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ABSTRACT

During this time, people all over the world become much more aware of the
energy saving. One of many ways to save energy is to use the knowledge about the
nature, which has been developed for quite a long time in other countries. Although the
result isn't quite satisfactory, it at least is one of many ways that helps saving energy. For
Thailand, very few groups of people are thinking about bringing the knowledge about
the nature to be developed and applied. This project is the development of computer's
program which is used for calculating the position of the sun at any time in order to
study the shape of the shadow of the sunlight and to make a model! of its shapes which
will be resulted on the computer’s screen. Moreover, this method can be applied to

develop the construction's designing and to other fields later.
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2.1 pouduiusaassumisanadingdiulan (Sun Positions in Relation To the Earth )

winasvaslansaunnefingifiugodfeflsryznssninqaauinatavivany
Uszns 5 X 1.8°Km (9.3 X 10" miles) 517 2.1 uamsaaudniusuaamiumisnaeanfimeg
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Winter solstice
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Fall equinox
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U7 2.2 ugmAnudniusuazuanssiumiaaaduaniasia (Arctic Circle) uas

WuuaumsAAA (Antarctic Circle)

g wmnifandewunlandatuilsfurinasmadinmaado i isnas@negu

q

o

d‘l/ ' @l o &8 v Gy [ t - & ar o ar all
WUFIUFN wmmumuﬂm‘lmLﬂummﬁuwuﬁ?:mNmmfmmnum‘[aﬂmgﬂw 2.3 g

-

Auunian P luganaguuialan



St et T

o

- e wm

-

-—

-

P

oy

o — W TR S

‘aziqe (Latitude) L A yuanszwiLidugulgmsiioan P azfiqn (Latitude) fiae]

U

]

wileidugutignsasinmaifldufuuen angi 2.3 azAqaziluuszudtadu op
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717 2.3 uamednuzeY Latitude L, Hour angle, Declination &
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3 Declination & Aideslumadalanmiladidniuman angU 2.3 a1 Declination & i
NuszuhduINqaguinatatan fuypAudna s indnssinfu At e ady
ﬁum:mmé’u@uﬂ'@m AU 2.2 Avainasm Declination AxEiAnFaus 0° Tuna g

(TuRinateduminiunawAy) e + 23.5° Tung¥eu (uhawenfindetindlaniian) uas
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d =23.45sin
. : 365

e n s nuiule 1 1
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TngAunnnsa @1 Declination ANRIRABAYIATL

{Sechnation, & {deg)

Menth

7171 2.4 uamrnvau Declination O nasavial]

Hour Angle h A8 3u7eudeqnla 9 uwduuasiuianisasnsenindindaniu
21171 2.3 Hour angle 18990 P fte sufidnannidulnsiandiy OP Luszun LU ueigas i
LﬁuTWTL@ﬂ'fuﬂmL&’umu@uﬁnmwzwd'm‘[ﬂnﬁumqmﬁmﬂ'uu?:muLé’u@uﬁqm T .
Solar Noon 1eusinziafiuaziisn Hour Angle Wi uazamMTAlanuureLAa el
a7 24 G2l wazvalUhuguwingy 360° wazaiiy 1 ‘n;qummTﬂn@:mJ‘u‘lﬂLﬂu:gu
15° 489a8379 (Longtitude) daulumow inaiazimmalian Hour Angle fAniuuan
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1. Zenith angle Z AR yNsswinidavanfindnssyinluuams wisenluaan

2. Altitude angle O fin yuszndnAne PRz luiua e hien
ANANWUTTZUIN Zenith angle iU Altitude angle LTLs3

Z+a=%=90° (2-3)

3. Azimuth angle ¢ Aa yN18vFA AnenfindRInanAAlF LN Rirnzumnly
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cosZ =sina =sin Lsin d + cos L cosd cosh (“2,-4)
sinh

sin ¢ = cosd (2-5)
cosa
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1. Tilt angle S A YNITWINRURAALIZUALILLIUAL

2. Surface angle Y An yuseudradusivaniuuiaiuialsidaluunszdulned
o 4 o - o
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3. Incident angle 1 Ag YNNI AANaWRETLEURARINALRY Srufiany

srunLsEAUwiLiuas1Ad13m Incident angle T uazyu Zenith angle Z aziyinfiy
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incident angle I
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cosi = sin Lsin & coss — cosLsin & sin scosy + cos L cosd cosh coss
+sin L cos & coshsin s cosy + cos & sinh sin ssin i (2-6)
o e A a o - o o v, Y
AMFURURNAT L AgaTUsS I LMRTTA LR A1 S =0 waz 1= Z andu
ANNNIN (2-6) AzangUAY MABAIANNIT (2-4)
guiuiuiaAdszuu  luuimswslfdn s = 90° unaluannITh (2-6)

cosi = —cosLsin & cosy +sin L cos§ coshcosy +cosdsinh siny (2-7)

dusunufian@aaianh idnadaldudnlanuile azlddn W = 0° ezl

AN (2-6) angllaavase
cosi = sin Lsin 5 coss —cos Lsin  sin s + cos L cos & cosh coss

