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Abstract

Real-time system requires not only the perfect
result but also the partial usable result which produces
in time under time restriction. Morphological method
is a tool for extracting image components that are
useful in the representation and description of region
shape, such as boundaries, and skeletons, which are
especially applied in image preprocessing. This paper
proposes a new approach to morphological method
using anytime algorithm for boundary extraction. First,
multi-structuring elements are constructed by changing
the direction. Then,morphology erosionoperation
usingmulti-structuring element is performed step by
step by using the previous result as input at current
stepaccording to the concept of anytime algorithm. We
can confirm the effectiveness of proposed method by
the experimental resultswith coarse-to-fine results and
the quality of results improves when the processing
time increases. This gives an idea to solving the time
quality trade-off problem in real-time image
processing.

1. Introduction

The processing of image/video data involves
with the operations in low, intermediate and highells
[1]. The quality of image processing is usually
evaluated by high extraction rate or low error rétis
easy and clear to evaluate single image procetzsahg
but if the system is composed of many tasks,it doul
becomes difficult to evaluate the combined processi

In order to solve the time-quality trade-off
problem in RTIP, the basic idea is by dividing thek
into the sub-tasks, and then the combination of
operations are performedby these sub-tasksstefepy s
Thus, the overall performancecan be realized under
time restriction although the quality of result nst
perfect. We already introduced how to schedule the
image processing tasks by using anytime algorithm,
and how to apply anytime algorithm in some of image
processing tasks [3]-[5]. Our main purpose is to
construct the image processing library which corabin
of anytime algorithmic image processing methods in
low, mid, and high level processing in order tovide
the partial but usable result under time restrictior
RTIP and embedded system applications.

Morphological method is a technique for the
analysis and processing of geometrical structures a
features based onset theory. It is a tool for efitrg
image components or features that are useful in the
representation and description of region shapd) asc

boundaries, skeletons, convex hull, which are
especially appliedin image preprocessing [}
Hedberg et al. proposed the binary morphology

algorithm with spatially variant structuring elenten
for the software and hardware implementations of
embedded system which requires low power
consumption and low memory requirements
[7]1.SRamli etal.proposed an algorithm that selects
appropriate structuring element of the processeyem
and makesuse morphological operator such as erosion
operation to extract useful features for classiftra[8].

In order to differentiate the image objects or

result due to the processing time overload and th‘?eatures, structuring element (SE) is used byrepttie

resource constraint such as speed of processor, a’%‘i’ze and shape according to their shape or spatial
memory requirement. Moreover, the results of image

_ ’ S orientation. h this paper, we give an idea of how to
processing vary aCCOfd'”Q to _the combmatpn of theprocess thenorphological processing based on erosion
methods and tasks. Reql-tlme_ image prO(?eSS'_r‘gmySteoperation for the boundary extraction by
(RTIP) has the constraints like processmg tlm_aj an constructingmlti-SEaccording to the concept of
hardware resources. So, the problems of time cinstr anytime algorithm.
have been involved in the processing of image

. ' ; ) This paper is organized into 5 sections. In
processing task for the systems like object traplind  ggction 2, the previous works of our research ol
image transmission systems.

basic framework and the general explanation of
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anytime algorithm are described. In section 3, the2.2. Anytime Algorithm

proposed morphological method is expressed. In

section 4, discussion about the proposed method Anytime algorithm is an algorithm, which
including experimental results, and how toevalmet Ccanimprovesthe qualityof —result gradually as
performance are described. Finally, conclusion andcomputation time increases.lt is offered a trade-of

future works are expressed in section 5. between the resource consumption and the output
quality. It is suited for the problem which has thede-

2. PreviousWorks off between the processing time and the accuracy of
result since the accuracy improves as increase of

2.1. Basic Framework computation time. In general, anytime algorithm has

the properties that satisfy the following featuj@s
A system can be composed of many tasks which(l) Measurable quality:

involves with low, mid and high level processing The quality of result can be defined exactly.
performed by many steps. In such systems, there ar®) Recognizable quality:

some restrictions like processing time and memory  The quality of an approximate result can easy to
requirement to extract the useful information e.g., determine at processing time.
extract image attribute for the classification. (3) Monotonicity:

Figure 1describes that the basic framework of  The quality of result is an increasing function of
our research work. As shown in this figure anytime time and input quality.
algorithmic low level image processing method is (4) Consistency:

constructed and it is applied in noise reduction by The quality of result is connected with

convolution and linear spatial filtering [4][5]. €h, computation time and input quality.
anytime algorithmic mid level image processing is (5) Diminishing returns.

