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Abstract—This paper presented two new efficient algorithmsSplitting methods work by first drawing a line froome
for contour approximation. The proposed algorittencompared point on the boundary to another. Then, we comple
with Ramer (good quality), Triangle (faster) an&dezoid (fastest) perpendicular distance from each point along thgnsat to
in this work; which are briefly described. Cartesi@-ordinates of tng |ine. If this exceeds some threshold, we btbeaKine at
an input contour are processed in such a mannér fithally the point of greatest error. The idea of this ficstrve
contours is presented by a set of selected verdcte edge of the approximation is illustrated in Fig. 1

tour. In th th in id f th I d f
contour. In the paper the main idea of the analymrededures for We then repeat the process recursively for eatheofwo

contour compression is performed. For compariste, mean . 8 )
square error and signal-to-noise ratio criterione ased. NeW lines until we don't need to break any morer &o

Computational time of analyzed methods is estimdtgzending on
a number of numerical operations. Experimental ltesare
obtained both in terms of image quality, compresgiatios, and
speed. The main advantages of the analyzed algorighsmall
numbers of the arithmetic operations compared ® éRisting
algorithms.

Keywords—Polygonal approximation, Ramer,
Trapezoid methods.

|. INTRODUCTION

closed contour, we can find the two points thatféighest
apart and fit two lines between them, one for ade snd
one for the other. Then, we can apply the recursplitting
procedure to each side. First, use a single strdigé to
connect the end points. Then find the edge poirih tie
greatest distance from this straight line. Thenit siile
straight line in two straight lines that meet aistipoint.

Recursively repeat this process until the maximustadce
of any point to the poly-line falls below a certahreshold.

Triangle andpeneat this process with each of the two new lines.

Finally draw the lines between the vertices of dgeeof the
¥Bconstructed contour to obtain the polygonal axiprating
contour.

N this paper we used method known as single st

parallel contour extraction method “SSPCE” [1]. Man

polygonal approximation techniques have been prygbos
in the literature and it can be classified intcethcategories.
The first one is referred to as sequential methath @s [2].
The second one is referred to as split-and-mergeoaphes
such as in [3], [4], [5], [10], and [11]; and ttest category is
referred to as dominant point-detection approacheh as
in [6]. The common contour representation is Céate$7],
and is used in this work. Other representations siscPolar
or Freeman’s (also generalized) chain coding areallys
desirable in many applications [8]. The proposepdihms
is presented and compared with Ramer [3], Triafdjek
[10], and Trapezoid [9] & [12] methods. The analyze
algorithms is introduced to obtain less numberrghemetic
operations with good quality either. The two anatyz
algorithms belong to a family of polygonal methodf
approximation.

[ll. TRIANGLE ALGORITHM

Triangle algorithm idea [4] & [10] consists
segmentation of the contour points to get triarstiape $F,
B, and EP points) as shown in Fig. 2. The ratio between
height of the triangleh) and length of the base of the
triangle (b) is compared with the given threshold value by
the equation (1).

If the ratio value is smaller than the threshold EP of
the triangle is stored arfPis shifted to theEP, then a new
segment is drawn. Otherwise the second pBing stored
and theSP s shifted to theB point of the triangle. Then a
new segment is drawn. The stored points determiiee t
vertices of an edge of the approximating polygon.

in

h/b<th

whereth is given threshold value.

@
Il. RAMER ALGORITHM

Contour is represented as a polygon when it fiesettige
points with a sequence of line segments. Theresaveral
algorithms available for determining the number and
location of the vertices and also to compute thiygomal
approximation of a contour. The well known is Ramer
method which is based on the polygonal approximatio
scheme [3]. The simplest approach for the polygonal
approximation is a recursive process (Splittinghods).
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Fig. 1. Curve approximation by Ramer algorithm
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- i=1; VA=[1];
B S SP=CC(.,i); B; C;

