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1. Area Fill

1.1. the gray scale image img22gd2.tif

solution

Input Gray Scale Image img22gd2.tif
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1.2. the image showing the connected set for s = (67,45),T = 2

solution

Connected Set for s=(67, 45), T=2
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1.3. the image showing the connected set for s = (67,45),T =1

solution

Connected Set for s=(67, 45), T=1


af://n19

1.4. the image showing the connected set for s = (67,45),T = 3

solution

Connected Set for s=(67, 45), T=3
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1.5. listing of C code

solution
Functions used in connect.c: connectedNeighbors () , ConnectedsSet ()

Implement them with First-In-First-Out Queue and predefined structs: Node, Queue

struct Node t {
struct pixel s;
struct Node t* next;
}i
typedef struct Node t Node;

struct Queue t;
static void enqueue t (struct Queue t* p queue, struct pixel s);
static struct pixel dequeue t(struct Queue t* p queue);
struct Queue t {
Node* first;
Node* last;
int32 t n;
void (*enqueue) (struct Queue t*, struct pixel);
struct pixel (*dequeue) (struct Queue t*);
} Queue default = {NULL, NULL, O, enqueue t, dequeue t};

typedef struct Queue t Queue;

static void enqueue t (Queue* p queue, struct pixel s) {
Node* last old = p queue->last;
p_queue->last = (Node *)malloc (sizeof (Node));
p_queue->last->s = s;
P _queue->last->next = NULL;

if (p_queue->n == 0) {

p_queue->first p_queue->last;
} else {

last old->next

p_queue->last;
}

(p_queue->n) ++;

static struct pixel dequeue t (Queue* p queue) {

if (p_queue->n == 0) { exit(l); }
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int *NumConPixels) {
unsigned char **visit =
(unsigned char **)get img(width, height,
sizeof (unsigned char));
for (intl6 t 1=0; i < height; i++) {
memset (visit[i], 0, width*sizeof (unsigned char));
}
for (intl6 t 1 = 0; 1 < height; i++ ) {
for (intl6 t j = 0; j < width; j++ ) {
if (seglil[j] !'= 0) visit[i]l[J] = 1;

}
Queue g boundary = Queue default;
Queue *this = &g boundary;
g_boundary.enqueue (this, s);
visit[s.m] [s.n] = 2;
int num connect;
struct pixel neighbor connect[4], s boundary;
(*NumConPixels) = 0;
while (g boundary.n != 0) ({
s _boundary = g boundary.dequeue (this) ;
seg[s boundary.m] [s boundary.n] = ClassLabel;
visit[s boundary.m] [s boundary.n] = 1;
(*NumConPixels) ++;
ConnectedNeighbors (s boundary, T, img,
width, height,
&num_connect, neighbor connect);
if (num connect == 0) continue;
for (intl6 t 1=0; i<num connect; i++) {
if (visit[neighbor connect[i].m]
[neighbor connect[i].n] == 0) {
g _boundary.enqueue (this, neighbor connect[i]);
visit[neighbor connect[i].m]

[neighbor connect[i].n] = 2;

}

free img( (void**)visit );



2. Image Segmentation

2.1. the randomly colored segmentation for 7' =1, 2, 3

solution

T=1: 36 connected sets contain over 100 pixels
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: 41 connected sets contain over 100 pixels
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Randomly Colored Segmentation for T=2

T=3: 23 connected sets contain over 100 pixels
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Randomly Colored Segmentation for T=3




2.2. the number of regions generated for eachof ' =1, 2, 3

solution
T 1 2 3
Number of Connected Sets > 100 pixels 36 41 23

Number of Total Connected Sets 27654 16747 11192
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4.7. listing of C code

solution
Function used in connect.c: Segment ()
Implement it based the predefined function: connectedset ()

void Segment (
double T, int num pixel min,
unsigned char **img,
unsigned int **seq,
int width, int height,
int* ptr num connect set) {
for (intl6 t 1=0; i < height; i++) {
memset (seg[i], 0, width*sizeof (unsigned int));
}
int32 t size list = 256;
int* list num pixel = (int*) malloc(size list*sizeof (int));
int num connect set all = 0;
struct pixel s;
for (intl6 t 1=0; i<height; i++) {
for (intl6 t j=0; j<width; Jj++) {
if (segli]l[j] == 0) {
if (num connect set all >= size list) {
size list <<= 1;
list num pixel =
(int*) realloc(list num pixel,
size list*sizeof (int));
}
s = (struct pixel){.m = i, .n = j};
num connect set all++;
ConnectedSet (s, T, img, width, height,
num connect set all, seg,

list num pixel+ (num connect set all-1));

}
*ptr num connect set = 0;
printf ("num connect set all:%d\n", num connect set all);

intlé t* list class label =
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Appendix

C codes for connected components: connect.h, connect.c

connect.h
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unsigned char **img,

unsigned int **seg,

int width, int height,

int* ptr num connect set
)i
void print out reverse (unsigned int **array, intl6 t H, intl6 t W);
void assign img2arr(struct TIFF img *img, unsigned char **array);
void assign arr2img(unsigned int **array, struct TIFF img *img);

