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| ABSTRACT

Detecting and analyzing text in multimedia is required for recognition of characters which can be used for performing multi-
objectives in numerous research areas and applications. Characters or numbers in images can be hand-written, printed
document, typewritten or artificially added for the purpose of searching or indexing, editing or image understanding. Various
applications such as License Plate Detection, Handwritten documents recognition, Sudoku Solving, multi-oriented recognition
focuses on character recognition. Image Sudoku solver works on Sudoku puzzle images. In this paper, the printed text Sudoku
image is used as the input. The image is enhanced by filling the horizontal and vertical gaps in the grids that may occur due to
shadow or distortion of the scanned image such that all the 81 grids are extracted. Secondly, the numbers and grids in the
enhanced image are extracted and a dancing link approach using Algorithm X is adopted to solve the Sudoku. The proposed
work is compared with a backtracking approach and dancing link approach without enhancing the image and its computation
time for various ranks of difficulty of a puzzle taken. The Sudoku puzzle can be used to secure information stored in an image
as the number of solutions to solve a Sudoku puzzle is very large, allowing it to be used as a security tool resistant to brute
force attacks.
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1. Introduction

Optical Character Recognition (OCR) is a technique used to read, analyze and understand the characters in multimedia which can
be used for indexing, searching, editing or understanding an image. The text can be in the form of printed, handwritten or caption
text. The OCR application can work in online or offline mode. In the offline mode, the input is an image or a video frame that is
processed and the text is recognized. In the online mode, the processing of the image and the recognition of the text characters
are done simultaneously. Various applications of OCR are navigation assistance system, sudoku solver [Dutta, 2016, Ly, 2015], sport
video analysis, content based image retrieval (CBIR), license plate recognition etc., [Jain, 2015]. Sudoku is a number game
popularized with a 9 X 9 grid with few squares of the grid initially filled with numbers 1 to 9. The objective of the game is to fill the
remaining empty grids from numbers 1 to 9, such that no number should be repeated in a single row or column or a 3 X 3 box. A
sample Sudoku problem is given in Fig 1.

Copyright: © 2024 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
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Figure 1: A sample Sudoku puzzle

The Sudoku solver is an NP-complete problem. The solution to a grid is valid, when there is only one way in which the numbers
can be filled for the given clues. The least number of clues required to solve a Sudoku is 17. Few logic techniques are used by
researchers to solve the problem. The level of difficulty for a Sudoku puzzle can be ranked into 5 major categories (extremely easy,
easy, medium, hard and evil) based on the number of clues and the position of each empty cell [9]. The comparison chart of the
number of clues and the rank of difficulty are given in Table 1. Similarly, Table 2 gives the comparison of the minimum number of
clues in each row and column in a Sudoku instance and their corresponding rank of difficulty.

Difficulty level Number of Clues (out of 81)
1 (Extremely Easy) 46
2 (Easy) 36
3 (Medium) 32
4 (Difficult / Hard) 28
5 (Extremely Hard / Evil) 17

Table 1: Comparison chart of the number of clues and the rank of difficulty [9]

Difficulty level Number of Clues (out of 81)
1 (Extremely Easy) 5
2 (Easy) 4
3 (Medium) 3
4 (Difficult / Hard) 2
5 (Extremely Hard / Evil) 0

Table 2: Comparison chart of the minimum number of clues in a row and column and the rank of difficulty [9]

The paper is organized as follows. The related research work is presented in section Il. The various algorithms to solve a Sudoku
are discussed in section Ill. The proposed enhanced DLX algorithm and its working principles are explained in section IV. Section
V discusses the experimental results of the proposed algorithm and its comparison with the state-of-the art methods and also in
terms of time complexity. The conclusion and future research directions are written in section VI.

2. Literature Review

The basic logic used to solve a Sudoku puzzle is using the depth-first search (DFS) and backtracking [Kamal, 2015]. Most of the
existing approaches use backtracking combined with other approaches to solve a puzzle [Kamal, 2015, Maji, 2014, Schottlender,
2014]. The brute-force approach uses filling of numbers in a cell based on random filling and ordered filling. The Fisher et al., [n.d]
discusses on sorting the array of elements randomly. But the main drawback of this algorithm is that, the brute-force approach is
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time consuming and is harder for puzzles with higher degree of difficulty. However a solution to the puzzle is guaranteed. This is
an iterative approach and the solution becomes deterministic and recursive. The technique of permutations can also be used to
randomly generate possible numbers to be filled in the empty cell.

