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b T o La

C#include <iostream=

#include <opencv2/opency.hpp>
#include <vector>

ginclude <string>

#Finclude =ssiream=

#include <limits>

ginclude <algorithm=

Fusing namespace cv;

Lusing namespace std;

float center_u_pos = -7T76.8803716;
+loat center_v_pos = 533.857198;

int center_s = 512;

int center_t = 256;

cv::Mat 1f_img arr(17, 17,6 CV_32FC2]);

std::vector<cv::Mat> UV_arr ST images: // a vecter of the images in sequential order; accessing requires finding which index based on —> row index *= (1Lf_img_arr.cols) + col index

/{ Tom and col of UW_arr ST images; 7, S row and column of that -image
gcv: :Vec3b get_pixel Od{int row, int col, int t, int s) {
cv::Mat current_image = UV_arr ST _images[row # 1f_img arr.cols + coll; // accesses current UV image at [row][col]

return current_image.at<ecv::Vec3b=(t, s); /f returns the pixel located at (s, ) —= (x, y) in the UV array of ST images defined by Tow, col input

}

Hfloat calc_distance(float x1, float yl, float x2, float y2) {
v return sqri({x2 - x1) * (x2 - x1) + (y2 — y1) » (y2 — y1));
}

f/ create micro images with aperture
mev: :Mat micro_image(int s, int t, float center_x, float center_y, int aperture_radius) {

+ float current_distance = 8;
gf for (int 1 = 8; i < 1f_img_arr.rows; i++) { /{ this iterates through the 1Tx17 images

= 5 for (int j = 8; j < ¥ _img_arr.cols; j++) 1
' current_distance = calc_distance(lf_img arr.at<Vec2f=(i,6 jI[0], Lf_img_arr.at<Vec2f>(i, jI[1], center_x, cemnter_y);

] ] /f get st wvalue at pixel locatiom in iteration and assign it to the 17x17 current_img
: | f \  current_img.at<Vec3b>(i, j) = get_pixel_#d{i, j, t, s);

E
}

. return current_img;

mint main(int argc, chars argv[]) {

Flddddd bk d kb kb dd ik dbddddtis | DAD IMAGES —— START —— #adddsdidbddidiiddddddtdbnddirdadtddndthrtndidbddthrdadiddddthrdrabadiddtsd

. {/f parse all images
i std::cout << "Leading light field ..." << std::endl;
: std::vector=<cv::5tring> ¥ _imgs; // vector that stores the filepaths for all the light field images

Bl ¥or (cv::String cv_str : Uf imgs) { // iterates through all the filepath strings in the vector L _imgs
: I [/ pet the filepath
' std::string filepath{ev_str): // assigns the current iteration string to the string variable filepath

=t ] if (pos I= std::string::npos) { /[ checks to verify that at least one instance of \\ separator was Ffound
i E i ff replace: "_* with ™ *

- E ! pos = B;

EL ; ] while ((pos = filename.find("_", pos)) != std::string::npos) { // replaces all

| : filename.replace(pos, 1, " ");

pos++;

¥ L]

characters with "

SR
: ] . J// parse faor values

' \  std::istringstream ss(filename); // creates a string stream variable, ss:
. . '+ std::string name;
! ! ¢+ int row, col;
{11 float v, u;
| : : S5 >> name >> row >> col >> u >> v; /{ assigns tohkens to variables in sequential order; name, row, col, ¥, u
B¢ if (ss.good()) {

' | ' cv::Mat current_image = cv::imread(filepath);

W_arr_ST_images.push_back({current_image);
. ! _ . L¥F_img_arr.at<cv::Vec2f>(row, col)[8] = u; // stores v as first element
: 5 ] ' 1f_img_arr.at<cv::VecZf>(row, coll[1] = v; // stores u as second element
' + continue; {{ skips the rest of the code in the for Lloop, so doesn't abort

}

: : J/ throw error otherwise (if (pos == npos))

i E std::cerr << "Filepath error with : " << filepath << std::endl;

: : std: :cerr << "Expected in the form : [prefix]/[name]_[row]_[coll_[v]_[u][sufFix]"™;
i ! abort(); J/f forcefully terminates the program