+sin Lcosd coshsin s (2-8)

= sin(L - s)sin § + cos(L — s) cos § cosh

g Banimiilneirwialudnlanlfaclsidn W = 180° aunaah

(2-6) azangaavae

cosi = sin(L + s)sin & + cos(L + s5) cos § cosh (2-9)
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et luusiardu uaziuua i Hour angle maunwsza el

uh, (& =0)ngain
AUNNIT (2-4) alddn

sina =sin0=0=sin Lsin & +cosLcosd cosh,

WDz
cosh, =-tanLtand

(2-10)

dl [ dll a « - (=3 Cd 1
e h, LﬂumnLN@WT:mwmmmmmtumLﬂu@uﬂ 4. Solar noon UBY WA

v = afdo = , caaX Y 5 A
NBINU U8 15° UNA8NRAn (Longtitude) Winriu 1 69114 1naNase iRt iuuazmnann

AWML Solar noon WARZYIANRUANIsau FaINn

l—ls-cos" (—tan L tan &) e gl

wazANe luusa s ldann

—%cos" (—tanLtand) daenthudalua (2-11)

2.2 msm’wqm’luﬁmmm (Reckoning Of Time)

TumsAuanaienfunswfireenasanfine (Solar radiation) 13191 Solar time
hasfauaminanaasiu e Solar ime WiuguiumsAnmyumsAdauives
ARaIRn AInad e gau Solar noon aziua fiaeinemnE &L meridian
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(Standard Time) Phusasidainnisiaanidu meridian ( (duananndalanmiielldada-
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Solar.c

#include <windows.h>
#include <gi\gl.h>
#include <gi\glu.h>
#include <gl\glaux.h>
#include <math.h>

#include "resource.h”

{/set color
#define gIRGB(x, y, z) glColor3ub((GLubyte)x, (GLubyte)y, (GLubyte)z)

//Define a constant for the value of PI

#define pi 3.1415f

/I Color Palette handle
HPALETTE hPalette = NULL;

/I Application name and instance storeage
static LPCTSTR IpszAppName = "Solar";
static HINSTANCE hinstance;

/I Get value and set vaiue
unsigned int Day = 0;
unsigned int Month =0 ;
unsigned int Hour = 0;

unsigned int Min = 0;
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/I Get direction of shading device and build pyramid

BOOL North, South ,West ,East, Pyramid;

/I Set ground location on axis Y

GLfloat y = -30.0f;

/I Rotation
static GLfloat yRot = 0.0f;

/I Light values and coordinates

GLfloat ambientLight[] = { 0.3f, 0.3f, 0.3f, 1.0f };
Glfloat diffuseLight(] = { 0.7f, 0.7f, 0.7f, 1.0f };
Glfloat specularf] = { 1.0f, 1.0f, 1.0f, 1.0f};
Glfloat specref[] = {1.0f, 1.0f, 1.0f, 1.0f };
GLfloat lightPos[4];

//Set direction of shading device

char direction = 'o';

Il Transformation matrix to project shadow

GLfloat shadowMat{4][4], shadowMatDirect[4][4];

// Declaration for Window procedure

LRESULT CALLBACK WndProc{ HWND hWnd,
UINT message,
WPARAM wParam,

LPARAM [Param);



// Dialog Procedure for Time box

BOOL APIENTRY TimeDIgProc (HWND hDIg, UINT message, UINT wParam, LONG

[Param);

// Dialog procedure for about box

BOOL APIENTRY AboutDigProc (HWND hDIg, UINT message, UINT wParam, LONG

IParam);

// Set Pixel Format function - forward declaration

void SetDCPixelFormat(HDC hDC);

// Calculate Light Position
void CalLightPos(GLfloat light[4]).

