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Abstract. When using the cursor reading technology to mark the answer card, the
cursor machine can only be used for special card, which is expensive and difficult
to popularize. A new method of answer sheet recognition based on machine vision
and image processing was proposed. Firstly, the improved curvelet algorithm was
used to preprocess the image to solve the problem of low resolution and high noise
caused by different acquisition methods. Secondly, Hough transform was used to
detect lines and correct deformation of binary image. Finally, the answer area was
segmented, and the vertical and horizontal projections were used to detect the
question and option interval, generate grid lines, mark the center of rectangle and
judge the option results. Experiments show that this method is accurate, efficient
and robust to low resolution, tilt and noise.

Keywords: Answer sheet recognition - Automatic marking -
Curvelet algorithm - Hough transform

1 Introduction

With the rapid development of computer science, cursor reading technology [1, 2] has
been widely used in large-scale examinations. It is very convenient for objective ques-
tions using the cursor reader to avoid the problem of low efficiency and easy to make
mistakes compared with manual marking. However, there are many problems that are
difficult to be solved in the process of using them: 1) the answer card must be unified,
and it is a special-purpose machine for special cards; 2) it transforms the light signal of
filling position into electrical signal. When the color is light, the effect is poor; 3) the
paper of the answer card has strict requirements in the printing process, the paper must
be smooth, thin and thick, uniform, foldable and defaced, and 2B pencil must be used.

Aiming at the problems of low efficiency of traditional marking and special card
for cursor reader, which are expensive and difficult to popularize, this paper combines
machine vision [3, 4]and digital image processing technology [5—7]to study the pre-
processing, feature extraction and recognition judgment technology. In order to make
the automatic marking system more flexible and convenient for network transmission
[8—10], it should be adaptive to the complex environment such as angle tilt, different
style, low resolution, noise and so on.
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2 Image Processing Based on Curvelet

After image acquisition, it is easy to have noise, which greatly affects the subsequent
image recognition [11-13]. In the preprocessing, the denoising algorithm can improve
the image recognition degree and facilitate the later image recognition. E. J. Candes and
D. L. Donoho first proposed the second generation Curvelet transform theory based on
frequency domain [14—18], which has high approximation accuracy and sparse expres-
sion [19-21] ability. The noise and image edge information can be separated well, and
the implementation is simple and the redundancy is reduced. It can not only keep the
edge, but also suppress the noise well.

In this paper, the improved curvelct transform [22, 23] is used to denoise the answer
card image, improve the signal-to-noise ratio and transmission rate [24—26] of the image,
and obtain a clearer display effect. Applying curvelet transform to image processing
requires its discrete form. Let f[#1, 12],0 < #1,t < n in Cartesian coordinate system be
input, its discrete form as is shown in formula (1), and the information of scale, direction
and position are respectively represented by j, k and [.

PG Lk = Y flnnlel 0] (1)
0<ty,tr<n
V(1) = \/$(@1/2? - p(@1)? @)

The above formula uses functions W (w) to realize multi-scale segmentation, which
is defined as follows:

Wj(w1) = V27 w) 3)
For each, w = (w1, wp), w1 > 0, the corner window is as follows:

Vi(So, ) = V(zf/ZZ—f ) )

I 0
So1 1= 5
ol (—tan@; 1) )

In formula (5), where Sg; is a shear matrix. Defining l~]j(a)~) = Yj(w1)Vj(w), for
cach 0y € [—7 /4,7 [4), ithas Uj,1(w) := ¥j(@1)V;(Se,®) = Uj,1(Ss,0).

Figure 1 below shows the spatial and frequency domain map of scale j.

In this paper, the wrapping curve transformation method [27, 28] combined with
cycle spinning [29-31] is adopted. The specific steps are as follows:

Step 1: The image with noise is cyclically translated, assuming that the amount of
translation is (i, j), i € (0, M), j € (0, N), the width and height of the image are M and
N respectively. The row and column are translated at the same time, and the denoising

A
results are linearly averaged to get the image Y (i, j), as shown in Eq. (6) below.