S

i std: :cout << "Finished leading light field" << std::endl;

jf*t*rtiti*tt*t*rtt*t*tttjir*t LOAD THAGES —— END —— ##adddadtrebtedddddrdrd kit ddrt ittt dddrddthbadtdddrtrtbiedddertdedbdbedddd

' J/ test get_pixel 4d() function CORE RESULTS
| cvi:Vecdb test_pixel = get_pixel_H4d4(7,6 18, 384  Te8):

' std::cout << "Blue: " << static_cast<int>(test_pixel[8]) << std::endl:
std::cout << "Green: " << static_cast<int>{test_pixel[1]) << std::endl;
std::cout << "Red: " << static cast<int>(test_pixel[2]) =< std::endl;

RO

ff*t*r*ii**tt*t*rtt*t*tt*:*r*t BOERTURE — START — Fddddidddddddddddtdidddriddddddiddrdbbdddddtdratbeddddttadhbeddditdedddhddd

/) vector store all wmicro images with
std: :vector=cv::Mat> all _micro_images_arr_r 75;

std::vector<cv::Mat> all_micro_images_arr_r 48’

=. for (int t = 285; t < 385; t++) {
e: ¢+ For (int 5 = 778; s < B78; s++) {

] ] . all_micro_images_arr_r_75.push_back(micro_image(s, t, center_u_pos, center_v_pos, 75));
. . all_micro_images_arr_r_H48.push_back(micro_image(s, t, center_u_pos, center_v_pos, 48));
JI
}

cout << "fipnished loading all micro images into both vectors" << endl;

{f create 1788x1788 image of all micro images radius = 76
cv::Mat big matrix_r_75(1788, 1788, CV_BUC3, cv::Scalar(8, 8, 8]));
cv::Mat big_matrix_r 4a(l7ee, 1788, CV_BUC3, cv::Scalar(B, 8, 8));

int micro_image_index = @;
float col_index = 8
float row_index = 8;

cout << "col_index: " << col_index =< endl;
cout << "row_inxex: " << row_index =< endl;

cout << "all micro images size: " << all_micro_images_arr_r_75.size() << endl:

for (int i = 8; i < 18888; i++) {
. if (col_index — 17688) {
col_index = 8;

row_index += 17;

—

¥
all_micro_images_arr_r T75[i].copyTo(big_matrix_r 75(cv::Rect{col_index, row_index, 17, 17))):
all_micro_images_arr_r 48[i].copyTo({big watrix_r 48(cv::Rect(col_index, row_index, 17, 17}]);

col_index += 17;

cv::imshow("big matrix r_ 75", big matrix r 75);
cv::waitHey(8];

cv::imshow("big_matrxi_r 48", big matrix_r 48);
cv::waitey(8);

J itk isdhkikiidirisdkikdiatzisnr APERTURE —— END —— siiigddididddidmdiidididtinddtddididdpidtddidiidniddddididdbiiddiidttdinds
Sl Ekd ki kR ik kb hhkikrittdtid FOCUS —— START —— #adddidddddidadhEiddddEadabhdt it it bhitidditdidhiaddsttdabhbdaiattdaitdd

int aperture_radius = 35: // can alter this value for varying aperture size
fleat alpha = 1.85; /! can alter this value for varying virtual focus distance (plane)

f/ results image
cv::Mat focus_result_image 1(512, 1824 CV_BUC3, cv::Scalar(8, 8, B8));

int norm_s_prime = 8:
int norm_t_prime = 8:

float norm_u_pos = 8.8;
float morm_v_pos = 8.8;

int light_ray_sum_b

int light_ray_sum_g
int light_ray_sum_r

float valid_ray count = 1.B; // initialized to 1 to prewent division by zero error

[/ iterate through ever s' t' value
for (int t_prime = -256; t_prime < 256; t_prime++) {
for (int s_prime = -512; s_prime < 512; s_prime++) {
' f/ normalize s' £' position
int norm_t_prime
int norm_s_prime

——

t_prime;
s_prime’

_ . ff dterate through all UV images (17x17)
@f . | for (int v_row = B; v_row < 17; v_row++) {
= ! ] + #or (int u_col = 8; u_col < 17; u_col++) {