{
int month1[13]={0,31,28,31,30,31,30,31,31,30,31,30,31};

int date, month, i, check,n ,total_min;
float Latitude, n1, time;

float declination, hourangle, aititude, azimuth, radian;

//Set date month and calculate time total_minute
date = Day;

month = Month;

time = (float)(Hour + (Min/60.0f));

total_min = (Hour*60) + Min:

//Setn=0

n=0;
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/I Calculate Latitude and Uint is radian

Latitude = 14.0f*pi/180.0f;

/[Calculate the number of day in year
for(i=1:i<month;i++)
n+= month1[i];

= n+date;

/[Store n into check

check=n;

/[Calculate the Radian
radian = (284.0f+n) * 2.0f * pi / 365.0f;

/I Calculate the Declination and Unitt is degree

declination = 23.45f*(float)sin(radian);

/I Change unit from degree to radian

declination = declination * pi/180.0f;

//Calculate the Hour angle

n1 = 0.25f * (time-12.0f) * 60.0f;

// Change unit from degree to radian

hourangle = n1 * pi/ 180.0f;
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// Calculate Altitude and Azimuth angle and unit is radian
altitude = (float)asin( ( sin(Latitude) * sin(declination) ) + ( cos(Latitude) * cos
(declination) * cos(hourangle) ) );

azimuth = (float)asin( cos(declination) * ( sin(hourangle) / cos(altitude) ) );

{// Change unit from radian to degree
altitude = altitude*180.0f/(pi);
azimuth = azimuth*180.0f/(pi);

Il Set Positive angle
if ((total_min) > 720.0)

azimuth =azimuth;

/* e (01JAN-21MAR) & (21SEP-31DEC) #kitHit */
else if { (check<81.0)||(check>263.0) )

azimuth = 360.0f + azimuth;

[* HHHHHEHEHRAR R (24APR-18AUG) HHEHEHHHHEHHHEHE */
else if ( (check>113.0)&&{check<231.0) )

azimuth = 180.0f-azimuth;

I* $EHEEERR (22MAR-23APR) & (19AUG-20SEP) #HHHEHHHHE */
else if ( (check>=81.0)&&(check<=113.0) || (check>=231.0)&&(check<=263.0) )
{
switch{check)
{

case 81:
if (total_min>361)
azimuth = 360.0f+azimuth;

else  azimuth = 180.0f-azimuth;
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break;

case 82:

if (total_min>368)

else

break;

case 83:

azimuth = 360.0f+azimuth;

azimuth = 180.0f-azimuth;

if (total_min > 374)

else

break;

case 84:

azimuth = 360.0f+azimuth;

azimuth = 180.0f-azimuth;

if (total_min > 381)

else

break;

case 85:

azimuth = 360.0f+azimuth;

azimuth = 180.0f-azimuth;

if (total_min > 387)

else

break;

azimuth = 360.0f+azimuth;

azimuth = 180.0f-azimuth;
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case 86:
if (total_min > 394)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case 87:
if (total_min > 400)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case 88:
if (total_min>407)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case 89:
if (total_min > 413)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case 90:

if (total_min > 420)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case 91:
if (total_min > 427)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case 92:
if (total_min > 433)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case 93:
if (total_min > 440)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case 94:
if (total_min > 447)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case 95:
if (total_min > 454)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case 96:
if (total_min > 461)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case 97:
if (total_min > 468)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

40



T e m bmwenesy

e

case 98:
if (total_min > 475)
azimuth = 360+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case 99:
if (total_min > 482)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

brezak;

case 100:
if (total_min > 489)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case 101:
if (total_min > 497)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;
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case 102
if (total_min > 504)

azimuth = 360.0f+azimuth;

else

azimuth = 180.0f-azimuth;

break;

case 103:
if (total_min > 512)

azimuth = 360.0f+azimuth;

else

azimuth = 180.0f-azimuth;

break;

case 104:
if (total_min > 520)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case 105:

if (total_min > 528)

azimuth = 360.0f+azimuth;

else

azimuth = 180.0f-azimuth;

break;
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case 106:
if (total_min > 536)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (107):
if (total_min > 545)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (108):
if (total_min > 554)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (109):
if (total_min > 563)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (110):
if (total_min > 573)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (111):
if (total_min > 583)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (112):
if (total_min > 593)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (113):
if (total_min > 605)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (263):
if (total_min>361)
azimuth = 360.0f+azimuth;
.else
azimuth = 180.0f-azimuth;

break;

case (262):
if (total_min>368)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case (261):
if (total_min > 374)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (260):
if (total_min > 381)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (259):
if (total_min > 387)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (258):
if (total_min > 394)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (257):
if (total_min > 400)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (256):
if (total_min>407)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (255):
if (total_min > 413)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (254):
if (total_min > 420)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (253):
if (total_min > 427)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (252):
if (total_min > 433)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (251):
if (total_min > 440)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (250):
if (total_min > 447)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (249):
if (total_min >.454)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (248):
if (total_min > 461)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (247):
if (total_min > 468)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (246):
if (total_min > 475)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break:

case (245):
if (total_min > 482)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (244):
if (total_min > 489)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (243):
if (total_min > 497)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (242):
if (total_min > 504)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (241):
if (total_min > 512)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (240):
if (total_min > 520)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (239):
if (total_min > 528)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case (238):
if (total_min > 536)
azimuth = 360.0f+azimuth;
else

azimuth = 180.0f-azimuth;

break;

case (237):
if (total_min > 545)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break:

case (236):
if (total_min > 554)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (235):
if (total_min > 563)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (234):
if (total_min > 573)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (233):
if (total_min > 583)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

case (232):
if (total_min > 593)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;
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case (231):
if (total_min > 605)
azimuth = 360.0f+azimuth;
else
azimuth = 180.0f-azimuth;

break;

