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Abstract 

Sudoku is one of the logic puzzles in which one has to fill 9x9 grid with numbers so that each row and column contains all of 
the digits between 1 and 9. In the traditional system, they have assumed the largest contour in the frame is the Sudoku puzzle to be 
solved. However, this could not be true at all the time.  To overcome the above issue, the proposed system finds the largest contour 
and splits the contour into 81 parts where each part representing a cell as a Sudoku contains 9 x 9 cells. After applying appropriate 
pre-processing to the acquired image efficient corner extraction techniques is used to recognize the grid and template matching 
algorithm on each cell finds the digit using template data. Finally with the backtracking algorithm the proposed system provides a 
digital copy of the solution i.e., value for each cell associated with Sudoku puzzle.  
 
Keywords: Sudoku Puzzle, Backtracking Algorithm. 
 
1. Introduction 

Sudoku is a number puzzle where the goal is to fill a square matrix (grid) of size 'n' with numbers 1 to 'n'. The numbers 1 to 
'n' must be placed so that each column, each row and each sub-matrix (sub-grid), if any, contains all of the numbers from 1 to 'n'. The 
most common Sudoku puzzles use a 9x9 grid. The grids are partially filled with hints to ensure a solution can be reached, and here is 
the solution. Notice how each row, each column and each sub-grid have all numbers from 1 to 9. Some puzzles may even have 
multiple solutions. Sudoku is a logic-based puzzle. Needless to say, solving one requires a series of logical moves and might require a 
bit of guesswork. Moreover, image processing and object localisation algorithms are used to detect the Sudoku puzzle. Initially, an 
image consisting of Sudoku is provided, by Using object localisation & CNN algorithms, the proposed work detects the Sudoku 
square box i.e., 9 × 9 square box is detected. Using ANN, the proposed system detects the numbers and empty spaces, then the 
backtracking algorithm is used to solve the puzzle more efficiently. In the puzzle, digits are recognised in the form of digital or 
handwritten and finally it is solved using backtracking algorithm. 

 
2. Related Work 

Template Matching Techniques in Computer Vision [1] examines the basics of digital image formation, highlighting points 
critical to the task of template matching and also presents basic and advance template matching techniques, targeting grey level 
images and shapes. The featureextraction and fundamentals of spatial filtering, image transforms and finite differences with focus on 
edge detection described in [2]. The vision-based technology presented in [5] for localizing targets in 3D environment is achieved by 
the combination of different types of sensors including optical wheel encoders, an electrical compass, and visual observations with a 
single camera. A convolutional neural network for fault classification and diagnosis in semiconductor manufacturing processes [6] 
explains the prediction of manufacturing results using sensor signals have been conducted in the field of fault detection and 
classification (FDC) for semiconductor manufacturing processes. However, fault diagnosis used to find clues as to root causes remains 
a challenging area. In particular, process monitoring using neural networks has been employed to only a limited extent because it is a 
black box model, making the relationships between input data and output results difficult to interpret in actual manufacturing settings, 
despite its high classification performance. 

 
3. Grid Extraction 

After acquiring an image containing the Sudoku grid as shown in figure 1, first it is converted into a grayscale image, as 
shown in figure2, which is acting as an input to other pre-processing techniques so that the grid can be accurately located. The steps 
that are discussed below: 
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Figure 1: Original image of Sudoku 

 

 
Figure 2: Grey Scale Image of Sudoku 

 
3.1 Smoothing the image and Adaptive thresholding 

The input image is first filtered with a low-pass Gaussian filter of 5x5 window size since, it smoothens out sharp projections 
and other high-frequency components in the image. Also, it helps in getting better results subsequently. It takes care of any jagged 
edge clutter that Appears after adaptive thresholding, thereby resulting in robust grid corner extraction. It was also observed that 
performing adaptive thresholding on the image without the smoothing filter gave broken digits. Afterblurring, the digits obtained were 
clean and complete, which could be used for digit recognition.  After the smoothing filter is applied, the image is passed through an 
Adaptive thresholding algorithm to avoid illumination gradient (for example, due to shadows of the human capturing the images with 
the mobile phone) across the image. Global thresholding will completely obliterate the details of the grid and digits, making it 
impossible to extract them. Applying window-wise thresholding helps localise the effect, thus effectively bringing out the perfect 
details for the proposed system. The window size used by the proposed system for Adaptive thresholding was heuristically chosen to 
be 30 per cent of the approximate size of each 1x1 block in the approximate 9x9 grid of the puzzle. This is because applying 
thresholding in this manner over the entire grid helps get finer details in the numbers, thereby making the proposed work recognising 
the digits more robust.  Figure-3 showsthe result obtained after smoothing and adaptive binarization. 