A pencil and paper algorithm uses preemptive sets to assign values to an empty cell. These numbers are termed differently by
different authors. The markup numbers are named as partnerships and number sharing. These pre-emptive sets can be used to
solve the puzzle at various degrees of difficulty as well as it is easier to scale the size of the puzzle.

A backtrack based enumerative algorithm is proposed using Graph Referencing method (GRA) [Chakraborty, 2014]. Genetic
Algorithms are found effective in solving the puzzle as a multi-objective optimization problem [Darwin, 1968, Mantere, 2007]. Meta-
heuristic algorithms such as Harmony search use continuous optimization to solve the puzzle. This works by using the musical
process of search to identify the perfect state of harmony to give better solutions for combinatorial optimization problems. The
efficient modification on the Harmony search algorithm proposed by Mandal et al., [2011] is effective in the number of iterations
required to solve a puzzle. The algorithm using Simulated Annealing (SA) technique is developed based on the puzzle solving
strategy and GA based algorithm also suggests better options in solving a given Sudoku puzzle [Mandal, 2011, Vikstén, 2013,
Volume, 2010].

3. State-of-the art Sudoku Solver Techniques and Algorithms:

Although a Sudoku puzzle with 81 squares has a complete solution, there are 6,670,903,752,021,072,936,960 valid Sudoku grids.
The basic logic used to solve a Sudoku puzzle is using the depth-first search (DFS) and backtracking [Kamal, 2015]. Therefore, for
a Sudoku puzzle that is ranked difficult, the basic DFS algorithm is very slow to solve. The brute-force and the heuristic are the
major approaches for solving a Sudoku puzzle [Taruna, 2015]. Some of the Sudoku solver techniques and algorithms discussed in
this section are: brute-force approach, pencil and paper approach and rule-based approach.

3.1 Brute-force approach:

Brute-force approach is the most common algorithm used for solving a Sudoku puzzle. It is an exhaustive search algorithm as it
finds all possible solutions for a given problem and but is not considered effective [Taruna, 2015]. The idea of the brute-force
approach is to fill an empty cell with a number without violating the rules, and proceeds with the next empty cell and repeats the
process until a violation occurs. On violation it backtracks to the previously filled cell and fills the next possible number. The
backtracking approach can be categorized into ordered choices and random choices. In the ordered choices based backtracking
approach, the numbers are ordered in an array which can be sorted or shuffled. For example, the number to fill the first empty cell
is 1to 9, and the next empty cell is 1 to 9 minus the number filled in the first empty cell and so on therefore giving a deterministic
number of backtracking and recursions. In the random choice based backtracking approach, Fisher — Yates shuffle [n.d] is used to
shuffle the choices in the array randomly. This leads to a non-deterministic number of backtracks and recursions to solve a Sudoku.
However, choosing the right value for the first empty cell leads to fewer backtracks and recursions thus optimizing the backtracking
algorithm [Maji, 2014].

The advantages of this method are:

1. Solution is guaranteed for a valid puzzle.
2. The time taken to solve the puzzle is independent to the difficulty ranking.
3. Simple approach for execution compared to many algorithms used to solve a difficult puzzle.

The major disadvantage of the method is the time taken to solve a complex puzzle is slow compared to other methods that use
backtracking after decomposing the problem into less complex problem [Schottlender, 2014].

3.2 Pencil and Paper approach:

The pencil and paper algorithm works such that given a partially filled puzzle, all possible numbers that can be filled in the empty
cells without violating the rules of Sudoku solving. These possible numbers are termed as the markup numbers. If a particular
markup number appears only once (singleton) in a cell in the entire row, column and the box, then that number can be assigned
to that particular cell. This can be done using the pre-emptive sets, occupancy theorem, hidden sets and random choice
[Schottlender, 2014]. By filling all such singleton numbers, the size of the problem is reduced. The same process is repeated until
a violation occurs. On violation, all the markings are undone and backtrack to the previously non-violating cell and proceed again
[Michael, 2016]. If a number gets filled using any of the above said approaches and does not violate the rule, then the markup
numbers in the remaining cells are recalculated and the process is repeated until the solution for the puzzle is complete without
any violations.
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Algorithm 1: Pencil and Paper approach

(1) Find all forced numbers in the puzzle.
(2) Markup the puzzle (and attempt to identify remaining singletons).
(3) do

Search for pre-emptive sets in rows, columns and boxes, make corrections

continue step 3

while (solution == TRUE)

(4) if (solution == FALSE)

make random choice

if (solution == TRUE)

Return
else

violation backtrack to step 4.

The advantage of the algorithm is that apart from finding the solution to the puzzle, they can also rate the difficulty of a puzzle.
The major disadvantage is that these algorithms are comparatively slower and it is important that the forced random choice used
to fill a cell is correct to get a solution for the puzzle.