' ] : : 1 // get uv position of current v_row, u_col uv image
fleat u_pos = 1f_img arr.at<cv::Vec2f>(v_row, u_coll[8];
float v_pos = Lf_img_arr.at<cv::Vec2f>(v_row, u_coll[1];
// nmormalize uv position for current v_row, u_col uv image
norm_u_pos = u_pos — center_u_pos;
norm_v_pos = v_pos — center_v_pos;

f/ 1f current_norm.-uv is within aperture radius
if (calc_distance(norm_v_pos, norm_u_pos, B.8, 8.8) == aperture_radius) {

(]

I this will find the proper s, t value within the current uv image being analyzed
float s = norm_v_pos + (alpha *# norm_s_prime - norm_v_pos) / alpha;
float t = norm_u_pos + (alpha * norm_t_prime — norm_u_pos) / alpha;

[/ store the pixel at s, t in the current u, v image in the iteration
cv::Mat current_image — UV_arr_ST_images[v_row # Lf_img_arr.cols + u_col];

[/ offset the normalization so can locate s and T on current image
float remap_s = s + center_s;
float remap_t = t + center_t;

B {0 i i i [ff this is to enable the code to run
; f ] E : i S/ the s and t values are growing outside the range of 182Ux512 —> (columns % rows)
B0 i 4 i 1 if (remap_s > 1823) {
i ! i ; : . remap_s = 1823;
. : - ; : 1
B ¢ . . ¢ i @lse if (remap_s < 8) {
v SR R remap_s = 8;

}

HE : ] é ! . if (remap_t > 511} {
AR ' remap_t = 511;
] ! . . A
= : ; ] ] . else if (remap_t < @) {
' ' ] ] ; ' . remap_t = 8;
1

cv::Vec3b current_light_ray = current_image.at<cv::Vec3b=(remap_t, remap_s);

{/ add found Light ray value to culusative sum wariable —-> light ray sum
float temp_blue = current_light_ray([8];

float temp_green = current_light_ray([1];

float temp_red = current_light_ray[2];

light_ray sum_ b += temp_blue;
light_ray_sum_g += temp_green;
light_ray_sum_r += temp_red:

f/ increment valid_ray_count by 1
valid_ray_count++;

}

/f find average color value for b, g, T

float result_blue = light_ray_sum_b / valid_ray_count;
float result_green = light_ray sum_g / valid_ray count;
float result_red = light_ray_sum_r / valid_ray_count;
[/ update result_ image at current s' t' iteration position with foiind result_pixel
cv::Vec3b result_pixel(result_blue, result_green,K result_red);
focus_result_image_l.at<cv::Vec3b>({t_prime + center_t, s_prime + center_s) = result_pixel;

J/ Zero out all walues so can 1terate again
light_ray_sum_b
light_ray_sum_g = 8;
light_ray sum r =

1
o)

H
[

valid_ray_count /! set to 1 intead of 8 to account for division by Zero error

1
cv::imshow("completion/challenge result", focus_result_image 1) ;

cv::maitKey();

Sl ek k kAR Ak kkxk kxR i ik Ed FOCUS —— END —— #ikdaddiddiiikidididd i it it kit i it dd ikt it s it iindddit itttk hhdddnadint

return 8;

Bl ] f if (current distance == aperture radius) { // checks if the distance of the UV image is within the radius from the given center point

] ev::gleb("C: /Users/ryanh/OneDrive/Documents/VUW/CGRA 352/Assignments/CGRA_352_A1/CGRA_352_Al/light_ray_images" K6 ¥ _imgs); // ingests the Ffilepaths of each light field
size_t pos = filepath.find_last_of("/\\"]); [/ stores the last instance of \\ (for windwos) to identify where the end of the filepath is
std::string filename = filepath.substr{pos + 1); // extracts the filename from the filepath and storss it in string filepath variable

character I1_2-3.:png -=1 2:-3.png

makes it easy to assign variables to tokens using == operator

[/ then calculate L{u,v,s t) to get pixel’s (b, g,r) value (Vec3b) based on current s' t' value and the given alpha value

E cv::Mat current_img = cv::Mat::zeros({17, 17, CV_BUC3); f/ initialize the current micro image to all zeros, so if is within aperture radius will get filled with current pixel

image