applied in edge detection, and thinning [3]. Insthi The solution quality improves much larger than
paper, anytime algorithmic morphological processing previous stages of computation and diminishes
is proposed as a part of this research work ansd it over time.

applied to erosion operation for the boundary (6)Interruptibility: _ .
extraction. The algorithm can be stopped at anytimeand give

some answer.
(7) Preemptability:

AA Low level processing The algorithm can be stopped and started again at
(Image enhancement) anytimewith minimal overhead
! 3. Proposed Morphological M ethod
AA Mid level processing
(Extraction of image 3.1. Anytime Algorithmic M or phological
attr|$1tes Processing
AA High level processing Mathematical morphology is a useful tool
Image analysis dealing with various problems in image processing a
(Classification, Object computer vision. The basic morphological operations
recognition) i.e., erosion and dilation are usually time consugni

operations when using large size structuring elémen
(SE) e.g., 15x15, and 27x27, and the combination of
such operations i.e., opening and closing could tea
inefficient algorithms depends on the particular
application. However, mathematical morphology
flexibility can be used with the benefit to decorsp@
large structuring element into smaller ones and the
operations with a large size e.g., 9x9 SE can be
replaced by a series of operations with small Siz@

Figurel. Thebasicframework

Note: AA = Anytime Algorithmic

Then, we will propose how to apply anytime
algorithm in high level image processing task fay..e
feature extraction for the classification of obj@ttan
image and object recognition. After that we will
combine our anytime algorithmic approach in the,low
mid and high level image processing to construet th
image processing library by anytime algorithmic
approach for the real-time image processing.

Suppose that
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A = input image

B =3x3 SE

C =9x9 SE i.e., twice the size Bf
O = erosion symbol

The result of erosion of input imagé
performed byC is approximately equal to the result of
erosion of input imagé performed byB two times.In
mathematical form, it can be expressed by

(A6C)=(AB6B)6B (1)

Erosion of an imagé by SBBis a set of alk in

A such thaB is in A when origin oB =z, i.e.

A6 B={7(B)£A}2)

Conventional method
In the conventional method, Fig. 2(a) is theinput
imageAand Fig. 2(b) is the 3x3 structuring elent&id

morphological erosion by anytime algorithm
performed by usin®, to Bg step by step.

1 1 1

1 1 1

1 1 1

(a)Conventional

1 1 1 1 1 1 1

111 1 1 1 1 111 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 111 1 1 1 1

Bs Bs B;Bs
(b) Proposed

Figure 4. (a) SEB in the conventional method (b)

perform the erosion operation [2]. Figure3expresses Multi-SE B; to Bg of B in the proposed method

that the output eroded imadgsand A,which are
obtained fromthe input imagk performed byB, 1 time
i.e.,A; = (A© B)by Fig. 3(a) and 2 times i.&% = (A©
B)O B by Fig. 3(b) respectively.

Here isthe example of anytime algorithmic

erosion and its related results. Figure5(a) isninet
imageAwhich is performed by, as shown irFig.5(b)

Figure2. (@) Input image A (b) 3x3 structuring
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1
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as a first stepSo, the initial output of eroded image

= (A © By) is obtained as shown in Fig.6 (a). In the
second step, the output imageis performed byB, as
shown in Fig. 6(b). Thus, the second output eroded
image A, = A; © B, as shown in Fig. 7 (a) can be
obtained. Similarly, the output imagés = A, © Bsby
Bsas shown in Fig. 7(b) in third stepaAd = A; © B,

by Bsin fourth stepespectively can be obtainess

(@ (b)
Figure 3. Output images (a)A;and (b) A,

Proposed method
In this proposed method, anytime algorithmic

morphological method based on anytime algorithm is
performed in order to provide the partial but usabl
result under time restriction. S&n be presented in
different shapes like a line or a square, and diffe
sizes like 3x3, and 5x5nlthis method, SE in square
shape with size 3x3 is used with the origin at its
center.In order to reduce the computational timd an
memory usage, the different patterns of multi-SE ar
constructed by changing the direction as shown in
Fig.4. Figure 4(a) is the 3x3 8 the conventional
method and (b) is thedifferent patterns ofmultiiSE,

B; to Bg of B in the proposed method. Thus,
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shown in Fig. 8 and Fig. 9.
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Figure5. (a) Input image A and (b) B,
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Figure6. (a) Output imageA;and (b) B,

@ (b)
Figure7. (a) Output image Aand (b) Bs



Then, output the final eroded imadg.e. Ag
:A7 (S) Bg.

! In general, the anytime algorithmic erosion
operation can be evaluatedby

(@ (b) A=(A1)0B) (3)
Figure8. (a) Output image As; and (b) B, where i=1,2,..,8

Dilation of an imageA by SBB is a set of alzin
] A such thaBhitsA when origin oB =z, i.e.

