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Abstract: This paper improves Gradient Adjusted Predictor (GAP) and Gradient Edge Detection (GED)
predictor in lossless image encoding, brings forward a new image edge detection algorithm with dynamic
threshold control based on Multidirectional Gradient Edge Detection Predictor (MGEDP) template. The image
is divided into four equal parts from the center, and these parts could be executed simultancously by MGEDP
template in different direction of four opposite ways to calculate the error values by the parallel technology.
From these feedback values, the algorithm creates forecast error image, calculates the threshold values by Otsu
algorithm, classifies the edges of error image, refines the edges, and composes the last edge image. The
experimental results show that the algorithm using parallel technology not only decreases the time complexity,
but also gets the clearer edges with more details, and better visual image. Copyright © 2013 IFSA.
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detection predictor (MGEDP), Parallel technology.

1. Introduction

Edge detection is the main feature extraction
method of image analysis and pattern recognition.
How to make the detective edges clear and complete
has always been a research hot point. Existing edge
detection algorithms have the main traditional edge
detection operator methods [1], such as Roberts
operator, Sobel operator, Prewitt operator, Canny
operator, etc. The continuity and integrity extracted
by Canny operator is superior to other operators, but
the calculation load of Canny edge detection
algorithm is relatively large, the edge detail also can't
display completely. In recent years there appears
many new edge detection algorithms, such as based
on the wavelet transform [2], multi-scale [3], curved
surface fitting [4], morphological method [2, 5].
These algorithms in edge detection effect are really
better than traditional operator methods, but the
mathematical model is complex, the algorithm time
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complexity and space complexity are large, there still
exists certain shortcomings.

Yu et al [6] brings forward a kind of new
adaptive predictor (Gradient Adjusted Predictor,
GAP) based on gradient. It uses GAP templates to
get the forecast error image, and then classify the
error image via fixed threshold to obtain edge image.
Algorithm introduces the compression coding
technology into edge detection, and initially obtains
the good effect in the experiment, but to different
images using a single fixed direction (top or left) and
a fixed threshold, some image edge detection effects
are not ideal.

In this paper, the gradient edge detection
(Gradient Edge Detection, GED) predictor template
proposed by Avramovic ef al. [8] is introduced in the
edge detection; experiments are designed and a good
edge effect is obtained. Considering the shortcoming
of applying GAP in literature [6], when the template
is insufficient, a multidirectional template is bring
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forward, that is MGEDP template, which adopts the
parallel technology with multidirectional forecast of
pixel values at the same time; while classifying the
error image edge, the method of maximum between-
cluster variance (Otsu) of dynamic threshold is used
to deal with the edge pixels. Experiments show
comparing with the literature [6] algorithm, in this
paper, the algorithm of image edge is clear and
complete, and the running time is greatly reduced.

2. The Traditional GAP Template

GAP template is embedded in lossless coding
CALIC [7] algorithm. (I, J) is set as the original pixel
gray value, the seven reference pixels in adjacent
areas are respectively WW, W,..., NNE (in Fig. 1
grey area), its layout and the coordinate’s position
are located as shown in Fig. 1.

North

NN |NNE| ;-2

N g |-
Weat NW | N | NE |

=2 -l i i+l

Fig. 1. GAP forecast template.

Vertical gradient and horizontal gradient are
defined in expression (1).

{dh=|W—WW|+|N—NW+|N—NE| O

dv=|W —NW |+|N~NN|+| NE - NNE |

In the expression, dh and dv do the deviation to
judge the amplitude size and direction of image
edges; If (i, J) represents the original image grey
value, according to some experience threshold value
to judge the appearance of the horizontal or vertical
edges, finally according to the change degree of
horizontal or vertical edges to appropriately select
the weights of adjacent pixels to calculate the
predicted value, and the final forecast error image

is EG, /)= 1-1"].
3. MGEDP Template
3.1. GED Template

GED is proposed by Avramovic et al. [8] which
combines the advantages both simplicity of Median
Edge Detector (MED) and the effectiveness of GAP,

as shown in Fig.2, GED template uses five
parameters in the adjacent area of pixels to determine
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local gradient direction and predict the current pixel
values. The five reference pixels in Z(7,j) pixel

adjacent area are: horizontal direction A and D;
vertical direction B and E; diagonal direction C.

Fig. 2. GED forecast template.