 
Figure 3: After applying Gaussian Blur and Adaptive Thresholding 

 
3.2 Isolating the grid from the background clutter of the image 
An essential part of the algorithm is to correctly identify the location of the Sudoku Grid in the given image. To achieve this, the 
system rely on the concept of Connected Components. The grid is a connected component, and hypothesise that it is the largest 
connected component in the image subjected to certain constraints. These constraints were introduced after identifying some 
shortcomings in the previous approach.  The hypothesis that the Sudoku grid is the largest connected component is correct in most 
cases but failed in some. These cases were where blobs outside the Sudoku grid characterised the image with very high pixel density. 
In such cases, although the grid is one of the largest connected components, it might not be the largest one. To overcome this problem, 
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while performing a flood-filling algorithm, a technique to identify all connected components using four connectivity in the image, 
tracking of the largest connected component is carried out i.e., the one with the maximum pixel density. This Connected component 
has to fulfil certain other constraints. These constraints directly correlate to our requirement that the Sudoku Grid has a height and 
width of at least 30% of that of the entire image height and width, respectively. This constraint gave excellent results practically and 
helped rule out unwanted clutter, which had the potential of being misidentified as the grid component. To make our constraints closer 
to identifying the actual grid another restriction was imposed. The corners of the connected component discovered should have their 
corner points present in the image, and the fact that they should not overlap with the edges of the image. 
 
This approach gave excellent results in terms of grid detection. It removes any clutter outside the grid, isolates the Sudoku grid 
accurately, and eases the rest of our algorithm. The extracted grid is shown in Figure-4. 
 

 
Figure 4: Extracted Grid 

 

 
Figure 5: Extended Corner 

 
3.3 Extracting the grid corners  

The next step in the process is identifying the four corners of the grid to determine a perspective transformation from the 
given grid to a specified square grid. Before identifying the corner locations, the image with a square structuring element of window 
size 5X5 is eroded. A lot of Sudoku puzzles have an outer grid boundary that is very thick. The algorithm implemented to locate the 
corners of the grid relies on accurate pixel locations. To aid this algorithm, the proposed scheme performs an erosion to make the grid 
boundaries thinner resulting in the detection of the corners to be in a more concentrated location. Erosion will also eradicate the thin 
grid lines inside the extracted grid component and make the algorithm execute faster in most cases. The strategy to locate the corner 
points involved first identifying the minimum distance and the maximum distance points with respect to the image's origin and using 
these to judge the location for the top right and bottom left corner points. The origin for the image coordinate system is located at the 
top left corner of the image. In most cases, the minimum distance and maximum distance points would be the top left and bottom right 
corner points of the grid. 

 
Detection algorithm thus, traversing the image with only the grid details, the proposed work accurately identifies the 

minimum distance and the maximum distance points on the Sudoku grid.   To identify the top right and bottom left corner points, the 
system employs different strategy by exploiting the rectangular regular symmetry of the grid to do so. Identifying that the top right 
cornerpoint would lie above the diagonal formed with the maximum and minimum distance points, and the bottom left corner point 
would lie below the same diagonal helps us isolate these other two corner points. The sum of the distances of the top right corner from 
the top left and bottom right corner would be the largest distance achievable for a point on the grid lying above the aforementioned 
diagonal. On similar lines, the bottom left corner would be the point with the largest sum of distances from the maximum and 
minimum distance points located below the diagonal. Doing so, the location of the other two corners of the grid is successfully 
identified. However, under a certain angle of rotations of the grid, for example, a 45-degree anticlockwise rotation as shown in figure-
5, the minimum distance point might not be correctly identified. In this case, the minimum distance point is detected to be at the edge 
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and not at the corner, as depicted by the red circle on the edge. However, the other two corner points at the top right and bottom left 
corner still have the maximum sum of the distance from these two detected points, even if the minimum distance point is not a corner 
as in figure-5. For identifying the correct location of the minimum distance corner point, the same algorithm using the top right and 
the bottom left corner points is repeated then the diagonal passing through the identified other two corner points were located. The 
same distance heuristic as illustrated in the previous paragraph and re-locate the minimum distance and maximum distance points 
respectively. Finally, the proposed system identifies the four corner points of the grid. 

