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Line-Segment Feature Analysis Algorithm for
Handwritten-Digits Data Reduction

Chang-Min Kim' - Woo-Beom Lee'

ABSTRACT

As the layers of artificial neural network deepens, and the dimension of data used as an input increases, there is a problem of high
arithmetic operation requiring a lot of arithmetic operation at a high speed in the learning and recognition of the neural network (NN).
Thus, this study proposes a data dimensionality reduction method to reduce the dimension of the input data in the NN. The proposed
Line-segment Feature Analysis (LFA) algorithm applies a gradient-based edge detection algorithm using median filters to analyze the
line-segment features of the objects existing in an image. Concerning the extracted edge image, the eigenvalues corresponding to eight
kinds of line-segment are calculated, using 3x3 or 5x5-sized detection filters consisting of the coefficient values, including [0, 1, 2,
4, 8, 16, 32, 64, and 128]. Two one-dimensional 256-sized data are produced, accumulating the same response values from the eigenvalue
calculated with each detection filter, and the two data elements are added up. Two LFA256 data are merged to produce 512-sized LAF512
data. For the performance evaluation of the proposed LFA algorithm to reduce the data dimension for the recognition of handwritten
numbers, as a result of a comparative experiment, using the PCA technique and AlexNet model, LFA256 and LFA512 showed a recognition
performance respectively of 98.7% and 99%.
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Fig. 1. Example of Edge Detection Algorithm Results for LFA: (a) Original Image, (b) Horizontal Gradient Image,
(c) Vertical Gradient Image, (d) Gradient Image before Thresholding, (e) Edge Image after Thresholding
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Table 1. Example of Line-Segment Types in 3x3 Filter Response

Shape Type Filter Response Coefficient No.
Point 1, 2, 4, 8 16, 32, 64, 128 8
Verticality (1, 2, 4], 1, 2, 12, 4], [32, 64], - 8
Horizontality | [1, 8], [1, 8, 32], 4, 16, 128], - 8
Curve (1, 2, 8], 8, 32, 64], 208
Diagonal-line | [2, 8], [16, 64] [1, 0, 128], - 14
Side [0, 16, 64, 128], [1, 2, 4, 8, 0, 16], | 8
Non activate-area | [1, 2, 4, 8, 16, 32, 64, 128] 1
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Algorithm 1. Line-segment Feature Analysis

Input: 7 [-], B[]
Set W, H, = Width, Height of P,
Set W, H, = Width, Height of P,
Set LFA256, LFA512 = create a 256, 512 size of 1D-array
for w=0 to 1] do
for h=0 to H, do
LFA256[P, (w, h)] += 1
LFA256[P, (w, h)] += 1
for w=0 to 7 do
for h=0 to A, do
LFA512[P, (w, h)] += 1
LFA512[P, (w, h) +256] += 1
Output: LFA256, LFA512
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Fig. 3. Example of Edge Detection Algorithm Results for
MNIST: (a) Original Image, (b) Edge Image after Thresholding

Table 2. Results of Accuracy Measurement; Accuracy (acc)

Algorithm
LEA256 LFA512 PCA#1 PCA#2 AlexNet
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Fig 4. Confusion matrix of LFA algorithm; (a) LFA256, (b)LFA512

Table 3. Experiment of Loss, Learning time (LT) and
Pre-processing Time (PT)

Algorithm
LFA256 LFA512 PCA#1 PCA#2 | AlexNet
Loss | 0.0352 0.0287 0.0399 0.7533 0.0501
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Table 4. The Result Data size of Preprocessing; Train Data (TD)

Experimental group

#1 #2 #3 #4 #5
No. of TD | 18,480 | 55,440 | 92,400 | 129,359 | 166,320
Original 784 784 784 784 784

PCA 315 318 318 319 319
LFA256 256 256 256 256 256
LFA512 512 512 512 512 512
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