3.3 Rule based Approach:

The rule based approach works based 7 rules that are derived from the existing approaches [Gustavo, 2007]. They mainly work on
the principle of elimination of numbers in a particular empty cell based on the partially filled puzzle. The list of rules and their
explanation are given below.

Rule 1: First order simplification rule — If only one number between 1 to 9 is possible in a particular empty cell, then that number
can be removed from all other empty cells in that particular row, column or box.

Rule 2: Second order simplification rule — If two cells in a row, column or box has only two possible numbers, then those numbers
can be removed from all other empty cells in that row, column or box.

Rule 3: Third order simplification rule - If three cells in a row, column or box has only three possible numbers, then those numbers
can be removed from all other empty cells in that row, column or box.

Rule 4: Only one number rule — If a number is not possible in a cell except one, and the number of possible numbers in that cell is
greater than one, then the number is called a singleton number.

Rule 5: Only two number rule — If two numbers n1 and n2 are not possible in a cell except two, and the number of possible numbers
in that cell is greater than two, then the possible set of numbers are n1 and n2.

Rule 6: Twin rule — If a number is possible in a cell in one row or column, then that number can be removed from the list of all
possible numbers to be filled in that row or column, but not in the other boxes.

Rule 7: Sudoku split rule — If none of the other rules can be applied, then the puzzle is split. A cell with minimum number of
possibility is taken as a sub problem and is solved using the rules 1 to 6.
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Algorithm 2: Rule Based Approach

(1) if (only one number == TRUE)

enter a number between 1 to 9 is possible, remaining = num-1
(2) else if (only two numbers == TRUE)

enter two numbers between 1 and 9 is possible, remaining = num-2
(3) else if (only three numbers == TRUE)

enter three numbers between 1 and 9 is possible, remaining = num-3
(4) else if (one number == FALSE)

that number between 1 to 9 is not possible, remaining = num-1
(5) else if (two numbers == FALSE)

two numbers between 1 to 9 are not possible, remaining = num-2
(6) else if (two numbers in two cells == TRUE)

in a row or column two numbers are possible in two cells (celll and cell2 = num1|num2)
(7) else
problem = sub problem

goto step 1.

The major disadvantage of the rule based approach is that multiple solutions are possible and the derived solution is dependent
on the order of execution of these rules thus leading to a non-confluent solution. Therefore, it is important to identify the right
method to solve the puzzle. Main application is that these puzzles can be used as a security tool for data hiding and transmitting
the information securely, since the number of possible keys to decrypt the message is equal to the number of solutions to the
puzzle transmitted [Thai-Son, 2015].

4. Methodology

Sudoku puzzle is a NP complete problem, however the popular 9 X 9 puzzle has finite solution. In general, the puzzle is considered
an exact cover problem. The exact cover problem is a decision problem used to find the exact cover. The idea of the exact cover
problem is to decide an element from a set of elements, such that an element can be used only once throughout the problem.
The proposed work, performs the following steps: preprocessing, finding the square boundaries, finding the total grids and
recognition of digits and solving the Sudoku puzzle.

4.1 Preprocessing:

The input Sudoku image taken is from a printed document, therefore there is a need to perform few pre-processing steps to avoid
issues that occur due to shadowing, distortion etc., The image is filtered using a median filter and is binarized using Otsu's
thresholding to produce a binary image. The intensity of all the pixels are equalized using these filters. The vertical and horizontal
edges are extracted and these edge points are connected using vertical and horizontal gap filling approach [Manisha, 2017]. Every
pixel is compared with its nearby pixel and if the intensity of a pixel varies from its neighbouring pixels, then the value of the pixel
is replaced by the mean of its nearby pixels [Manisha, 2017]. The importance of the pre-processing step can be understood better
in finding the total grids. For a 9X9 puzzle, the pre-processing step improves in finding all the 81 grids, which is the novelty of the
proposed work.

4.2 Finding square boundaries:

The square boundaries are interpreted by identifying the connected components in the image. These connected components are
classified as the 3X3 boxes from the 81 grids. The identification of these square boundaries contributes in identifying the centres
of the components.
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4.3 Finding grids and recognition of digits:

The component centres from the previous step helps in finding the grids such that it works well for any transformation such as
rotation, distortion or translation. The coordinates of all the grid points are identified thus breaking down the grid into 81 individual
squares [Dutta, 2016]. These squares can be classified as numbers between 1 and 9 or can be an empty square that needs to be
solved. These digits can be recognized using OCR and the result is fed into a Sudoku solver [Ly, 2015].