Ki1K>

N gl »
Y@, )= KK A Y_; j(F-(TFX;)D) (6)
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Fig. 1. Spatial and frequency domain map

F represents wavelet transform, F~! represents inverse transformation, T is the
threshold, K1, K> are the maximum translations of row and column respectively,Y; ; is
the panning image, and Y_; _; is the reverse panning operation after image denoising.

Step 2: The curved transform based on wrapping is used to process the translated
image, and the set cP (j, 1, k) of discrete curved coefficients of each scale and direction
is obtained.

Step 3: The polynomial interpolation threshold function is used to denoise the
curvelet coefficients of different scale and direction subbands.

Step 4: The curvelet algorithm performs translation operation after inverse transfor-
mation, reconstructs the image, and then obtains the denoised image.

Step 5: Repeat the above steps for the image after inverse cycle translation denoising.
Finally, average the results of multiple iterations to obtain the final denoising result image
1(i, ).
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Fig. 2. Comparison of image denoising algorithms of answer card
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In order to test the superiority of the denoising algorithm in this paper, the gray-
scale image of some areas of the answer card with the size of 512 x 512 is selected
for the experiment. Fig. 2 is a comparison of wrapcurvelet algorithm and the improved
algorithm when the standard deviation of noise is 10, 20 and 30.

In Fig. 2, a is the original image and the gray-scale image, b, ¢ and d are the com-
parison of the denoising results of different algorithms under the condition of 10, 20
and 30 noise standard deviation respectively. From the perspective of visual effect, with
the increase of noise, the wrapcurvelet algorithm appears virtual shadow and image
blur after noise reduction. After noise reduction, the image is clear, which can recover
the image texture well and retain the image edge information well. It still shows good
advantages when the noise standard deviation increases.

3 Hough Algorithm for Deformation Correction

In this paper, Hough parameter space transform optimization algorithm [32-34] with
good anti-interference [35, 36] is used to detect straight lines, correct image tilt, and
support parallel computing.

The general expression for a line is y = ax + b. In Hough transformation, the
line is r = xcos() + ysin(8), It can also be expressed as:r = /x2 + y2sin(0 + @),
tan(¢) = x/y. Where r is the distance between the line and the origin of the upper left
corner of the image, and the angle between the line and the perpendicular is 6. A line
in x, y coordinates is mapped to a point in r, 6 space; any point in x, y coordinates is
mapped to a sine curve in 1, 6 space. Hough transform can not only detect the continuous
line, but also detect the discontinuous line, so it is not affected by the linear fracture.

In Fig. 3, a is a number of line segments on the same line in x, y coordinates. The
right figure is the Hough transform domain of these line segments in r, & coordinate
space. It can be seen that all the line segments intersect at the same extreme point in
r, 6 coordinate space, which means that these line segments are on the same line, and
the detection of the line can be realized by accumulating and counting the points on the
binary image with the accumulator. In Figure b, Hough transform is used to detect the
fractional code graph. The first 8 peaks in the transform domain are selected, and then
8 extreme points are detected in the transform domain. The first 8 lines are shown in the
right figure, and the longest line is the left vertical line.

Through Hough transform detection, the straight line in the answer sheet can be
detected to correct the tilt angle. The center position of the image is taken as the rotation
center for calculation. Suppose that the coordinate of point (xg, yo) after turning 6 degree
around point (s,7) is (x1, y1), and the central coordinate after rotation is (m, n), then

X1 1 0m cos(f) sin(@) 0 1 0 —s X0
yi |[=|0—-1n —sin(6) cos(6) 0 0—-1 ¢ Y0 (7
1 001 0 0 1 00 1 1
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(b) Hough transform domain and detection results

Fig. 3. Hough transform domain line detection

In Fig. 4, a is the original image and the binary image before the tilt correction, b is
the corrected image and the binary image. Using Hough transform, when the number of
extreme points in the transform domain is 3, the straight line detection result is obtained.
In the detection image, the vertical line on the right is the longest, which can be used
to adjust the tilt angle. The other two lines are the horizontal lines that separate the
information area and the objective question area of the examinee. You can use the binary
image line length of Hough detection to arrange in descending order. The two lines with
the longest horizontal direction to get the area segmentation position, so as to realize the
segmentation of the examinee’s information area and the objective question area.
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Fig. 4. Image tilt correction of answer sheet

4 Option Identification and Judgment

After the correction of the answer card image, it is necessary to locate and segment

different areas, complete the detection of the smear area of the answer card options and
the identification and judgment of the answers.