EP=CC(:,i+3*);
SP
b
EP
VA=[VA C EPJ;
Fig. 2. C imation by Triangle algorith VA=[VA B C EPJ; SP=EP;
19 urve approximation by Iriangle algorithm SPZEP: =i+ i=i+3*f;
IV. TRAPEZOIDALGORITHM T
The idea of this algorithm consists in segmentatibthe
contour points to get trapezoid shapes (pointS®fB, C,
andEP) [9] & [12]. The first and last points of each segnt
are called starting pointSP and ending point EP) END
respectively. The fit criterion is the ratio betwedistance
betweernB andC points BC), and the distance betwedd Fig. 4. Flowchart of the Trapezoid method
andEP points (ICEP), as illustrated in Fig. 3, and is defined
by equation (2). The flowchart showing the idea of V. FIRST PROPOSEDALGORITHM
Trapezoid method is shown in Fig. 4; whata, CC, L, The idea of this method consists in segmentatiothef

andf are sequence of indices of the final vertices, saga contour points into segments. The first and lashgsoof
of the contour input, the input contour length, anel length €ach segment are called starting po8#(and ending point

between each two points of the trapezoid respégtive (EP) respectively. _ _
The fit criterion of the analyzed method is to catipg

the perpendicular distance from each point along th

(dBC/dCEP) <th (2) segment to the lineSP — EP) as illustrated in Fig. 5. The
maximum distance is compared with the given thréshe
dBC C value using equation (3).

B \

dpe <th ®3)
whereth is given threshold value.

Trigonometric formula is used to calculate thesees. If
d, . is smaller than the threshold, t8& and EP points of

Sp the curve segment are stored andSRés shifted to theéeP;
then a new segment is drawn. Otherwise, we brealitle
at this point which is stored as a vertex of thiygaon; and
the SPis shifted to this point and a new segment is draw
The idea of this curve approximation is illustratedrig. 5.

dCEF

EP

Fig. 3. lllustration of the basic trapezoid ideatlee Trapezoid
method.
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Fig. 5. Curve approximation by proposed method

The block diagram of the analyzed method is shawhigj.

............

""""" : Contour - -
Binary |y Extraction | | Contour
Image | | Using SSPCE [ ™| Description
Method .
Cartesian |
Contour
Signal
Contour < Apply Basic |
Compression : Ramer Idea

Fig. 6. Block diagram of the first proposed method

The flowchart showing the idea of this analyzedhodtis
shown in Fig. 7; wher¥A CC, L., f, d,, and p,,, are

sequence of indices of the final vertices, sequerfcehe
contour input, the input contour length, the lenbdiween

from the straight lineSP-ER and the point which has the
maximum distance in the segment. Only the co-otdmaf
the first and last points of the contour segmeatsaored.

i=1; VA=[1];

EP=CCC(:,i+f);

VA=[VA B C EP]; || VA-IVA C EP];
- SP=EP;
SP= Ppax ;=i izi+f;

T

END

Fig. 7. Flowchart of the first Proposed method

VI. SECONDPROPOSEDALGORITHM

The main idea of this algorithm is depends on thsid
criterion of Ramer algorithm which is based on the
maximum distance of the curve from the approxingatin
polygon, and this distance is used as the fit oite Then
the Triangle method is applied. The algorithm usely the
first curve approximation by Ramer algorithm asvipasly
shown in Fig. 1, and we did not need to breakranye.
The points which have the maximum distances aredtas
vertices of the polygonal contour. These vertigesused as
input of contour points to the Triangle method. Tileck
diagram is shown in Fig. 8.

sy [ conour || _S—
Binary |t Extraction _’ Contour
Image | | Using SSPCE | ™| Description
Method |
Cartesian L
Contour
Signal |
Contour Compression RN
Using Apply Basic
Triangle Algorithm Rz‘r)n)ér Idea

Fig. 8. Block diagram of the second proposed method

eachSP andEP points, the furthest distance of curve point
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The proposed algorithms uses chain coding schemes o

contour representations to determine all possibfeections

for both 8-connectivity and 4-connectivity schensesh as

Cartesian representation, or polar representation,

generalized [8]. @ )

We used a new method of contour extraction (SSPCE)
with 3x3 pixels window structure. By using the gahpixel
the object contours is extracted and the all ptssige Fig. 9. Test contours: a) Roses, b) Thanks
direction is found which connects the central piwéh one

. . . . TABLE |
of the remaining pixels surrounding it.

