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Abstract

Given a picture captured from a camera hooked up to a vehicle moving on a road during which captured road
could or might not be levelled, or have clearly described edges, or some previous acknowledged patterns
thereon, then road detection from one image will be applied to search out the road in a picture so it might be
used as a district in automation of driving system within the vehicles for moving the vehicle in correct road.
During this method of finding the road within the image captured by the vehicle, we are able to use some
algorithms for vanishing point detection, exploitation of Hough Transformation Space, finding the region of
interest, edge detection exploitation, Canny edge detection for road detection. We have a tendency to use
thousands of pictures of various roads to coach our model so the model might notice the road as a result

within the new image processed through the vehicle.

Keyword:

Patterns thereon, automation of driving system, vanishing point detection, exploitation, Hough

Transformation Space, Region of Interest, Canny Edge Detection













CHAPTER 1: PROJECT OVERVIEW
1.1 INTRODUCTION

Currently, Sudoku puzzles are becoming increasingly popular among the people all over the world. The
game has become popular now in a large number of countries and many developers have tried to generate
even more complicated and more interesting puzzles, Today, the game appears in almost every newspaper, in

books and in many websites.

In this essay we present a Sudoku Solver named as pencil-and-paper algorithm using simple rules to solve
the puzzles. The pencil-and-paper algorithm is formulated based on human techniques, This means that the
algorithm is implemented based on human perceptions. Therefore the name of the solver is pencil-and-paper
algorithm. The Brute force algorithm is then used to compare with this algorithm in order to evaluate the
efficiency of the proposed algorithm. The brute force is a general algorithm than can be applied to any

possible problem. This algorithm generates any possible solutions until the right answer is found.

The following subsections describe the problem statement, the purpose of this project, and the abbreviations

and the definitions.

1.2 PROBLEM STATEMENT

Solving Sudoku has been a challenging problem in the last decade. The purpose has been to develop more
effective algorithm in order to reduce the computing time and utilize lower memory space. This essay
develops an algorithm for solving Sudoku puzzle by using a method, called pencil-and-paper algorithm. This
algorithm resembles human methods, i.e. it describes how a person tries to solve the puzzle by using certain

techniques. Our ambition is to implement the pencil-and-paper algorithm by using these techniques.

There are currently different variants of Sudoku such as 4X4 grids, 9X9 grids and 16X16 grids. This work is
focused on classic and regular Sudoku of 9X9 board, and then a comparison is performed between the paper-
and-pencil method and Brute force algorithm. Hopefully, by doing this work we might be able to answer the
following questions: How does the pencil-and-paper algorithm differ from the Brute force algorithm? Which

one of them is more effective? Is it possible to make these algorithms more efficient?



Fig.1. An example of a Sudoku pu::[e.
1.3 PURPOSE

The aim of the essay is to investigate the brute force algorithm and the pencil-and-paper algorithm. Later
these two methods are compared analytically. It is expected here to find an efficient method to solve the
Sudoku puzzles. In this essay we have tried to implement the pencil-and-paper algorithm that simulate how
human being would solve the puzzle by using some simple strategies that can be employed to solve the

majority of Sudoku.

1.4 ABBREVIATIONS AND DEFINITIONS

In this essay we have tried to use the same terminology. which is commonly used in other journals and
research papers. In the following paragraph, there is a brief description of some the abbreviations and

definitions that are used in the text.

Sudoku: is a logic-based, combinatorial number placement puzzle [4]. The word “Sudoku™ is short for Su-
ji wa dokushin ni kagiru (in Japanese), which means “the numbers must be single”, see Fig.1.

Box (Region, Block): a region is a 3x3 box like the one shown in figure 1. There are 9 regions in a
traditional Sudoku puzzle.

Cell (Square): is used to define the minimum unit of the Sudoku board.

Candidates: the number of possible values that can be placed into an empty square.

Clues: the given numbers in the grid at the beginning.

Grid (board): the Sudoku board consists of a form of matrix or windows
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CHAPTER 2: BACKGROUND REPORT
2.1 BACKGROUND

This section starts with an explanation about Sudoku. Then a research is carried out on the previous works

about this subject. Later, we discuss further about evaluated algorithms and finally a description of how the
work is being carried out is presented.

2.1.1 SHORT ABOUT SUDOKU

Sudoku is a logic-based puzzle that is played by numbers from 1 to 9. The Puzzle first appeared in

newspapers in November 1892 in France and then Howard Garns an American architect presented it in its

modern form [1,5]. There are already many journals, papers and essays that researched about Sudoku Solvers

and most of them present different type of algorithms. Sudoku’s popularity is based on several reasons. First

of all it is fun and fascinating, and Very easy to learn because of its simple rules. There are currently many

different type of Sudoku puzzles. classic Sudoku that contains a 9X9 grid with given clues in various places,
mini Sudoku that consists of a grid with 4X4 or 6X6 sizes. The other type of Sudoku is Mega Sudoku that
contains a grid with 12X12 or 16X 16 sizes [2]. In this text, the focus is mostly on the classic Sudoku, i.e.
9X9 grid. Furthermore, Sudoku has become so popular, compared to other games, all over the world because

1ts rules are easy to understand and it can improve our brain and also it is fun.