4.1 Impurity Removal

The connected area of smear information in the binary image of the answer card needs
to calculate the number of pixels in each area. The small noise points contain fewer
pixels. Set the threshold 7. If the connected area is smaller than 7', discard it. The pixels
larger than the threshold T are effective pixels. In addition, the burr on the edge of the
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filling area is further removed by morphological corrosion operation [37—41], and then
the edge and internal holes are filled by expansion operation to smooth the filling area.

6 @D R .- .. 66 - .. ..
37 " 67 (AR - .
18 ESS 65 WD R ..
39 E 3 GO A mm O
40 W= - 70 I - .-
41 I 71
12 B 2
43 'A 3
44 "W 74

(b) Threshold ﬁltring (d) Clutter removal

(e) Corrosion (f) Expansion

Fig. 5. Noise removal

In Fig. 5, a and b are the original image and gray-scale inverse image of part of the
answer area. Through threshold filtering, the background information, separation vertical
line, question number and option information with lighter gray level are removed, as
shown in c. If the threshold value is increased, the information such as question number
can be further removed, but the pencil smear area will reduce the area and affect the
recognition. Therefore, through the above method of removing small area speckles, the
connected area with small pixel area is removed while the complete smear information
is retained, as shown in d. After further corrosion and expansion, as shown in e, f, the
edge of the coating area is smoother.

4.2 Option Positioning and Marking

Generally, the options of the answer card are regular and have the same interval, so
the answer area of the answer card can use the horizontal or vertical projection curve
of the gray image to determine the distance between the option areas of each row and
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column of the image. Through the distance between each question and each option, the
objective question area of the answer card is divided into grids, each grid corresponds
to a question number, or an option. Store and record the question number or option
information represented by grid to determine the location of correct answer.

(a) Options image
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Fig. 6. Interval judgment of option area

As showninFig. 6, ais a partial option area image, and b is a binary inverse image of a.
According to the projection of b in the vertical and horizontal directions, the horizontal
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and vertical coordinates in the c represent the pixel width of the option image in the
column and row directions, the change of the sum of the gray values of the questions,
A, B, C and D, and the valley value represents the binary value in the image. The blank
areas between the original pictures of 5 and 6 are the largest, so the valley value is the
longest in the vertical projection. In the horizontal projection, the peak value of about
100 pixels in the middle is the largest, because option B is the most selected and the
accumulated gray value is the largest. In this paper, the middle point whose valley value
is zero in each segment is taken as the grid line to divide horizontally and vertically, so
as to realize the grid line division between the questions and between the options.

Locate the connected area of the objective question after filtering out the impurity
points and invalid areas, extract the central position of the objective question filling area,
and mark it. Compare the location of the answer sheet options according to the central
position, and determine which one of A, B, C and D options corresponds to the location,
so as to realize the location and marking of the options (Fig. 7).
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Fig. 7. Results of filling location and option identification

The above figure shows the process of recognition of smear information in the objec-
tive question area of the answer card. After the image is preprocessed and corrected for
binarization, the center of mass of the smear area can be accurately extracted, b marks
the center of mass of the filled rectangle in a. C is the grid line divided by the horizontal
projection and vertical projection of the answer area image. If the center of b is located
in the cell corresponding to an option in the grid, then mark the corresponding option



712 P. Cui et al.

value next to the filled area in d. According to the test result of the answer card and the
standard answer, we can judge whether the filling result is correct.

5 Conclusion

In this paper, image preprocessing, segmentation, feature extraction and automatic recog-
nition are applied in the marking of answer card. In this method, the image is preprocessed
based on curvelet to improve the SNR and image quality. The Hough transform is used
to detect the line effectively in polar coordinate space, and the candidates’ information
area and answer area are segmented effectively while the tilt angle is corrected. Using
the horizontal and vertical projection segmentation option, realizes marking the filling
position in the answer sheet and results recognition, improves the accuracy of marking
papers.
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