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Abstract—In order to improve the accuracy of the
classification and classification of the finger knuckle print, a
method based on the improved Canny operator for the edge
detection of the Finger Knuckle Print image is proposed. Firstly,
the region of interest (ROI) of the Finger Knuckle Print is
positioned. Secondly, The method optimized the edge detection of
the finger knuckle print images from two aspects: traditional
Canny algorithm filtering, gradient direction. For the poor
performance of Gauss filter used by traditional Canny algorithm
in limitation of removing gauss noise and loss of edge details,
Adaptive median filtering is used instead of Gaussian filtering
for filtering. For the problem that the Canny algorithm is easy to
detect the false edge, the edge was refined by adding the
direction gradient template in the process of calculating the
gradient direction of the image. Finally, information entropy is
used to illustrate the effectiveness of the algorithm. Compared
with traditional operators, this method has better stability and
robustness.
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l. INTRODUCTION

Image segmentation is an important part of image feature
extraction, and it is one of the hotspots and difficulties in the
field of biometrics. Image segmentation is a process of
extracting regions of interest from an image[1,2]. Common
segmentation methods are: edge, threshold, region, specific
theory, and so on. Traditional edge detection algorithms have
inadequacies in application: Sobel edge detection algorithms
positioning is not accurate; Robert algorithms positioning is
more accurate, but sensitive to noise; Prewit uses local gray
average, easy to detect false edges and causes over-
segmentation; the LOG filter has a large loss of detail on the
image and low edge precision. In this paper, the improved
Canny operator is used to detect the Finger Knuckle Print,
which can effectively avoid the problems of the above
algorithms.

Duan Hongyan used bilateral filtering instead of traditional
Gaussian filtering to control the weight parameters of bilateral
filters and used wavelet transform to reduce the low-frequency
coefficients of the image amplification high-frequency
coefficients and enhance the image details. Liu Lixia used
guided filtering instead of Gaussian filtering to maintain image
edge characteristics. Li Baolei et al. use Otsu algorithm instead
of double threshold algorithm to choose threshold
independently to reduce noise.the finger knuckle print has the

advantages of convenient collection, clear texture information
and easy extraction, It has a good application prospect. Some
researchers have studied the ROI segmentation and obtained
some research results. In this paper, the image ROI (Region Of
Interest region) is extracted, and the image is edge-extracted by
the improved Canny operator. The method in this paper can
achieve the extraction of effective regions to reduce
redundancy, and has better edge retention effect, which has
certain practical value.

Il.  POSITIONING FINGER KNUCKLE PRINT AREA

In the process of image processing of the Finger Knuckle
Print, only the part with the richest texture information is
processed, which is called the ROI of the region of interest,
and the other parts are not considered. In this paper, the finger
contour is used to realize the ROl segmentation of the Finger
Knuckle Print image.

For the extraction of the finger contour, we use a 3x3
—1 o a1
—2 o 2

matrix[1 o J for detecting the edge of the finger.

The position of the finger in the ingested picture is fixed.
The width of the effective area can be determined according to
the maximum coordinate and the minimum coordinate in the
extracted contour of the image. The length of the effective area
is confirmed and the rectangular area can be determined by the
width and the length. This area is (ROI). Because different
people's finger thickness is different, we need to determine a
standardized ROI area, using bilinear interpolation for size
normalization, for the standard effective area size settingoex64,
as shown in Figure I.

FIGURE I. ORIGINAL AND RESULT MAP

I1l.  IMPROVED CANNY EDGE DETECTION SEGMENTATION
ALGORITHM

A. The Flow of Traditional Canny Algorithm

The basic flow of the Canny edge detection algorithm is
shown in Figure 11.[6,7,8] Firstly, Gaussian filtering is
performed on the input image, then the first-order differential
calculation is performed on the image to perform edge
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detection on the image. Next, different gradient templates are
used for non-maximum suppression. However, the first-order
differential calculation method only considers horizontal and
vertical, The direction causes the image information to be
incomplete. The final step is to perform edge connection based
on the image processed by the high and low thresholds, and
then perform edge detection by suppressing the isolated weak
edges.
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FIGURE II. CANNY EDGE DETECTION ALGORITHM PROCESSING
FLOW

B. Canny Algorithm Improvement

a) Gaussian filtering blurs the texture information while
smoothing the the Finger Knuckle Print image. In order to
segment the image more accurately, this paper chooses
adaptive median filtering instead of Gaussian filter, which can
effectively protect the details of the knuckle pattern. And
dynamically change the window size of the median filter to
take into account the effects of noise removal and detail
protection. Pre-defined symbols and Specific steps are as
follows.

¥ the active area of the filter;

z

min ;Y Minimum gray value;

max . X Maximum gray value;

z

med : X The median of all gray values;

ZXV: Indicates the gray value of the original image;

S

max . ~XY The maximum window size allowed;

Traditional adaptive median filtering is divided into two
phases, A and B:
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A Al = Zmed -Z A2= Zmed _Zmax (1)

IfAI>0 3nd A2<0 jump to B, otherwise increase the

. . . .. <S§ .
window size. If the increased size is max then A is repeated.

Otherwise, output Z meg directly.

B:B1=Z7,-7,.B2=2,-Z,., 2

If Bl>0and B2 <0, then the output is Z,,, otherwise the

outputis Z .

Compared with Gaussian filtering, the adaptive median
filter could highlights the texture information of the knuckles
while smoothing the image for the next step.

b) The traditional Canny algorithm calculates the
magnitude and direction using a (2 x 2 ) template.