The structure of the puzzle is very simple, especially the classic puzzle. This essay is mainly focused on
classic puzzle of a 9X9 grid. There already exist a number of digits in the board that make the puzzle
solvable. It means that some numbers are already placed in the Sudoku board before starting playing. The
board consists of 81 cells, which is divided into nine 3X3 sub boards and each 3X3 sub board is called “box”
or “region”. The main concept of the game is to place numbers from 1 to 9 on a 9X9 board so that EVEry Tow,
column and box contains any numbers but once. This means that no number is repeated more than once. An

example of this game is illustrated in Fig. 1.

Generally, the puzzle has a unique solution. There are certain techniques to solve the puzzle by hand and

these rules can be implemented into a computer program. These techniques are presented in more details in
23

2.2 PREVIOUS RESEARCH

We have noticed that there is a large volume of published studies describing Sudoku problems. F urthermore,
several research have been made to solve Sudoku problems in a more § efficient way [4]. It has conclusively
been shown that solving the puzzle, by using different algorithms, is definitely possible but most developers

seek for optimizations techniques such as genetic algorithms, simulated annealing, etc.




Different authors have made relative works already. Nelishia Pillay gives a solution for solving Sudoku by
combining human intuition and optimization [5]. This author has investigated the use of genetic

programming to tmprove a space of programs combined of the heuristics moves. However, we seek a

salution to solve Sudoku puzzle based on human strategies, which uses techniques such as: naked single

method, hidden single method etc. J.F. Crook have also discussed about solving Sudoku and presented an

algorithm on how to solve the puzzles of differing difficulty with pencil-and-paper algorithm. This method

has not been implemented and therefore iy is hard to discuss how the algorithm performs [3]. Tom Davis has

done a research about “The Mathematics of Sudoku”. Tom has described all techniques that people usually

use (0 solve the puzzles but his major altempt is to describe these techniques from mathematical perspective.

towever, all the strategies he mentions are not required to solve the puzzle. For instance the easy puzzles

can be solved using only one or two strategies [7].
2.3 EXAMINED ALGORITHM

3.1 PENCIL AND PAPER ALGORITHM

In this work, we implement a solution based on some strategies used by humans when solving the puzzle,

therefore, it is called pencil-and-paper algorithm.

The paper-and-pencil algorithm contains human strategies. These strategies have been examined below in

more details. These techniques are almost easy to understand by human players, but it might be hard to

search in the puzzle, since there are several things to look for at the same time. As there are puzzles with
different types of difficulty, the easy and medium puzzles can be solved using some simple techniques such

s unique missing method. naked singles. However to solve difficult problems we may examine other

techniques as well (locked candidates. naked and hidden pairs, triplets etc.) 171

Unique missing candidate

The unique missing candidate is used when any row, column or box is missing only one single digit.

Naked singles

This method is useful when we find a square that can only take one single value, once the contents of other

Squares in the same row, column and box are considered. Additionally, this 9 ig when the row, column and
box hold 8 different numbers and one single number is left for that square, see Fig. 2.

As we see in figure 2, it is possible to list all the candidates from 1 to 9 in each unfilled square, i.e. square 4b

fan only hold number 2 since it is the only candidate for this position. The most significant aspect is that

When a candidate is found for a certain position then it can be removed fro

m the list as a possible candidate




in the row, column and box [7]. The reason that it is called the “naked single” method is that this kind of

square contains only one possible candidate.

g b c de f g h i a b c d e f g h i
1 il 4 1 1
2 5 9 2 1 9
3 9 / 3 6 3 9| |7 3 6
418 7 1 6 418 [l 7 1 6
> 3 5 6 3
6513 4 5 9 63| |4 5 9
7 5 4 2 3 7 s| |4 2 3
8 8 6 8 8 6
9 8 6 9 8 6

Fig. 2. A description of the naked single method. In the left figure square 4b can hold just one possible
number, which is 2 as it is inserted in the right figure.

Hidden singles

The hidden single method is similar to the naked single method but the way to find the way to find the empty
square is different. When there is only one square in the row, column or box that can take a certain number,
then the square must take that number. For example in figure 3, we can sce that both row2 and row3 contain
the digit 9 so according to the rules, rowl must also hold number 9 (in the square 123def). In the right side of

figure 3 below, number 9 is inserted by using the hidden singles method.

a b ¢ d e f g h i a b ¢ d e f g h i
1 1 4 1 1(9) 4
2 1 o) 2 1 9
3 9 7 3 6 3 9 7 3 6
4? 7 1 6 418 7 1 6
5 5
613 4 5 9 613 4 5 9
7 5 4 2 3 7 5 4 2 3
8 8 6 8 8 6
9 8 6 9 8 6

Fig. 3. These two figures show how the hidden single technique can be used [§].