Method MSE | SNR | CR[%] NO

VI. APPLIEDMEASURES

The compression ratio of the analyzed methods ssored | 4) proposed | 693 | 3452| 96.06 82465
using the equation (4).

R=[(Lec = Lac)/Lec]1100% (4) | b) Ramer 325 | 37.81| 96.02| 353218
where L. is the input contour length, anll .. is the _
. ) c) Triangle 9.00 3341 96.06 5205
approximating polygon length.
d) Proposed II 812 | 33.84| 96.00 4249
Quality measuring of an approximation during th
approximating procedure uses mean square eviSE(and .
e) Trapezoid 11.86 | 32.19 96.01 1658

signal-to-noise ratio§NR criterions by the relations (5) and
(6) respectively [13] & [14].

MSE = (1/ LCC)DLZCC:df 5 ¥

where d. is the perpendicular distance betweenpoint on

the curve segment and straight line between eadh tw
successive vertices of that segment.

d)
SNR = -10 [log ,, (MSE /VAR) ®) éé gé

whereVARIs the variance of the input sequence.

Performed analysis and experiments show tB&R
should be greater than 32 dB to obtain the expected
compromise between compression ratio and quality of
reconstruction. In the case of high threshold levake
contour details are eliminated and level of introeth
distortion can not be accepted.

VII. RESULTS OF THEEXPERIMENTS
To visualize the experimental results a set of test
contours are selected. Selected contours are shoffig. 9. )
First contour is Roses and it consists of (4596hspwhile

the second contour is Thanks and it consists o#&RO Fig. 10. Roses contour approximations results

points. Some selected results of Roses contoustaren in TABLE Il
Fig. 10 and relatgd resglts are in Table .1; Whg@lé:lthe Method MSE| SNR | CR[%] NO
number of operations (i.e. number of arithmeticrapiens
which are performed such as addition, multiplicatio a) Proposed | 147| 3891 9438| 35381
division, etp). _Some selected results of_the Tharkstour b) Ramer 060! 43.02| 9438 158005
are shown in Fig. 11 (related results are in Table
c) Triangle 2.80| 36.09| 94.38 3205
d) Proposed I 332 3536  94.3§ 2724
e) Trapezoid 428 | 34.25 94.43 1007
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Fig. 11. Thanks contour approximations results

MSE

Fig. 12. Comparison of the analyzed method with ®&amriangle
and Trapezoid methods for MSE versus CR for thietecontours

Proposed |

----- Triangle
Trapezoid
Proposed II

—— Proposed |

~.. | == Triangle
N Trapezoid
. Proposed II

The results presented in Figs. 10 and 11 show theat ]
proposed methods have good compression abilitiesseen BT~
that the compression ratio for some type of corgaan be 1
even greater than or equal to 96%. Comparisothef M1
compression abilities of the analyzed methods amel t — 427
Ramer, Triangle and Trapezoid methods are presdnted % 407
the tested contours. '0_:' 38

Plots for Roses and Thanks contours of MSE, SNH, an Z 3%
NO versus CR are shown in Fig. 12, Fig. 13 and E#. n ]
respectively. ]

The plots show that SNR using both analyzed algorst o]
is less than Ramer and better than Triangle ang@ebad "
methods by about 2 decibel for higher compressibn o 0
contours. But the number of the operations usingnéta
method is much higher than in the analyzed metHods
many different shapes of contours.
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Fig. 13. Comparison of the analyzed method with Bafriangle

and Trapezoid methods for SNR versus CR for thedesontours
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determined. The threshold is the maximum numbeodrits

450000 between each two points in the segment shape wuih t
N o= conservation of the accepted level of the reconstm
S o] TTme—n ~——— quality. The proposed algorithm also has a low dewity
=S — Proposed| e compared to Ramer method. This study concludesthizat
@ 20007 | - Rarrer methods proposed gives higher compression for cosito
D 20007 | - Tiange  |ROses with some small significant losses of contour appration
O 2000+ Trapezoid quality.
B 1000, Proposed I
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