} I* #it# END SWITCH ##t */

/f Change unit from degree to radian
altitude = altitude*pi/180.0f;

azimuth = azimuth*pi/180.0f;

/I Calculate the Light position

light[0] = -250.0f * (float)(cos(altitude) * cos(azimuth));
light[1] = 250.0f * (float)sin(altitude);

light[2] = -250.0f * (float)(cos(altitude) * sin(azimuth));
light[3] = 0.0f:

/I Reduces a normal vector specified as a set of three coordinates
// to a unit normal vector of length one.

void ReduceToUnit(float vector{3])

{
float length;
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/I Calculate the length of the vector
length = (float)sgrt((vector{0]*vector[0]) +
(vector{1]*vector{1]) +

(vector[2]*vector[2]));

/I Keep the program from blowing up by providing an exceptable

/I value for vectors that may calculated too close to zero.
if(length == 0.0f)
length = 1.0f;

I D{viding each element by the length will result in a
/I unit normal vector.

vector{0] /= length;

vector[1] /= length;

vector{2] /= length;

}

/ Points p1, p2, & p3 specified in counter clock-wise order

void calcNormal(float v{3][3], float out[3])

{

float v1[3],v2[3];
static constintx = 0;
static constinty =1;

static constintz = 2;

/I Calculate two vectors from the three points
vix] = v[0][x] - v[1][x];
vilyl = v{0]lyl - vi1lly;
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vi{z] = v[0l[z] - v[1][z];
v2[x] = v[1][x] - v[2][x];
v2ly] = v[1]lyl - v[2]ly};
v2(z] = v[1][z] - v[2](z];

Il Take the cross product of the two vectors to get

// the normal vector which will be stored in out
out{x] = vi[yl*v2[z] - vi[z]*v2ly];
outly] = v1[z]*v2[x] - v1[x]*v2[z];
out(z] = v1[xI*v2[y] - vi[yl*v2[x];

/I Normalize the vector (shorten length to one)
ReduceToUnit(out);
}

Il Creates a shadow projection matrix out of the plane equation

/I coefficients and the position of the light. The return value is stored.

//'in destMat[ ][ ]

void MakeShadowMatrix(GLfloat points[3][3], GLfloat lightPos[4], GLfloat destMat[4][4])

{
GLfloat planeCoeff[4];

GLfloat dot;

/I Find the plane equation coefficients
/I Find the first three coefficients the same-way we
/l find a normal.

calcNormal(points,planeCoeff);
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// Find the last coefficient by back substitutions

planeCoeff[3] = - (

(planeCoeff[0]*points[2][0]) + (planeCoeff{1]*points[2][1]) +

(planeCoeff[2]*points[2][2]));

/I Dot product of plane and light position

dot = planeCoeff[0] * lightPos[0] +
planeCoeff[1] * lightPos[1] +
planeCoeff[2] * lightPos[2] +
planeCoeff[3] * lightPos[3];

// Now do the projection

/I First column

destMat[0][0] = dot - lightPos[0] * planeCoeff[0];
destMat[1][0] = 0.0f - lightPos[0] * planeCoeff[1];
destMat[2][0] = 0.0f - lightPos[0] * planeCoeff[2];
destMat[3][0] = 0.0f - lightPos[0] * planeCoeff[3];

// Second column

destMat[0][1] = 0.0f - lightPos[1] * planeCoeff{0];
destMat[1][1] = dot - lightPos[1] * planeCoeff[1];
destMat[2][1] = 0.0f - lightPos[1] * planeCoeff[2];
destMat(3][1] = 0.0f - lightPos[1] * planeCoeff[3];

/[ Third Column
destMat{0][2] = 0.0f - lightPos[2] * planeCoeff[0];
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destMat[1][2] = 0.0f - lightPos[2] * planeCoeff[1];
destMat[2][2] = dot - lightPos[2] * planeCoeff[2];
destMat[3][2] = 0.0f - lightPos[2] * planeCoeff[3];

// Fourth Column

destMat[0][3] = 0.0f - lightPos[3] * planeCoeff[0];
destMat{1][3] = 0.0f - lightPos[3] * planeCoeff[1];
destMat(2][3] = 0.0f - lightPos[3] * planeCoeff[2];
destMat[3][3] = dot - lightPos[3] * planeCoeff[3];
}

/I Change viewing volume and viewport. Called when window is resized

void ChangeSize(GLsizei w, GLsizei h)