A ®B= {Z|(B%,n Az®d} (4)
where B®=the symmetric or reflection &

Figure 9. Output image A,
Dilation and erosion are duals of each other with

Comparison of results respect to complementation:
(A ®B)° = A’OB°and @ OB)° = A®B(5)

Outout That is, dilation with the reflected SE of the
utput image i i .
(a) Conventional method complement of .a blnary image isthe complement ef th
- ey erosion. Erosion with the reflected SE of
i thecomplement of the image is the complement of the
Initial output Aﬁproximate outputs Betléromput dilation. It follows thaTA @B = (AceBﬁcandA OB =
L J
) T
e P HERe (A°®B%"i.e.dilation can be performed with erosion and

(b) Proposed method vice versa. Similarly, anytime algorithmic dilation

operation can be performedlike algorithm 1.Thus,
anytime algorithmic dilation operation can also be
evaluated by

Figure 10. Output erosion resultsby (a)
Conventional and (b) Proposed methods

Figure 10(a) and (b) shows that the comparison A = (A)®B) (6)
oferosion results, i.e., (a) the result applied byl  where i=1,2,...,8
timein the conventional method and (b) the result
applied by B; to B, in the proposed method.By Like this way, the other morphological

comparing these results, the result of proposedhadet operations such as opening i.e. erosion followed by
is better than the conventional method. In addjttbe dilation, closing i.e. dilation followed by erosiand
proposed method can be reduced the processing time.the combination of morphological operations e.gonit
miss transform, and thinning can be performed by
3.2.Algorithms using anytime algorithm.Thus, the following algbnit
2 describeshow to perform the boundary extractipn b

Algorithm 1: Anytime Algorithmic Erosion anytime algorithm as an example.

Step-1: Read input gray imadethen convert it to the Algorithm 2 Anytime Algorithmic  Boundary
binary imageA. Extraction
Step-2: Perform the erosion operation using the binary

imageAo WiFh SEB_L i.e. Ao © By then output Step-1: Input gray scale image and convert it to binary
the eroded image i.84 =A, O B;. imageA,

Step-3:Perform the erosign operatiqn again using theStep-2:Perform the erosion operation of input image by
previous output imagéy as input image by B, and store the eroded resultdpi.e. A, = A,
B,. Then, output the eroded imadgi.e. A> OB,

=A1 (S) Bz.
Step-4: Repeatstep-3using the correspondin@3sSto
Bs until the output imagégis obtained byBs.

Step-3: Perform the operationAf © By)° i.e. the
complement of\, © B;.
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Step-4: Performboundaryextraction
operatiof;(A;)=A;N(A, ©B,)".

Step-5:0utput theextracted boundatimagep;(Ay).

Step-6: Repeat step 2 to By replacing the inpt
image byA;, A, ..., Ag and SE byB,, B, ...,
Bguntil the extracted boundanimage$.(Ay)
up topg(Ag) are obtained.

Step-7: Outputthe final extracted boundarimage

Be(As)-

In generalthe result of the boundary extracti
can be evaluated by

B(A)=AN(ALOB)  (7)

where i=1,2,...,8

4. Discussion

In this section, we descris about the
experimental results, and thgerformanc curve of
erosion.

4.1. Experimental Results

Experiments are done by usithe gray scale
images with pgm format and size is256x2t The
standard images as shown in Fig.1lfor the
morphological operations are uskdm the following
link http: //mww.imagepr ocessingplace.com/root_files
V3/image databases.htm

*(@| 4w

L] (D

Figure1l. Some of thetested images

-

(a) Input image
E/\.-
(b) Eroded image applied by B2 times by
conventional method

£ sd

(c)Eroded Image Applied by B;by Proposed M ethod
Figure 12.(a) Input image and (b) and (c) arethe
results oferoded images

As shown in Fig.12(a) is the input image ar
(b) eroded image applied bySEB2 times by
conventional method and (eyoded image applied |
SEB,by proposed method.@/can see thihe result of
conventional method approximatel equal to the
result of eroded image appliby proposed method.

+

(@)

- |

(b) (9 (d)
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@
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Figure 13. (a) Input image (b) to (i) are eroded
images applied by multi-SEB; to Bg

Figure 13(a) is the input image and Fi3 (b) to
(i) are theeroded images appliedimulti-SE B; to Bg.
As shown in Fig. 13, the coa-to-fine results are
obtained and the resulb®comebettt than the previous.