3.2. Novel MGEDP Templates

In traditional predictor template, while computing
forecast pixel values, the left column and the above
row of current pixels are mainly taken into account,
but in the image each region characteristics is
changeable, forecast only in a single fixed direction
is obviously impossible to obtain accurate predicting
pixel values. Thus this paper improves GAP and
GED templates and proposes a MGEDP template.

In generally, the image center position can reflect
all kinds of information of the object prospect,
therefore MGEDP template starts from the image
center, divides the image into four equal areas, when
calculating the predicted pixel, the following two
conditions should be considered:

1) In the central area (in Fig. 3 grid part) while
the pixels estimating forecast value, what the main
considered are center pixels and 5 parameters in
adjacent other three regions;

2) While the pixels in four divisory areas
estimating forecast values, five parameters pixels in
each area are mainly considered.

How to choose their own reference pixels along
forecast direction, the major principles are:

1) the center public area is preferred than other
parts of areas;

2) in the respective area estimating forecast
values, its own regional characteristics and gradient
direction are mainly considered.

Five reference pixels layouts in the MGEDP
template with four directions are shown in Fig. 3. In
Fig. 4(a) B-R (Below-Right) represents the
distribution of five parameters (A, B, C, D, E)
selected below and above the pixels, when
calculating the forecast values of pixels,
Fig. 4 (b)-(d) respectively shows the five forecast
parameters and their distribution selected in the
"Below-Left", "Top-Right", and "Top-Left " pixels.

In the four directions, according the MGEDP
template, vertical gradient and horizontal gradient
computational expressions are as following:

(@)

dh=|D-A|+|C-B|
dv=C—A|+|E-B|
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Fig. 3. MGEDP template.

Calculating 1'(i, j) predication pixels can be
obtained from the following algorithm:

IF(dv—dh>80)]'= 4
ELSE IF(dv—dh<-80)'=B 3)
ELSE I'=[XA+B)/2]+(C+D+E)/12

At this moment, the forecast error value is

EG, ) =[1-1"].

4. The Image Edges which are Classified
Based on Maximum Variance
Threshold

4.1. The Selection of Automatic Threshold
Based on the Maximum Between-cluster
Variance Method

The between-cluster variance method is also
called Otsu algorithm, which is put forward by
Japanese Otsu based on the multiplication principle

in 1979. Its algorithm idea is: E (i i ) is taken as the
grey value of image, the grayscale is L, the value of
E(L J) is [0, L—1]; the grey value r is the separated
threshold value between foreground and background,
that is, the target G, € {E(i, j) < T} and background

G, e{E(,j)>T}, B(r,)=(n,/n) is the rate of
pixels number of grayscale r, and image pixels
(¢=0,1,..,L-1), @, is the proportion of target

pixels, M, is the grayscale mean value of target pixel,
2. . . .

50 is the inter-class variance of target, @), is the

rate of background pixels, 4 is the grayscale mean

. 2. . .
of background pixels, 51 is the inter-class variance

of background, 4 is the grayscale mean of entire

. 2. .
image, 0, is the between-cluster variance. All
values are defined as follows:

T-1
o, = p, (1) )
q=0
L-1
a)lzzpq(rq)zl_a)o Q)
q=T
T-1
Hy=.qp,(r,)) ] &, (©6)
q=0
L-1
=Y qp,(r,) o (7)
q=T
L-1
u =2 qp,(r,) (8)
q=0
-1
0-02 =Z(q—,u0)2pq(rq)/a)o 9
q=0
5 L-1 s
o’=> (qg—m) p,(r)/ o (10)
q=T

o’ =a,(ty— 1) +o (- p)’ (11

When T makes o value maximum, T is the best
segmentation threshold, then the error images
E(i, j) are classified. If value E(i, ) is greater

than 7, then that point is the edge point, “0” is used
to do marking; otherwise this point is not the edge
point, using “1” to do marking.

To illustrate the procedure of forecast and
threshold processing, Fig.4 shows the predictive
entire process of grey value changing in the sample
to cut out an image with 4x4 neighborhood field.

Fig.4 (a) is the original gray image pixels;
Fig.4(b) is the forecast image pixels value
through (2)-(5) through application of MGEDP
template; Fig. 4 (c) is the error image obtained by the
original and the forecast images; Fig. 4 (d) is the
image edge through the classification of the best
threshold in expressions (4)-(11), the best threshold
value is set T=12.

4.2. Refine Edges

The image edge from Section 3.1 is still the wide
edge of multi-pixels, but the image edge should be
the fine and smooth edge consisting of single pixels,
thus the wide edges must be refined, and processing
can use the following refinement methods: horizontal
scan, vertical scan, “logic and operator” to combine
the image.
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(c) Forecast errors (b) Edge image

Fig. 4. The examples of forecast process.

