments with the most popular edge filters, it was
found that some edge filters shift the edge at least by one
pixel position. Other edge filters generate edge more than
one pixel thickness and that is not usable for anti-aliased
pixel detection. Moreover, the main weakness of various
edge filters is threshold, which value mostly defined
manually. Additionally, threshold value depends not only
on whole image illumination, but also on image part
illumination, for example, shadow of object has less light
than common image. To get well-formed edge on
shadowed image it is necessary to define different
threshold values in shadow zone and in light zone.
Unfortunately, automated edge detection methods are
currently unformed.

Edge and anti-aliased pixels relation cannot be
superposed. Moreover, edge detection commonly require
manual turning, which is unsuitable for image
magnification that will be automatic, without any turning
or any interposition with human.

Image anti-aliasing technique
Image anti-aliasing filter use convolution as the most

of image-processing methods use. The simplest
convolution kernel
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The C code implementation of this convolution

algorithm is very simple and shows how it works.

int snoot h_npi xel (int x, int y)
{
int sum
sum = get _npi xel (source, X, Y);

if (sum == 255)

/1 pixel is transparent,
return sum

do not filter

se

sum += get _npi xel (source,
sum += get _npi xel (source,
sum += get _npi xel (source,
sum += get _npi xel (source,
return sum/ 5;

}
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}

voi d sinple_snmooth(int wdth,
{

int height)

int x, vy;

for(y=1; y<height-1; y++)
for(x=1;

{
set _npi xel (target, x, y, snoot h_npi xel (X,Y));

x<wi dt h-1; x++)

Fig. 1. Anti-aliased filter Fig. 2. Anti-aliased image

Each anti-aliased image (Fig. 2) pixel is calculated as
mean of five pixels (Fig. 1). This routine has an
asymmetry, which can be both an advantage and a
disadvantage: diagonal edges are blurred more than
horizontal or vertical edges. To show why, the filter matrix
was put in the following figure (Fig. 1) on a horizontal
edge, a vertical edge and an edge at 45 degrees. Assume
that in this figure, a white pixel has value one (1.0) and a
gray pixel has value zero (0.0). Anti-aliasing filter blur an
image and it looks dightly like an image from a digital
camera. However, in real camera anti-aliased pixel is only
one pixel that is between light and dark area. When thereis
more than one pixel, they represent a ramp of image
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intensity. In this situation, there are two anti-aliased pixels,
one on the top of ramp and other on the bottom of the
ramp.

Anti-aliased and intensity slope pixel detection

Most of mathematic methods are reciprocal, and anti-
dliased pixel can be detected with inverting previous
method. Coefficients for surround pixel values are

calculated from image A pixels as matrix:

A A A
A A A,
A A A

Ay =AXY),

A = Ax+1y)-AXY),
A =Ax+Ly-D-AXY),
A =Axy-D-AxY),
A =Ax-1Ly-D-AxY),
A = Ax-1y)-AxY),
A =AX-Ly+D-AXY),
A =Ax y+D)-AXY),
Ay =AX+Ly+D—AXY).

)

©)

After number of tests it was found, that anti-aliased
and dlope pixels has some positive and negative and no
coefficients with zero value. Zero values means that pixel
is on the top or the bottom of intensity hop or on the
straight line.
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Fig. 3. Scanning anti-aliased image line

Very simple situation (Fig. 3) shows how sope and
anti-aliased pixel detector works. When pixel lies on slope
or is anti-aliased, surround coefficients have positive and
negative values and when line intensity unvarying no more
than two zero values which direction isthe same asline.
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Fig. 4. Scanning anti-aliased image curve

The same algorithm can be applied for curves (Fig. 4)
with the same results. Curve shape lines sometimes have
more than one direction. Therefore, agorithm will be
supplemented with direction evaluation function.

Fig. 5. Real image with lines, curves and noise

F|g 6. Antl ah&d and slope map (antl-allased black, slope —
gray, any —white)

Real pictures (Fig. 5) have flashes, shadows, noise
and digitization artifacts, which disturb simple algorithm
and it must be enhanced. Image (Fig. 6) shows anti-aliased
(black) ant slope (gray) pixels to show how this algorithm
works. The main feature, that matrix coefficients must
have with different signs have been supplemented with
direction evaluation. Image and digitization noise can be
recognized as anti-aliased or slope pixel. Some kind of
noise as “sat and pepper” noise commonly is only one

pixel noise, and this algorithm is insensitive for that kind
of noise, because all surrounded pixels intensity are lower
for “salt” pixels or higher for “pepper” pixels, than
difference of pixel intensity always have the same sign.
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Fig. 7. Anti-aliased and slope pixel detection algorithm

For each pixel is checking surrounded pixels
difference with center pixel if it has positive and negative
values and no more than two zero values. Therefore, this
pixel is at least slope pixel. Then check if the pixel is anti-
aliased. Previoudy, pixel numbers were obtained with
maximal and minimal values. Later try these pixels as
center and check if these pixels are on top or bottom of
brightness landscape. A top or bottom pixel has more than
two zero vauesin difference matrix.