{
GlLfloat nRange = 200.0f;

/I Prevent a divide by zero
ifth == 0)
h=1,

I Set Viewport to window dimensions

glViewport(0, 0, w, h);

/I Reset projection matrix stack
giMatrixMode(GL_PROJECTION);
glLoadldentity();
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/[Establish clipping volume (left, right, bottom, top, near, far)
if (w<=h)
glOrtho (-nRange, nRange, -nRange*h/w, nRange*h/w, -nRange,
nRange);
else
glOrtho (-nRange*w/h, nRange*w/h, -nRange, nRange, -nRange,

nRange);

/! Reset Model view matrix stack

giMatrixMode(GL_MODELVIEW);
glLoadldentity();

// Change view angle
glRotatef(30.0f, 1.0f, 0.0f, 0.0f);
glRotatef(330.0f, 0.0f, 1.0f, 0.0f);

/I This function does any needed initialization on the rendering
/I context.
void SetupRC()

{

//Build shadow

/I Any three points on the ground (counter clockwise order)
GLfloat points[3][3] = {{ -30.0f, y+0.01f, -20.0f },

{ -30.0f, y+0.01f, 20.0f },

{ 40.0f, y+0.01f, 20.0f }};
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// Any three point on north cube

Glfloat pointsN[3][3] = {{ 30.01f, 10.0f, 10.0f },
{30.01f, 0.0f, 10.0f },
{30.01f, 0.0f, -10.0f }};

// Any three point on south cube
GLfloat pointsS[3](3] = {{ -30.01f, 10.0f, 10.0f },
{ -30.01f, 10.0f, 0.0f },

%

{-30.01f, 0.0f, 0.0f }}:

/I Any three point on east cube

GLfloat pointsE[3][3] = {{ 10.0f, 10.0f, 30.01f },
{ -10.0f, 10.0f, 30.01f },
{ -10.0f, 0.0f, 30.01f }};

/I Any three point on west cube

GLfloat pointsW(3][3] = {{ 10.0f, 10.0f, -30.01f },
{ 10.0f, -10.0f, -30.01f },
{ 0.0f, -10.0f, -30.01f }};

/[Calculate light position

CalLightPos(lightPos);

glEnable(GL_DEPTH_TEST); // Hidden surface removal
giEnable(GL_CULL_FACE); // Do not calculate inside of cube
glFrontFace(GL_CCW); /I Counter clock-wise polygons face out
glEnable(GL_LIGHTING); // Enable lighting

// Setup and enable light 0
gliLightfv(GL_LIGHTO,GL_AMBIENT,ambientLight);
glLightfv(GL_LIGHTO0,GL_DIFFUSE,diffuseLight);
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glLightfv(GL_LIGHTO,GL_SPECULAR, specular);
giLightfv(GL_LIGHTO0,GL_POSITION lightPos);

glEnable(GL_LIGHTO);

glEnable(GL_COLOR_MATERIAL);  // Enable Material color tracking
/I Front material ambient and diffuse colors track giColor

glColorMaterial(GL_FRONT,GL_AMBIENT_AND_DIFFUSE);

II' All materials hereafter have full specular reflectivity
/I with a high shine

giMateriatfv(GL_FRONT, GL_SPECULAR,specref);
glIMateriali(GL_FRONT,GL_SHININESS, 128);

/l Black background
glClearColor(0.0f, 0.0f, 0.0f, 1.0f ):

/I Calculate projection matrix to draw shadow on the ground

MakeShadowMatrix(points, lightPos, shadowMat);

//Calculate projection matrix to draw shadow on the direction of cube
switch(direction)
{
case 'N":
/I Calculate projection matrix to draw shadow on the north cube
MakeShadowMatrix(pointsN, lightPos, shadowMatDirect):

break;

case 'S"
/I Calculate projection matrix to draw shadow on the south cube
MakeShadowMatrix(pointsS, lightPos, shadowMatDirect);

break;
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case 'E"
/I Calculate projection matrix to draw shadow on the east cube
MakeShadowMatrix(pointsE, lightPos, shadowMatDirect);

break;

case 'W"
// Calculate projection matrix to draw shadow on the west cube
MakeShadowMatrix(pointsW, lightPos, shadowMatDirect):
break;
defauit:

return;

/I This function just specifically draws the cube

void Draw(BOOL bShadow)
{

float normal(3];// Storage for calculated surface normal

/I Set to black for the shadow once
if(lbShadow)
//Set colour is red
gIRGB(255, 0, 0):
else
/ISet colour is black

glRGB(0,0,0);
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// Call only once for all remaining points

glBegin(GL_QUADS);

{

// Vertices for Front panel

float v{4][3] = {{ -30.0f, 30.0f, 30.0f},
{ -30.0f, -30.0f, 30.0f},
{ 30.0f, -30.0f, 30.0f},
{30.0f,30.0f,30.0f}};