Fig. 6 is an example with a specific thining edge.
At first, in Fig. 5 (a) the original multi-pixels wide
edge image is horizontally scanned: the direction is
from left to right and from top to bottom, if there is
discontinuous pixel values in the scanning process,
that is, which appears the changes from 0 to 1, or
from 1 to 0, at this time value 0 is tagged to black
by 0; otherwise do not do any tag, the default
value is 1. In vertical direction similar method is
used. Fig. 5 (b)-(c) are respective the results of
horizontally and vertically scanning after refining.
Finally the corresponding position adopts simple
synthetic with logic "and" operator to get the refined
edge image, which is shown in Fig. 5 (d).

0 1 0 1 0 1 0 1
0 1 1 1 0 1 1 1
1 0 1 1 1 (1] 1 1
0 0 0 1 1 1 0 1

(a) Wide edge image (b) Horizontal thinning

1 1 0 1 0 1 0 1
0 1 1 1 0 1 1 1
1 0 1 1 1 0 1 1
0 1 0 1 0 1 0 1

(c) Vertical thinning (d) Combining and thinning

Fig. 5. Thining process samples.

5. The Parallel Technology
Implementation of Algorithm
in Four Directions

This algorithm has a more concerned aspect that

is the multi-thread parallel technology [11-12]. Due
to the large multi-thread concurrent characteristics, a
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branch predictor based on values can combine with
the instructor strategy based on thread-boost speed,
in four directions MGEDP template adopts parallel
technology to realize the forecast error, and dynamic
threshold classifies the image edges and thins the
edges, at last combining to form a complete edge
image. Adopting parallel technology -effectively
reduce the complexity of the algorithm, the speed is
about 4 times of the traditional GAP algorithm.

6. The Experimental Results and Analysis

In order to verify the effectiveness of the
algorithm, the experiment uses traditional operator
method [1] (Roberts operator, Sobel operator, Prewitt
operator and Canny operator), [6] algorithm and the
algorithm in this paper conducts the comparison test
to various types of images with different sizes. In
order to presents the pages more conveniently, in the
test library, 128x128 gray images of House and Lena
are selected. The experimental results are shown in
Fig. 6-7.

(a) Original image

Y

(e) Canny operator

(f) Literature[6] algorithm

(g) This algorithm

Fig. 6. All kinds of test algorithm results in House images.

In Fig. 6, the loss of edge is severe which is
extracted by Roberts operator in traditional operator
method, the edge location is not accurate; Sobel
operator and Prewitt operator is more accurate, but
many details of image are not shown; the integrity
and continuity of image edge extracted by Canny
operator method is good, the effect is better than
above other operators, but Canny operator method
can show the overall shape of the object, that target
detail is not so good, such as in Fig. 7, the feathers on
Lena hat are almost not detected.
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(c) Literature (6) algorithm

(d) This algorithm

Fig. 7. Various algorithm detection effect in Lena diagram.

Comparing with the edge detection effect of [6]
in Fig. 6 and Fig. 7, the details are richer, but also
produce a lot of pseudo edges; the whole image noise
is larger. Look closely at Fig. 6 (c), the pillars
detection in the background also appears intermittent.
There are two possible reasons to cause this kind of
phenomenon:

1) While detecting the whole image, only a single
direction GAP template is used from top to bottom
and from left to right, while estimating the broadcast
value, the whole image is reproduced by mistaken;

2) Using fixed threshold when the threshold value
is selected, it doesn’t automatically change the
threshold according to the image.

This  algorithm  overcomes the  above
shortcomings, Fig. 6 (g) and Fig. 7 (d) show the
pseudo edges around the image edge are less,
positioning is precise, noise is less, and the image
edges obtained are ideal.

7. Conclusions

This algorithm improves the traditional GAP and
GED template, from the image center to spread
around, in the opposite direction, which is
respectively divided into four parallel technology
application MGEDP templates. The main features of
MGEDP forecast template are multidirectional with
adaptive context, because the associated pixels in the
image are not in just a single fixed direction, when
the gradient forecast parameters are considered,

selecting center rather than the corner pixels can
avoid incorrect reproduction by forecast along the
fixed direction; the application of parallel technology
reduces the time complexity of algorithm, greatly
improves the speed of algorithm. Through the
comparative experiments, the detected image edge
via this algorithm in this paper is clear with rich
details to achieve the desired effect.
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