*

(a) Inputand boundary extracted images
conventional method

Input image Step 1Step 2St8ptep 4

Step5 &p6 Step7 Step 8

(b) Input and boundary extracted imaby step 1
to 8 by proposed method
Figure 14. (a)Conventional method(b) Proposed
method

Figure 14 (a) showshal input and boundary
extracted images bygonventione method and Fig.
14(b) shows thatinput anc boundary extracted
imageperformed by step 1 tousingmulti-SE; to Bg
by proposed methodAs we can see that il
approximate boundary extracted result at st by B,
by proposed method is nearly equal to boundary
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extracted result by conventionmethod. These
experimental results are obtained by using
algorithm 1 with single iteration. The experimer
results show that thapproximate buicoarse-to-fine
results can be obtained at each step and the s
become better than thmrevious stejas the processing
time increases, so it is satisfied the propertié:
anytime algorithm.

Furthermore, the boundaextractiorapplied by
multi-SE, there is no need to chedll neighborhood
pixels which are surrounded to thente pixel at each
stepexcept from step 8 iBg. After scanning the entil
imageat step 1 by,the initial result can be obtned
earlier than the conventional mett.In addition, the
approximatebut  coarse-to-fine resulscould be
obtainedatanytimewith low memory requirement.As
shown in the figuresi.e. Fid.2), (13),and (14), w
know the fact that theroposed method is better th
the conventional method.

4.2. Performance

Realtime image processing has a deadline
is restricted for e.9.33 mise. 30 fp.In this proposed
method, the erosion operation is performed by amgy
algorithmic method using step by step with
different patterns of 3x3 SEs described in section
There is a linear relationship between thecessing
steps and processing time, i.aem the number of
processing steps increast® required processing tin
also increases and the quality of result imps. Thus,
the quality of result can be expressed by procgs
time and the probability of correctn and certainty.
The performance of anytie algorithmic erosic can be
evaluated theoretically from the viewpoint ¢
probability theory.Suppose dh the discrete rando
variable

X =no. of eroded points =xf

X = no. of eroded points at stepeR?
where i=1,2,...,8.
The previous result isused for the curret
calculation step,so the probabilityxefat current step is
greater than theprobability af,at previousstep. Thus,
itcan be expressed Bumulative Distribution Functio
(CDF) of X,i.e. F(x) = PX<x) by

0 :ig0
F(x) = %/%g : 04<8(8)
1 : 8<i.

Initial result Approximate resultsExact resu

Proposed methc
—————— €onventional method
Figure 15. Perfor mance curve of erosion

Figure 15shows the average performance ct
of erosion applied by algorithm 1. As shown in 1
figure, the initial result can be obtained immediat
and the quality of result becomes better when
processing time increases.

Table 1 expresseghat the running time
comparison between the conventional and prop
methods. m order to express the running time of
algorithm, it is usedbest, average, and worse ca
which express that the resource usage time and
memoryis at least, oaverage, and at marespectively.
Here,the bestcawe efficiency means th the initial
result is obtained wittat leas amount of memory at
step 1 and the average case means fthe
approximatand exact results are obtained with avel
amount of memory.Next, the average case in
performancmeans that the initial result can
obtained at availablprocessing timin every steps, the
worse case means that no result is obtaand the best
case means that the exact result is obtaatexpected
processing time respectively It shows that the
proposed method is better than the conventi
method. he time complexity of the propos
algorithmsi©(n?).

Table 1. Running time comparison between

conventional and proposed methods
Step | Conventional Proposed

method method

- best case

- average case€

- average cass
average cass

- average case€

- average cass

S o — o0 — = —m

N O O AW N|
1

- average case€
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. [3]
5. Conclusion and Future Works

This paper presents
approach to morphological
methodbased on anytime algorithm by
constructingmulti-SEfor the RTIP system. The [4]
proposed method is expressed by erosion operaiion f
the boundary extraction. The experimental resitsis
that coarse-to-fine results can be obtained at the
available processing time. The performance curve of
erosion is evaluated from the viewpoint of probiapil 5]
theory for the correctness and certaiRtynning time
comparison between the conventional and proposed
methods expressed by table with efficiency and
performance. Thus, the effectiveness of the prapose
method can be confirmed by the experimental resultd®]
with acceptable performance curve. So, it is usfful 7
the RTIP system under time constraint and the
) . L 8]
implementationofembeddedsystem application.

anytime algorithmic
image processing
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c| 8 average case average case In the future, we will extend this idea to thigh
y level image processing method
Pl 1 worse case average case e.g.image/datacompression for the image transmissio
S — WOrse case average case system andconstruct the anytime algorithmic image
r processing library. We will report about the
f 3 worse case average case combination of anytime algorithmic approach in the
ol 4 worse case average case near future.
r 5 worse case average case
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