/I Calculate the normal for the plane

calcNormal(v,normal);

/I Draw the quadrangle using the plane normal

/I for all the vertices
//gIBegin(GL_QUADS);
gINormal3fv(normal);

glVertex3fv(v{0]);
giVertex3fv(v[1]);
glVertex3fv(v(2]);
giVertex3fv(v(3]);

/1gIEnd();

}

{

/I Vertices for Back panel
float v{4][3] = {{ -30.0f, 30.0f, -30.0f},
{"30.0f, 30.0f, -30.0f},
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{ 30.0f, -30.0f, -30.0f},
{-30.0f,-30.0f,-30.0f}};

// Calculate the normal for the plane

calcNormal(v,normal);

// Draw the quadrangle using the plane normal
// for all the vertices
/IgiBegin(GL_QUADS);

giNormal3fv(normal);

giVertex3fv(v{0]);
glVertex3fv(v[1]);
glVertex3fv(v(2]);
glVertex3fv(v[3]):

/1gIEnd();

b

{

/I Vertices for Top panel

float v[4][3] = {{ 30.0f, 30.0f, 30.0f},
{ 30.0f, 30.0f, -30.0f},
{ -30.0f, 30.0f, -30.0f},
{-30.0f,30.01,30.0f}};

/I Calculate the normal for the plane

calcNormal(v,normal):

// Draw the quadrangle using the plane normal

// for all the vertices

//gIBegin(GL_QUADS);
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giNormal3fv(normal);

glVertex3fv(v[0]);
glVertex3fv(v(1]);
glVertex3fv(v[2]);
giVertex3fv(v[3]);

/1glEnd();

}

{

/I Vertices for Bottom panel

float v[4][3] = {{ -30.0f, -30.0f, 30.0f},
{ -30.0f, -30.0f, -30.0f},
{ 30.0f, -30.0f, -30.0f},
{30.0f,-30.0f,30.0f}};

/I Calculate the normal for the plane

calcNormal(v,normal);

/I Draw the quadrangle using the plane normal
/I for all the vertices
/IgIBegin(GL_QUADS);
giNomal3fv(normal);
gliVertex3fv(v[0]);
giVertex3fv(v(1]);
glVertex3fv(v[2]);
gliVertex3fv(v(3]);
I1glEnd();
}
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{
I Vertices for Left panel
float v[4][3] = ({{ 30.0f, -30.0f, 30.0f},

{ 30.0f, -30.0f, -30.0f},
{ 30.0f, 30.0f, -30.0f},
{30.0f,30.0f,30.0f}};

/I Calculate the normal for the plane

calcNormal(v,normal);

/I Draw the quadrangle using the plane normal
/I for all the vertices
//g!Begin(GL_QUADS);
giNormal3fv(normal);
glVertex3fv(v[0]);
giVertex3fv(v{1]);
giVertex3fv(v[2]);
gliVertex3fv(v{3]);
/1gIEnd();
}

Il Vertices for Right panel

float v[4](3] = {{ -30.0f, 30.0f, 30.0f},
{ -30.0f, 30.0f, -30.0f},

-30.0f, -30.0f, -30.0f},

{
{-30.0f,-30.0f,30.0f}};
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/I Calculate the normal for the plane

calcNormal(v,normal);

// Draw the quadrangle using the plane normal
Il for all the vertices
/lgiBegin(GL_QUADS);
glNormal3fv(normal);
glVertex3fv(v{0]);
glVertex3fv(v[1]);
glVertex3fv(v[2]):
glVertex3fv(v{3]);
HglEnd();
}

// Done drawing points

glEnd();

// Draw the pyramid
void DrawPyramid(BOOL bShadow,BOOL Pyramid)

{

float normal[3]; // Storage for calcutated surface normal

I/l Set to black for the shadow once

if(tbShadow)
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//Set colour is red

glRGB(255, 0, 0);
else

//Set colour is black

giRGB(0,0,0);

// Draw the pyramid
if (Pyramid)
{
glBegin(GL_TRIANGLES);
{
/I Vertices for front panel
float v[3](3] = {{ -30.0f, 30.0f, 30.0f},
{ 30.0f, 30.0f, 30.0f},
{ 0.0f, 60.0f, 0.0f}};

/I Calculate the normal for the plane

calcNormal(v,normal);

/I Draw the triangle using the plane normal
I/ for all the vertices
gliNormal3fv(normal);
glVertex3fv(v[0]);
giVertex3fv(v[1]);
glVertex3fv{v(2]);
}
{

/I Vertices for left panel
float v(3][3] = {{ 30.0f, 30.0f, 30.0f},
{ 30.0f, 30.0f, -30.0f},
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{ 0.0f, 60.0f, 0.07}};

// Calculate the normal for the plane

caIcNo‘rmal(v,normal);

/I Draw the triangle using the plane normal

/I for all the vertices

giNormal3fv(normal);

glVertex3fv(v(0]);
giVertex3fv(v[1]);
glVertex3fv(v(2]);
}
{.