G=,G; +G, (€)
0 = arctan(G /G y) “)

The traditional Canny operator is sensitive to noise and
cannot detect edges very efficiently. so, the detection algorithm
adds two directions of 45 degrees and 135 degrees on the basis
of horizontal and vertical directions to calculate the first-order
partial guide. The formula for calculating the gradient value is
as follows:

Horizontal gradient

G,(x,y)=f(x+Ly)- f(x-Ly) (5)
Vertical gradient
Gy(xay)z f(X7y+1)_f(Xay_1) (6)

45 degree gradient
Gis(X,y)=f(x-Ly+D)-f(x+Ly-1) (O

135 degree gradient
Gs(Xy)=f(x+Ly+)-f(x-Ly-1) (8

The current pixel gradation is worth the formula (9) (10)
corresponding to the gradient magnitude G(i,j)and the gradient

angle o(x.Y)

G(X,Y) = y/GX(X,¥)? +GY(X,¥)> +Gys (X, ¥)* +Gys (%, 1)* (9)
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a(x,y) = arctan(%) (10)

The pixel gradient is calculated by 8 directions, which
makes the image positioning more accurate, and also greatly
reduces the false detection rate and the missing edge.

¢) Non-maximum value suppression is a very important
technique for edge processing. When the image is subjected to
gradient calculation, the image is very blurred. In order to
obtain standard edge information, the local maximum value
can be realized by non-maximum value suppression. All
gradient values outside the suppression are zero. The algorithm
principle is to compare the current pixel value with the pixels
in other different directions. If the current pixel value is greater
than other, the pixel will remain, otherwise the pixel will be

suppressed.
To increase accuracy, linear interpolation is used to

compare pixel gradients between two adjacent pixels across the
gradient direction. Specifically, as shown in Figure III.

pl

p2

FIGURE III. THE SEGMENTATION OF THE GRADIENT DIRECTION

The gradient direction of the pixel P is @, and the gradient
linear interpolation of the pixel P1 and P2 is:

tan(0) = % (11)

G,, =(1—-tan(0)) xW +tan(0)x SW  (12)

d) In order to realize that the remaining pixels represent the
actual edge more accurately, the image is subjected to double
threshold detection. Since some color and noise changes cause
some edge pixels, the enhancement of edge pixels with weak
gradient values can reduce unnecessary interference and
preserve the edge pixel values of high gradient values. A
strong edge pixel if the edge pixel gradient value is greater
than the high threshold, a weak edge pixel if the gradient value
is between the high and low thresholds, suppressing the pixel if
the pixel gradient value is less than the low threshold.

e) This step needs to suppress isolated low threshold points.
For weak edge pixels, the main cause of these pixels is caused
by changes in color and noise when extracting edges from
images. In order to make the result more accurate, the weak
edge should be suppressed. The weak edge caused by the real
edge is connected to the strong edge pixel. In order to track the
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edge connection, by finding weak edge pixels and 8
neighborhood pixels, weak edge pixels can be retained if
strong edge pixels are found, otherwise they will be removed.

IV. EXPERIMENTAL RESULTS AND ANALYSIS

The experimental environment of this paper is: CPU is
AMD Athlon processor, memory is 2.75G operating system is
Window, and the programming environment used is
MATLAB2016A.

In order to prove the validity of the paper, two images are
selected for experiment and compared with other edge
detection operators and the segmentation results of traditional
edge detection canny operators. As shown in Fig. IV, it can be
found that the segmentation effect of the improved algorithm is
more ideal than the traditional algorithm.

(a)Original image  (b)improve algorithm

Soble Roberts Prewitt

Zerocross

(c)Traditional algorithm

FIGURE IV. COMPARISON OF RESULTS BETWEEN TRADITIONAL
AND IMPROVED ALGORITHMS

In the process of image processing, it is necessary to
discriminate the sharpness of an image and the pros and cons
of the image segmentation result, thus leading to the concept of
information entropy. Most of the time, it is used as a
quantitative standard for evaluating images. So this paper
quotes the concept of information entropy to illustrate the

effectiveness of the improved algorithm, as shown in Table 1.

TABLE I. COMPARISON OF INFORMATION ENTROPY

algorithm o Impro
Trgc:grc:;al Log Prewitt Sobel Rols)ert ve
Canny
Informatio
n entropy 0.368 0.103 0.235 0.228 0.173 | 0.6329

In this paper, 50 images are selected to compare with the
improved Canny operator and the traditional Canny operator.
The results are shown in Fig. V.
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(a)Traditional Canny information entropy
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(b)Improve Canny Information Entropy

FIGURE V. COMPARISON OF INFORMATION ENTROPY TEST
RESULTS

V. CONCLUSION

In this paper, an edge detection method for the Finger
Knuckle Print image based on the improved traditional Canny
operator is proposed for the edge detection problem of the
Finger Knuckle Print image. This method improves the two
aspects of the traditional Canny operator: (1) using adaptive
median filtering instead of Gaussian filtering to smooth the
image; (2) adding two in the process of calculating the gradient
direction by the traditional Canny operator The gradient
template of the direction; the method not only optimizes the
denoising performance, but also ensures the accuracy of the
edge connection, so that the edge detection of the knuckle
image is better. Of course, the algorithm in this paper
occasionally has a poor edge segmentation connection in the
image edge detection process with partial background, which
will be further improved in the subsequent research.
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