Testing and results

Other method to detect anti-aliased and slope pixels
was not found, therefore this method cannot be compared
with another method. Therefore, there was only optical
method to check how it works.

For artificial images, created with drawing tools, this
method works excellent. However, with real pictures,
taken with photo camera or unknown source, accuracy is
about 65 — 95 percent. One problem that decreases
accuracy is noise that come from image sensor. Image with
good lightning draw better results when pour lighted
images have more random noise and shows worse results.
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V. Vysniauskas. Anti-aliased Pixel and Intensity Slope Detector // Electronics and Electrical Engineering. — Kaunas:
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Each image dot can be associated with some image part, for example line, area where intensity changes or area with constant
intensity. Image processing use these image parts. |mage transferring into the digital domain in any words image digitizing, because of
finite dot (pixel) size some pixels are partly closed with light and dark area. These pixels are called anti-aliased. Frequently these pixels
are unwanted or impede to extract edge or blur magnified image or ripple edge in shrink image. When it is possible to detect that pixel,
different algorithm can be applied for processing and image quality can be increased. A method to detect anti-aliased pixels and pixels
which intensity change continuous (slope) is presented. 111. 7, bibl. 5 (in English; summariesin English, Russian and Lithuanian).

B. Bunnsiyckac. J[eTeKTop nepeceyéHHbIX TOYEK M TOYEK Ha CKJIOHe SIpPKOCTH // DjleKTpOoHHKa U dj1eKTpoTexHuka. — KayHac:
TexHomnorus, 2009. — Ne 7(95). — P. 107-110.

Kaxnmass Touka m300pakeHHsT MOXET OBITH OTHECEHa K KakoMy HHOYTb OOBEKTy B HEM, HalpHMep, K JIMHUHM, K 30HE C
WU3MEHSIOUICHCST APKOCTBIO, MM K 30HE C MOCTOSHHOHN SPKOCTBIO. DTH YacTH H300paXeHHs HCIONb3YIOTCS npu obOpabotke. Ilpu
nepeBojie N300pakeHUs] B TUCKPETHOE MPOCTPAHCTBO, WM OIM(POBKE U3-32 KOHEUHOH BEIMYMHBI TOYKM MOSBISIOTCS TaKHe TOYKH,
KOTOpBIE YACTUYHO HAKPHIBAIOT CBETIYIO U TEMHYIO YacTH n300pakeHus. Takue TOUKM Ha3bIBAIOTCS MepecedEHHbIMU. Yallie Bcero oHu
MEMIAIOT BBIAENUTH KOHTYp, CIOCOOCTBYIOT  Pa3MBIBAHHIO KOHTYPOB TPH YBEIMUEHUH, WM JAENaloT psAOb Ha KOHTypax MpHU
yMmeHblIeHnd. Eciy ompenenuTs Takue TOUYKH, TO K HAM MOXHO IIPUMEHHTH JIPYroil MeToj oOpabOoTKM M TeM CaMbIM YIyYIIUTh
Ka4yecTBO m300paxkeHns. IIpencraBineH MeTon OOHApY)KEHUS MEepPecedEHHBIX TOYEK M TOYEK Ha CKIOHe spkoctu. Mm. 7, 6ubm. 5 (Ha
AHTJIMICKOM s3bIKe; pedepaThl Ha aHIIMHCKOM, PYCCKOM U JIMTOBCKOM 513.).

V. Vysniauskas. Susiliganéiy ir ryskumo $laito tasky nustatymas // Elektronika ir elektrotechnika. — Kaunas: Technologija,
2009. —Nr. 7(95). — P. 107-110.

Kiekviena vaizdo taska galima priskirti kuriai nors vaizdo daliai, pavyzdziui, linijai, ryskumo pokycio sriciai ar sriciai, kurios
ryskumas nesikeicia. Sios vaizdo dalys naudojamos apdorojant vaizdus. Perkeliant vaizdus i diskreting erdve arba, kitaip sakant, juos
skaitmeninant, dél baigtinio tasko dydzio atsiranda tasky, kuriuos i§ dalies uzdengia sviesi ir tamsi vaizdo sritys. Tokie taskai vadinami
susiligianciais. Daznai, apdorojant vaizdus, jie ne tik nereikalingi, bet ir trukdo, pavyzdziui, jie trukdo isskirti kontarus arba kontiras
isskysta didinant vaizda bei raibuliuoja ji mazinant. Nustagius tokius taskus ir apdorojant vaizda pagal kitokius agoritmus, galima labai
pagerinti apdoroto vaizdo kokybe. Pateikiamas metodas, kuris leidzia aptikti susiligancius taskus ir taskus, kuriuose kinta vaizdo
ryskumo intensyvumas. 11. 7, bibl. 5 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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