Locked candidate

Tom Davis has stated that it is possible to find a box where the only place for a candidate would be a row or
column within that box [7]. It a candidate belongs to a row or column then we can remove this candidate as a
possible one with other boxes that the row (or column) connected with them. This condition is shown in
figure 3. The box 456abc must hold a 9 and the only positions the number can be placed are in squares 5a or
5¢ and both in the same row. This means that the number 9 is eliminated in row 5 from other boxes that

include row 5.
Naked Pairs, Triplets

These techniques are very similar to the naked single technique. but in this method we find the same two
candidates in two squares. By using this information we can find a possible candidate to other squares. For
example in figure 4, squares 9d and 9f can only contain values 2 and 7. By having this knowledge, it is
obvious that square 9d and 9f cannot contain 1 or 6 so those candidates are removed. The only candidates are

2 and 7 in squares 9d and 9f.

There are other techniques (e.g. x-wings, swordfish, etc.) the reader, therefore, is referred to [7.8].

Fig. 4. An illustration of naked pair technique [8].









3.2.2 Naked Single Method

The second method that is used in the pencil-and-paper algorithm is the Naked single method. This method
checks every empty square in the Sudoku board and finds the square that can only take one single digits and
the missing digit then is assigned to that square. Note that once the squares are filled by naked single digits
other naked singles will appear. This process is repeated until the method has found all empty squares with

the needed corresponding one single value and complete the board [7].

This method is a useful method when a human player solves the game. However if the corresponding method

is combined with the unique missing candidate method then both the methods can solve the puzzles both in

easy and medium levels quickly and more efficiently.
3.2.3 Backtracking (Guessing Method)

The unique missing method and the naked single method are able to solve all puzzles with easy and medium
level of difficulties. In order to solve puzzles with even more difficult levels such as hard and evil the
backtracking method has been used to complete the algorithm. A human player solves the puzzle by using
simple techniques. If the puzzle is not solvable by using the techniques the player then tries to fill the rest of

the empty squares by guessing.

The backtracking method, which is similar to the human strategy (guessing), is used as a help method to the
pencil-and-paper algorithm. In other words. if the puzzle cannot be filled when using the unique missing
method and the naked single method, the backtracking method will take the puzzle and fill the rest of empty
squares. Generally, the backtracking method find empty square and assign the lowest valid number in the

square once the content of other squares in the same row, column and box are considered. However, if none

of the numbers from 1 to 9 are valid in a certain square, the algorithm backtracks to the previous square,

which was filled recently.

The above-mentioned methods are an appropriate combination to solve any Sudoku puzzles. The naked
single method can find quickly single candidates to the empty squares that needed only one single value.
Since the puzzle comes to its end sotution the unique missing method can be used to fill rest of the puzzles.

Finally, if either method fills the board the algorithm calls the backtracking method to fill the rest of the

board.






1.1 Brute Foree Solver

The second algorithm that is examined in this work is Brute foree algorithm. Usually, the brute force
algorithm ean be applied to any possible algorithm, For example when finding password, the algorithm
generates any possible password until the right one is found. In this case the algorithm goes through every
empty square and places a valid digit in (hat square. If no valid number is found the algorithm comes back to
the previous square and change the value in that square, The process is repeated until the board is filled with
pumbers from 1 (o 9,

The advantage of the brute foree algorithm is that the algorithm can guarantee a solution to any puzzles since
it generates all possible answers until the right answer is found if the puzzles are valid [9]. Additionally. the
running time ean be unrelated to level of difficulty, because the algorithm searches for every possible
solution,

[n order to compare the pencil-and-paper algorithm with the brute force algorithm a (prcimplememed) brute

force algorithm has been used during testing [ 10].
34 Comparing

In this section we present the result of the testing and also examine the differences between the pencil-and-
paper algorithm and the brute force algorithm.

Comparing between the pencilAndPaper and brute

)

70
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Diagram 1. A comparison between the pencil-and-paper algorithm and brute force algorithm.

11
















CHAPTER 4: CONCLUSION

4.1 Conclusion

This study has shown that the pencil-and-paper algorithm is a feasible method to solve any Sudoku puzzles.
The algorithm is also an appropriate method to find a solution faster and more efficient compared to the brute
force algorithm. The propesed algorithm is able to solve such puzzles with any level of difficulties in a short

period of time (less than one second).

The testing results have revealed that the performance of the pencil-and-paper algorithm is better than the

brute force algorithm with respect to the computing time to solve any puzzle.

The brute force algorithm seems to be a useful method to solve any Sudoku puzzles and it can guarantee o
find at least one solution. However, this algorithm is not efficient because the level of difficulties is irrelevant
to the algorithm. In other words, the algorithm does not adopt intelligent strategies to solve the puzzles. This
algorithm checks all possible solutions to the puzzle until a vahd solution is found which is a time consuming
procedure resulting an inefficient solver. As it has already stated the main advantage of using the algorithm 1s

the ability to solve any puzzles and a solution is certainly guaranteed.

Eurther research needs to be carried out in order to optimize the pencil-and-paper algorithm. A possible way
could be implementing of other human strategies (x-wings. swordfish, etc.). Other alternatives might be to

establish whether it is feasible to implement an algorithm based only on human strategies so that no other

oes can solve

=

aleorithm is involved in the pcncil-and-papcr algorithm and also make sure that these strate

any puzzles with any level of difficulties.



