#endif /* CONNECT H_ */

connect.c

#include "../include/connect.h"

struct Node t {
struct pixel s;
struct Node t* next;
}i
typedef struct Node t Node;

struct Queue t;
static void enqueue t(struct Queue t* p queue, struct pixel s);
static struct pixel dequeue t (struct Queue t* p queue);
struct Queue t {
Node* first;
Node* last;
int32 t n;
void (*enqueue) (struct Queue t*, struct pixel);
struct pixel (*dequeue) (struct Queue t*);
} Queue default = {NULL, NULL, 0O, enqueue t, dequeue t};

typedef struct Queue t Queue;

static void enqueue t (Queue* p queue, struct pixel s) {
Node* last old = p queue->last;
p_queue->last = (Node *)malloc (sizeof (Node));
pP_queue->last->s = s;
P _queue->last->next = NULL;

if (p_queue->n == 0) {

p_queue->first p_queue->last;

} else {

last old->next p_queue->last;






void ConnectedSet (
struct pixel s, double T,
unsigned char **img,
int width, int height,
int ClasslLabel, unsigned int **seg,
int *NumConPixels) {
unsigned char **visit =
(unsigned char **)get img(width, height,
sizeof (unsigned char));
for (intl6 t 1=0; i < height; i++) {
memset (visit[i], 0, width*sizeof (unsigned char)) ;
}
for (intl6é t 1 = 0; i < height; i++ ) {
for (intle t j = 0; Jj < width; j++ ) {
if (seglil[j] !'= 0) wvisit[i]l[J] = 1;

}

Queue g boundary = Queue default;
Queue *this = &g boundary;
g_boundary.enqueue (this, s);
visit[s.m] [s.n] = 2;

int num connect;

struct pixel neighbor connect[4], s boundary;

(*NumConPixels) = 0;

while (g boundary.n != 0) {
s _boundary = g boundary.dequeue (this) ;
seg[s boundary.m] [s boundary.n] = ClassLabel;
visit[s boundary.m] [s boundary.n] = 1;

(*NumConPixels) ++;
ConnectedNeighbors (s boundary, T, img,
width, height,
&num connect, neighbor connect) ;
if (num connect == 0) continue;
for (intl6 t i=0; i<num connect; i++) {
if (visit[neighbor connect[i] .m]
[neighbor connect[i].n] == 0) {
g_boundary.enqueue (this, neighbor connect[i]);
visit[neighbor connect[i] .m]

[neighbor connect[i].n] = 2;

}

free img( (void**)visit );



void Segment (
double T, int num pixel min,
unsigned char **img,
unsigned int **seq,
int width, int height,
int* ptr num connect set) {
for (intl6 t 1=0; i < height; i++) {
memset (seg[i], 0, width*sizeof (unsigned int));
}
int32 t size list = 256;
int* list num pixel = (int*) malloc(size list*sizeof (int));
int num connect set all = 0;
struct pixel s;
for (intl6 t i=0; i<height; i++) {
for (intl6 _t j=0; j<width; j++) {
if (segli] [J] == 0) {
if (num connect set all >= size list) {
size list <<= 1;
list num pixel =
(int*) realloc(list num pixel,
size list*sizeof (int));
}
s = (struct pixel){.m = i, .n = Jj};
num connect set all++;
ConnectedSet (s, T, img, width, height,
num connect set all, seg,

list num pixel+ (num connect set all-1));

}
*ptr num connect set = 0;
printf ("num connect set all:%d\n", num connect set all);
intlé t* list class label

= (intl6 t*) malloc (num connect set all*sizeof (intl6 t));
memset (list class label, 0, num connect set all*sizeof (intl6 t));
for (int32 t i=0; i<num connect set all; i++) {

if (list num pixel[i] > num pixel min) {

(*ptr num connect set) ++;

list class label[i] = (*ptr num connect set);






C codes for solutions

solution to section 1: soln_1.c
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solution to section 2: soln 2.c
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Python codes for visualizations

visualization to section 2: vis_2.py

import sys

from os.path import dirname

sys.path.insert (0, dirname (dirname( file )))
import numpy as np

from numpy import concatenate, ones

from numpy.random import rand, seed

from PIL import Image

import matplotlib.pyplot as plt

from matplotlib.colors import ListedColormap

def set colormap(x: np.ndarray, T: int, state: int = 314)

—-> None:

N = np.max(x)+1 # number of region: connected set + background

seed (state)

cmap = concatenate((rand(N, 3), ones((N, 1))), axis=-1)

cmap = ListedColormap (cmap)
plt.imshow (x, cmap=cmap, interpolation='none')

plt.colorbar ()

plt.title(r"$T=S${}: {} connected sets contain over 100 pixels"

.format (T, N-1))

if name == " main ":
for T, index in list(zip([1, 2, 3], ['a', 'b', 'c'])):
path in = "result/fig 2 1" + index + ".tif"

path out = "result/fig 2 1" + index + ".png"
x = np.array (Image.open(path in))

set colormap (x, T)

plt.savefig(path out, bbox inches='tight')
plt.show ()
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