J. Of College Of Education For Women vol. 28 (1)2017

Object Filling Using Table Based Boundary Tracking

Dr. Mokhtar M. Hasan
mmwaeli@gmail.com
University of Baghdad -College of Science for Women - Computer Science Dept.

Abstract

The feature extraction step plays major role for proper object classification and
recognition, this step depends mainly on correct object detection in the given scene, the object
detection algorithms may result with some noises that affect the final object shape, a novel
approach is introduced in this paper for filling the holes in that object for better object
detection and for correct feature extraction, this method is based on the hole definition which
is the black pixel surrounded by a connected boundary region, and hence trying to find a
connected contour region that surrounds the background pixel using roadmap racing
algorithm, the method shows a good results in 2D space objects.
Keywords: object filling, object detection, object holes, noise removal, scanning 2D objects.

W) il (3 gaad) Ayl aladiody JLSEY) £l

O daana Ll 2
Cgulall ale and - AU A glal) A0S - 2oz dxals

Ladal)
8 shaall o3a cled o jaaall al ) (adlAtu) 4dS ga W jualy JSE masiall Caiiatll &l glad aal (e
o e i ) (Sae JEEY) s Glae ) ) 5A ¢ chanall ) shaiall (4 JSAT Sl sl e ol JSU5 aaiad
35 b el el JSEN e Ul 555 alls o)Al 13 Jead AlianaS Ly sty sl lia sl
JSEN a8 Lla) iy )y Aaad) JISEY) 53 ga sall e )il 63y sa0a A8y Cilaninl o3 coda Caa )
b L) g Ua aainall 180 Cay jad o Gum (JSEN 136 0 an (al s adtatil Ml (3 JSs o sllaall
A e Jleniuly Condl 138 3 Leaparad a3 i) A )l 530l Jae ulasl 5 5 Aliaiia diaiey Adalaall 351 (5l
) aal) 3 QI o B il e geanll 25 385 ¢ bl
¥ AL (S5 i celia gacal) alag) (JSEY) e ) 5 (JKEY) apaa (JISEY] ¢Sl sdsalida cilals
1. Introduction
We can define the object hole as “a black pixel surrounded by a connected boundary region”,
this definition is mentioned for each pixel; another definition of the object holes is
“background region surrounded by a connected border of foreground pixels” [1], the other
definition is “an object has a hole whenever it contains a closed path which cannot be
transformed into a single point by a sequence of elementary deformations inside the object”
[2], one more final hole definition is “break in a surface mesh” [3].
The term “hole” has not good interpretation in case of 3D objects since in these objects the
view is changed and we need to define a new term(s), 3D objects contain cavities and
concavities, the cavity is the existence of a hollow in the object, or a bounded connected
component of the background, while the concavity is considered to be a contour with concave
shape [2]
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The image transformation and segmentation techniques cause some noise to be added inside
the object that they working on, this detected object in his current state can cause some
problems since some parts of that objects are missing due to the noise, for the correct feature
extraction phase or any future manipulation with that object; the noise should be removed [2],
and we are talking about the noise within the object which is more difficult to handle than
outside.

Furthermore, for object fitting and building the best model that describes the object
distribution, we need to scan or formulate the model from a completed object, any missing in
these data will cause a false or incorrect fitting that will affect the simulation process,
however, for a correct parameter estimations and fitting process, a correct filling algorithm
should be applied [4].

This step can be postponed to be a post-processing step after applying all the pre-processing
steps on object and hence, the new emerged holes from pre-processing step will be processed
as well, and also this will reduce the computational time since the operation will be applied
close to hole area rather than spending time with un-processed object [4].

In this paper, a 2D object filling model is proposed, it’s based on locating the black pixels
(background) surrounded by a connected white (foreground) region (pixels), we have applied
a binary image representation for object filling operation.

2. General System Description

The proposed filling algorithm composes of two main stages; these stages are show in Figure (1).

Deciding the Mask Size

Hole Filling Algorithm

Figure (1): Two Stages of our Suggested System.
The second stage with more detailed is shown in Figure (2), we can note that this algorithm
can handle one object in one time, we can repeat this algorithm for handling more than one
object.

Presentating
New Object

Filling the Buildingthe
Holes Roadmap

Tracing the
Winning
Roadmap

Holes
Detection

Figure (2): Hole Filling Algorithm.
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2.1 Determining Mask Size
The mask is very important to locate the pixel hole, we have applied a diamond mask shape
with certain diameter which is the distance between two opposite vertex of the diamond,
Figure (3) shows some masks with different diameters.

00000100000
00001110000
00011111000
00111111100
01111111110

00100 11111011111

01110 01111111110

11011 00111111100
00011111000

01110 00001110000

00100 00000100000

a b

a) 5x 5 mask sizes. b) 11x11 mask size.
Figure (3): Different Mask Sizes Employed by our System.