 
4. Recognising the Digits and Handling Rotation 
Once the transformed square is obtained, locating the digit positions in the puzzle grid is performed with template matching method. 
The template image containing six different font types of digits 1-9, as shown in figure-7 below. This module takes care of all kinds of 
rotation, including a wholly inverted image. The steps taken for this are described below:  
 
 
 
 
 
 
 
 
 
 
 

Figure-7- Template Digits Image 
 

4.1 Pre-processing the Square Grid  
On extracting only, the square grid of the Sudoku, some pre-processing steps is performed to extract only the digits from it 

which is similar to pre-processing steps as in Section III. The adaptive thresholding, as shown in figure-8, followed by connected 
component retrieval identifies the grid and eliminate it, as shown in figure-9. This gives an image containing only the numbers. One 
point to note here is that the proposed undergone several rotations. This square grid of numbers may have a rotation of +90, 180 and -
90 degrees. That needs to be attended in the next few steps of recognition. A closing operation is then performed to remove any trim 
components or blobs which may hinder the digit recognition. 
 
 
 
 
 
 
 
 
 
 

Figure 8: Adaptive Thresholding 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Image with all digits in the grid 
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4.2 Scaling the template image 
It is a fact that the length of the Sudoku grid will be different in different images, where template image used for recognition 

is of fixed size. So, the scale of the digits in Sudoku and that in the template is different and needs to be matched prior to template 
matching. The best results were achieved with the flood-filling algorithm. Here again, heuristics based on the height and width of the 
bounding box of the connected component is applied to ensure no noise obtained in the clutter as a digit. The proposed assumes that 
the digit height will be at least 1/3rd the size of a 1x1 block in the 9x9 square grid and that it cannot exceed the 1x1 block size. 
Similarly, heuristics are also applied to the width with only the change that more tolerance is allowed here since digit '1' the width is 
comparatively smaller. These heuristics are again applied later while recognising the digits. Once, one digit each from the template 
image is acquired and the Sudoku image, can quickly obtain the height of the digit from the bounding box dimensions. The scale 
factor which is determined should be applied to the template image of digits so that the size of a template digit and a Sudoku digit is 
the same. This system uses the fact that the height of all the digits is always the same, although the width might be different. Also, the 
aspect ratio of the digit in the template image is the same as that in the given Sudoku image. So all need to do is take the ratio of the 
heights of the digits obtained from the two images and apply this scale to the digits template image. The height of the digits will now 
be the same in the template and the Sudoku image, and also, the width will automatically be scaled by the same ratio and give the 
correct dimensions. 

 
4.3 Determination of cell value with backtracking algorithm 

Backtracking is a practical algorithm used in solving problems with recursion, where a solution is arrived at in an incremental 
manner. Backtracking involves guessing a possible solution, and if it does not work, the process is backtracked and started from the 
first until a solution is arrived at. Backtracking is useful in solving problems that involve satisfying a given constraint, for example, 
Crosswords, Sudoku, etc. 

 
In general, backtracking can be applied to the following types of problems to find a set of feasible solutions, or in some cases, 

a single feasible solution 
1. Decision problems 
2. Optimisation problems 
3. Enumeration problems 
 

In the proposed work the solutions for Sudoku is provided with backtracking algorithm. If the solution does not give a correct 
final answer, then backtracking is applied until final answer is obtained which finally replaces the initial solution. Hypothesis to solve 
a 9x9 Sudoku follows similarly. The steps which will follow are: 

1. If there are no unallocated cells, then the Sudoku is already solved and returns true. 
2. Or else, unallocated cell with a digit between 1 and 9 needs to be filled. This is done in such a way that there are no conflicts in 
any of the rows, columns, or the 3x3 sub-matrices. 
3. The proposed system tries to fill the next unallocated cell, and if this happens successfully, it will be returned as true. 
4. Else, it will come back and change the digit used to fill the cell. If there is no digit which fulfils the need, then false is returned 
as there is no solution to this Sudoku. 

 
5. Conclusion and Future Work 

The digit recognition is used in the proposed system to identify the correct number appeared in the Sudoku image then the 
convolutional neural network is used to classify the images. With the help of fine-grainedimages, the proposed work solves the puzzle 
using recursive backtracking algorithm, which gives us the better time complexity and exact accuracy. The algorithm can handle cases 
of translation, perspective, illumination gradient, scaling, background clutter and severe rotation. A Sudoku being solved by 
backtracking. Each cell is tested for a valid number, moving back when there is a violation and moving forward again until the puzzle 
is solved. A Sudoku designed to work against the brute force algorithm. The proposed system is not robust to blurring, drastic 
occlusions and also if any of the four corners of the Sudoku grid are not present in the captured image. 
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