/1 Vertices for behind panel

float v(3]{3] = {{ 30.0f, 30.0f, -30.0f},
{ -30.0f, 30.0f, -30.0f},.
{ 0.0f, 60.0f, 0.0f}};

/I Calculate the normal for the plane

calcNormal(v,normal):

/I Draw the triangle using the plane normal

/! for all the vertices

giNormal3fv(normal);
giVertex3fv(v(0]);
glVertex3fv(v{1]);
glVertex3fv(v(2]);
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/I Vertices for right panel

float v(3][3] = {{ -30.0f, 30.0f, -30.0f},
{ -30.0f, 30.0f, 30.0f},
{ 0.0f, 60.0f, 0.0f}};

/I Calculate the normal for the plane

calcNormal(v,normal);

/I Draw the triangle using the plane normal

/I for all the vertices

gINormal3fv(normal);
glVertex3fv(v[0]);
glVertex3fv(v[1]);
giVertex3tv(v[2]);

glEnd();
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// Draw the east

void DrawEast(void)

{

inti;

float z ,normal[3];

/l set colour is Blue

glRGB(0,0,255);

/Il Draw the East
glBegin(GL_QUADS);
{
I Vertices for ground panel
float v{4][3] = {{-10.f ,y+1.0f, 190.0f},
{-0.0f ,y+1.0f, 190.0f},
{ -0.0f ,y+1.0f , 140.0f},
{-10.f ,y+1.0f, 140.0f}}):

/I Calculate the normal for the plane

calcNormal(v,normal);

/I Draw the quadrangle using the plane normal
Il for all the vertices

glNormal3fv(normal):

glVertex3fv(v[0]);

glVertex3fv(v(1]);

glVertex3fv(v(2]);
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glVertex3fv(v[3]);

for (i=0; i<3: i++)

{

// Vertices for ground panel

float v[4][3] = {{10.0f ,y+1.0f, 150.0f+2z},
{ 10.0f ,y+1.0f , 140.0f+z},
{-0.0f ,y+1.0f, 140.0f+2},
{ -0.0f y+1.0f, 150.0f+z}};

/I Calculate the normal for the plane

calcNormal(v,normal);

/l Draw the quadrangle using the plane normal
I for all the vertices
giNomal3fv(normal);
glVertex3fv(v{0]);
glVertex3fv(v{1]);
glVertex3fv(v(2]);
giVertex3fv(v[3]);
z+=20.0f;

glEnd();
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// Draw the Shading Device
void ShadingDevice(BOOL bShadow, char direct)

{

float normal[3];

if (\bShadow)
Il set colour is Red
glRGB(255,0,0);
else
Il set colour is Black

g!RGB(0,0,0);

//Check direction of shading device
switch(direct)
{
// North
case 'N"

{

Il Vertices for north panel

float v[4][3] = {{30.0f,30.0f, 30.0f},
{ 60.0f,30.0f , 30.0f},
{ 60.0f ,30.0f , -30.0f},
{ 30.0f,30.0f , -30.0f}};

/I Calculate the normal for the plane

calcNormai{v,normal);

72



LR,

e ]

ST S,

73

R e
/I Draw the quadrangle using the plane normal
// for all the vertices
glBegin(GL_QUADS);

{

giNormal3fv(normal);

glVertex3fv(v[0]);
giVertex3fv(v(1]);
glVertex3fv(v[2]);
glVertex3fv(v[3]);
g )
glEnd();
}
break;
/I South
case 'S"
{

I Vertices for south panel

float v{4](3] = {{-30.0f ,30.0f, 30.0f},
{ -30.0f,30.0f, -30.0f},
{ -60.0f ,30.0f , -30.0f},
{ -60.0f ,30.0f , 30.0f}};

// Calculate the normal for the plane

calcNormai(v,normali);
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// Draw the quadrangle using the plane normal
/Il for all the vertices
glBegin(GL_QUADS);

{

glNormal3fv(normal);

glVertex3fv(v[0]);
giVertex3fv(v[1]);
giVertex3fv(v[2]);
glVertex3fv(v[3]);
}
glEnd();
}
break;
//East
case 'E"
{

/l Vertices for east panel

float v[4][3] = {{30.0f,30.0f, 30.0f},
{ -30.0f,30.0f , 30.0f},
{ -30.0f ,30.0f, 60.0f},
{ 30.0f ,30.0f , 60.0f}};