4.4 Sudoku Solver — DLX using Algorithm X:

Dancing Links (DLX) method is used to implement Algorithm X efficiently. This method works such that, any known data is taken
as the initial condition and the corresponding links are calculated with their neighbouring cell. If any link does not correspond to
the initial condition, then the link is attached to the suitable cell. The algorithm works using doubly linked list approach. A depth-
first search is done throughout the cells that are linked to the initial condition and the possible links are attached to these
conditions.

The Algorithm X is a non-deterministic, recursive algorithm that uses DFS for backtracking. This is used to identify ideal solutions
for any exact cover problem. In Sudoku puzzle, there are four major constraints that constitute into an exact cover problem with
81 grids. The position constraint is that only a single value between 1 and 9 can be allocated in a cell. The row constraint is that,
any number can be assigned to only a single cell in the entire row. The column constraint is that, any number can be assigned to
only a single cell in the entire column. The region constraint is that, any number can be assigned to only a single cell in the entire
region of 3X3 box. Before assigning a value to a cell the position constraint should have the highest priority and the row, column
and region constraints have equal priority.

Algorithm 3: Algorithm X

(1) ifjin AL ==

return
else if A[i][j] ==

include A[i] in partial solution

(2) for(jin Aij==1)
for (i in Ai,j ==1)

delete A[i] in A and A[il[j] =A[x][j]
delete A[j] in A and A[x][j] = Alx][y]

(3) goto step 1on the reduce matrix A[x][y].

5. Experimental Results

In this section, the experimental setup and the results obtained by the proposed method is discussed and the performance of the
proposed method is compared with the state-of-the art approaches such as brute-force approach and rule based approach in
terms of time taken to solve a puzzle. Here the noise in the input image is removed using a median filter and Otsu’s thresholding
is applied and the image is converted into a binary image by equalizing the intensity of the image throughout and edges are filled
using horizontal and vertical gap filling technique.

Figure 2 consists of the input image and its corresponding pre-processed image after filling the edges. Figure 3 shows the sample
input image and its corresponding solution using brute-force approach. In figure 4, the sample input image and its corresponding
solution using the proposed method is given. On comparing figure 3 and figure 4 it is evident that the proposed method
outperforms the brute-force method in terms of the computation time taken for solving the puzzle at the same level of difficulty
ranking.

Figure 5 shows the failure case of the DLX algorithm as the total number of contours obtained is greater than the actual number
of contours available in the puzzle. Thus it clearly assures the need for pre-processing the input image before feeding into the

Page | 43



Sudoku Solver — A Novel Approach Using Recognition of Printed Text Image

algorithm for solving the puzzle. The comparison graph on the total computation time for solving the puzzles at various degrees
of difficulty using the proposed method with the state-of-the art methods [Thenmozhi, 2017, Sankhadeep, 2015, Akta, 2015] is
given in figure 6. This further confirms that the DLX algorithm using Algorithm X gives finite solutions to the puzzle and is efficient
than the other approaches.
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Figure 2: (a) Sample input image (b) pre-processed image
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Figure 4: (a) Sample image (b) Solved puzzle using proposed method
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Figure 5: (a) Sample image (b) Failure case in finding contours
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Figure 6: Comparison of proposed method with brute-force and pencil paper method

The novelty of the proposed method is twofold. Firstly, the proposed method affirms the importance of pre-processing the input
image containing the printed text. The finding of all the grids in a puzzle is an important aspect in solving the puzzle. This paper
evaluates the performance of the DLX algorithm using Algorithm X without enhancing the input image and it is evident that there
is a possibility of not identifying all the grids due to distortion or a shadow in the input image taken. Secondly, the comparison of
the proposed method is done with the state-of-the art approaches such as brute-force approach and rule based approach for
different degrees of difficulty ranking in terms of computation time. This further clearly enhances the significance of the proposed
work over the existing approaches.

6. Conclusion

The objective of this study was to evaluate the efficiency of the DLX method utilizing Algorithm X for solving Sudoku puzzles. The
key findings indicate that this method effectively solves Sudoku puzzles and highlights the significance of pre-processing the input
image to accurately identify the 81 grid cells, which is crucial for solving the puzzle. The study also compares this approach with
state-of-the-art techniques in terms of computation time, demonstrating that the time required to solve the puzzle is influenced
by the number of initial clues provided. Despite the NP-complete nature of the Sudoku problem, the proposed method successfully
confirms that a 9x9 puzzle can be solved within a finite timeframe. Limitations of the study include the reliance on initial clues and
the focus on a single puzzle size. Future research could explore the application of Sudoku in steganography and investigate
methods for improving efficiency with different puzzle configurations and clue densities.
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