As shown in figure (3), the centre pixel of the mask is zero which means a black pixel which
means a hole pixel, whereas the surrounded pixels are foreground pixels.
However, the mask size is important in this process since it is the tool for finding the pixel
hole, we can estimate the mask size so that it covers the maximum hole region, the mask
selection is controlled by the following assumption:
Let the Hij represents the hole j of object i, which means the input image may has a collection
of objects each with many holes, let d represent the diameter of the mask, then

d> length (H;) (1)
where length(w) is the maximum distance between each opposite hole region, in other words,
the mask should cover the hole completely.
After deciding the mask size, the processing speed will be enhanced as the mask size goes
down, we can make the mask size big enough to cover whole the input object but this will
slow the algorithm down, so, a careful estimation of the mask size will enhance and speed up
the processing time.

3. System Implementation
The following sections describe the detailed implementation of the proposed system,
according to the cycle of Figure (2).

3.1 Presenting New Input
In this stage a new input is presented to the system, the input take the form of an image with
single object or multiple objects, however, the system performs pixel wide operations and the
number of objects in the input image has no impact, this input is converted to binary image
for discriminating between the foreground pixels and background pixels.
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3.2 Building the Roadmap
The system iterates for each pixels in the input object and seeking for a hole pixel which is the
background pixel, while foreground pixels are ignored.
In order to understand the roadmap, we will consider the following objects in Figure (4).
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a b
a) closed object, b) opened object
Figure (4): two objects will be considered as an example.

Both of the latter objects are convolved with the mask of size 11x11 that mentioned in Figure
(3b), the resulting will be in Figure (5) which is called the masked window.

000000000O00O00O0 00000000000
000000000O00O00O0 0000000O0O0O0O
00011111000 00011111000
00010001000 00010001000
00010001000 00000001000
00010001000 00010001000
00011111000 00011111000
000000000O00O00O0 0000000O0O00O0O
00000000D0O00O00O0 0000000O0O0O0O
000000000O0O0 0000000O0O00O0O
00000000000 0000000O0O0O0O
a b

a) convolution of figure(4a) and figure (3b)
b) convolution of figure(4b) and figure (3b)
Figure (5): convolution operation applied between object window and
11x11 mask.
We can notice that the resulting convolved window is 11x11 since the mask size is. After that
convolution operation, we have to look to see if there is any way out starting from the middle
of the masked window to the border, there are many possibilities and combinations of such
path, in either meaning, we try to find a border that surrounding the centre background pixel,
the pixel to be considered as a hole pixel if such border exists. Figure (6) shows different
samples of sub-masked windows which is very difficult to trace.

1 1000000O00O0 011111111
1111111171 010000UO0OO0OT1
011000T1O00O0 010111101
010111110 0101101°O0°T1
0001x00T1PO0 0101 x0T1TH0ODO
011111010 01000O0T1T1T1
01 010O0O0T1]1 011111100
01 0001O0O0T1 01000O0O0O0OO0
001111111 011111111
a b

a) hole pixel, b) non hole pixel
Figure 6: two different sub-masked window.
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As shown in figure(6), two sub-masked windows are presented, Figure (6a) shows that this
background pixel is a hole pixel whereas Figure (6b) shows not.
Now, to find such connected border around the centre window background pixel, we
expanded the above masked window into an equal length of tracing paths, each path
represents a full diamond, so, we will have r tracing paths where r represents the vertical
radius of the diamond (vertical and horizontal are the same).
There is a problem facing this expansion which is; the number of pixels in each tracing path is
different since it produced from different size diamond, equation (2) shows the size for each
diamond in the mask, considering the diamond diameter is d and radius is r.

NOP=DN * 4 ()
Where NOP =number of pixels, and DN=diamond number, the diamonds are start numbering
from the centre of the mask, the following example shows the 5x5 mask with their diamonds

and the tracing paths.

Consider we have 9x9 mask which is shown in figure (7) :
000050000
000S5LS5O000

005 KgMS500
05 Hf4hNS S5O
5Ge3 x1aAS>S
05 Fd2bBS5O
005 EcC>500
000S5DS50O00
000050000

Figure 7: 9x9 coded mask.
We have coded the diamond with letters so the expansion will be more digested. In order to
make the length of the tracing path for each one equal, we have to repeat some points, these
repeated points is the vertices of the diamond. This repetition is controlled by the following
equation:
RP=rgiobal -Tiocal ~ (3)
Where RP is the number of repeated points, rgopatis the radius of the bigger diamond (mask),
and Tjcqr 18 the radius of that diamond, in this equation we have controlled the number of
repeated pixels in order to formulate a unique length tracing paths, Table (1) shows the
tracing paths of figure (7).
Table (1): Tracing Paths that corresponds to figure (7).

diamond
r=1 121212233 3[3[44(4]4|1]1]1
diamond
=2 alblclc|c|d|e|e|e|f|]g|lg|lgl/h|ala
diamond
=3 alb|c|d|d|e|f|g|lg|h|lk|]l|]l|m|n|a
diamond
=4 S|S5[5]5]5]5]5[5]5]5[5[|5]5]|5]5]5
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What we have done is, starting with vertex 1 of the inner diamond and places it in the path,
then we are repeating the next point as equation (3), the shaded cells represent the repeated
codes. As seen in latter figure, all the tracing paths are equally length which enable us to
proceed to the next level for hole pixel discovering.

3.3 Tracing the Winning Roadmap
In this level we are trying to trace the road paths (maps) that are produced for each pixel, the
key point is to find a full paths starting from the beginning and reaching to the end of path.
Consider a path P={wy, wy, ...., wi}, where t is the roadmap length, and consider RMyy is the
roadmap for a given background pixel bky y, then this pixel is said to be a hole pixel hy , the
following equation (5) holds:

P=Tracing (r, t, RMyy) 4)
I( hole pixel if length(P) =t

pixel status = 4 %)
L background pixel otherwise

Where Tracing(r, t, P, RM) is our tracing algorithm.
For better understanding, we can put this in two cases, each road path in Table(1) represents a
full diamond, furthermore, if this path are connected without any black pixel; this means the
diamond is closing the centre pixel which, in turns, leads to hole pixel declaration, since it is
surrounded by a connected region, this is the first case, the other and the most encountered
case, like Figure (5a), there is no connected diamond but these is an connected region formed
by multiple diamonds, our aim is to verify the first case which is faster, it not, we continue
with second case which finds the hole pixels if such exist.
Table (2) shows the paths expansion corresponding to Figure (4a) which has a connected
region around (3, 3).

Table (2): Tracing the Paths for Figure (4a).

olofolofolol1[1]1]1]1]olofolololo]olo]o
o (00t frfrfofofofolifififififofofofo] .
st o l1lolololtlolololololt]ololol1]ol1]1]™
point point
ol1[1lolololololololololololololo]1]1]0
olol1lolololololololololololololo]ol1]0

As we have seen above, this point is considered to be a hole pixel since we traced a connected
path from start point to end point, on the contrary, Figure(4b) should declare no hole point
since there is a crack in the structure, Table (3) shows the trace.

Table (3): Tracing the Paths for Figure (4b).

ololofololof[ololofololoJololololofolo]o
o oo tfillafafolofofoluftf[1f[t]i]olofo]o] .
st ol lolololtlololololol1]ololol1lol1]1]™
point point
ol1l1]olololololo]ololo]ololofolol[1]1]0
olol1]olololololo]lololo]lolololololo]1]0
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The trace stops since there is no more connection, and furthermore, you can notice that there
are a gap in the middle of tracing paths, this gap of zeroes is caused since the structure is
opened.
Tracing Algorithm
Input: r represents mask radius, t represents total number of points in bigger diamond
(roadmap length)
StatusMap is a matrix with size r x t contains the on, off pixels of the road paths
Output: background pixel or hole pixel.
Method:
Step 1: [initialization]
initialize k[i] for all i=0, .., r-1 with true values, k represents the tracing status vector
at each step.
StepCounter=0;
Step 2: [repeat]
Repeat to step (7) while StepCounter<t
Step 3: [repeat for the current step]
For each i where i=0, 1,..., r-1 do up to step (7) the following:
CurrentStatus=StatusMap(i, StepCounter)
Step 4: [update the upper pixels in the current step]
If CurrentStatus is on and k[i] is on then update all k[j] for all j<i with the following:
k[j]=k[j] ANDing StatusMap ( j, StepCounter )
Step 5: [update the lower pixel in the current step]
Update k[j] where j=i+1 with the following:
k[j]=k[j] ANDing StatusMap ( j, StepCounter )
Step 6: [update the current status of tracing status vector]
k[1]=CurrentStatus ANDing k{[i]
Step 7: [gap checking checking]
If all k[j] for j=0, 1,.., r-1 are off, then declare that this is an background pixel, stop.
Else go back to step (3).
Step 8: Declare that this is a hole pixel, stop.

4. The Experimental Results

We have tested our suggested algorithm with different test images, some of them with objects
and other with text images and the results was as expected, the following Figure (8) shows
some of these tested images.
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abecdefaohl
ABCDEFG
LETTERS

abcdefzghli
ABCBEFG
TESTING
LETTERS

testing letters testim= fetters

c d

(aand c) are input images, (b and d) are output images
Figure (8): Some Testing Images.

5. Conclusion

Hole filling algorithms are considered to be important to close the fill the noise inside the
object, especially before the feature extraction phase for an object since these noises may give
a wrong feature translation.

In this study we have introduced an algorithm for hole filling that looks and seeks for the a
background pixel lie inside a connected region, and hence, this background pixel is
announced as hole pixel.

This algorithm uses tables based road-tracking to finds out the connected region that
surrounds the hole, this connected region should belong to foreground which refers to crack
or hole inside the foreground, after that this hole is closed.
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