Il Calculate the normal for the plane

calcNormal(v,normal);
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// Draw the quadrangle using the plane normal
Il for all the vertices
g/Begin(GL_QUADS);

{

gliNormal3fv(normal);

glVertex3fv(v[0]);
glVertex3fv(v{1]);
giVertex3fv(v{2]);
glVertex3fv{v[3]);
}
glEnd();
}
break;
If\West
_ case 'W"
{

Il Vertices for west panel

float v[4][3] = {{30.0f,30.0f, -30.0f},
{ 30.0f,30.0f , -60.0f},
{-30.0f ,30.0f, -60.0f},
{ -30.0f ,30.0f, -30.0f}};

I Calculate the normal for the plane

calcNormal(v,normat);
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/I Draw the quadrangle using the plane normal

Il for all the vertices

glBegin(GL_QUADS),
{
giNormal3fv(normal);
giVertex3fv(v[0]);
giVertex3fv(v[1]);
glVertex3fv(v[2]);
glVertex3fv(v[3]);

}
glEnd();

break;

default:

return;

/l Called.to draw scene

void RenderScene(void)

{

char direct;

//Check direction of shading device
I/l Store direct into direction

if (North)
{



direct = 'N';

direction = direct;

}
if (South)
{
direct ='S",
direction = direct;
}
if (West)
{
direct ='W,
direction = direct;
}
if (East)
{
direct ='E,
direction = direct;
}

I Clear the window with current clearing color

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

/I Save the matrix state and do the rotations

glMatrixMode(GL_MODELVIEW);

/I Save matrix state and do the rotation
gtPushMatrix();
glRotatef(yRot, 0.0f, 1.0f, 0.0f);
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// draw the cube
Draw(FALSE);
//Draw shading device

ShadingDevice(FALSE,direct);

//Draw Pyramid
DrawPyramid(FALSE,Pyramid);

/I Restore transformations

glPopMatrix();

I/ Get ready to draw the shadow and the ground
/I First disable lighting and save the projection state

glPushAttrib(GL_LIGHTING_BIT);
giDisable(GL_LIGHTING);
glPushMatrix();

// Now rotate the cube around in the new flattend space

glRotatef(yRot, 0.0f, 1.0f, 0.0f);

// Multiply by shadow projection matrix on ground

glMuitMatrixf((GLfloat *)shadowMat);

/I draw shadow of cube

Draw(TRUE):

//Draw shadow of Shading Device

ShadingDevice(TRUE,direct);
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{//Draw shadow of Pyramid

DrawPyramid(TRUE,Pyramid);

// Restore the projection to normal
glPopMatrix();
glPushMatrix();

/I Now rotate the cube around in the new flattend space

glRotatef(yRot, 0.0f, 1.0f, 0.0f);

// Multiply by shadow projection matrix on direction of cube

gIMuitMatrixf((GLfloat *)shadowMatDirect);

/IDraw shadow of Shading Device

ShadingDevice(TRUE, direct);

/I Restore the projection to normal

glPopMatrix();

// Draw the light source
glPushMatrix();
giRotatef(yRot, 0.0f, 1.0f, 0.0f);

//Draw the sun and translation
glTranslatef(lightPos[0],lightPos[1], lightPos[2]);
giIRGB(255,255,0);

auxSolidSphere(4.0f);

glPopMatrix();

glPushMatrix();

glRotatef(yRot, 0.0f, 1.0f, 0.0f);
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// Draw the ground is green
g!Begin(GL_QUADS);
glRGB(0,255,0);
giVertex3f(200.0f, y, -200.0f);
glVertex3f(-200.0f, y, -200.0f);
glVertex3f(-200.0f, y, 200.0f);
glVertex3f(200.0f, y, 200.0f),
glEnd();

/l Draw the East
DrawEast():

glPopMatrix();

// Restore lighting state variables

glPopAttrib();

! Flush drawing commands

giFlush();
}

Il If necessary, creates a 3-3-2 palétte for the device context listed.

HPALETTE GetOpenGLPalette(HDC hDC)
{
HPALETTE hRetPal = NULL; // Handle to palette to be created
PIXELFORMATDESCRIPTOR pfd; /I Pixel Format Descriptor

LOGPALETTE *pPal; // Pointer to memory for logical palette
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int nPixelFormat; /1 Pixel format index

int nColors; // Number of entries in palette

inti; // Counting variable

BYTE RedRange,GreenRange,BlueRange; /f Range for each color

entry (7,7,and 3)

&pfd);

Il Get the pixel format index and retrieve the pixel format description
nPixelFormat = GetPixelFormat(hDC);
DescribePixelFormat(hDC, nPixelFormat, sizeof(PIXELFORMATDESCRIPTOR),

/Il Does this pixel format require a palette? If not, do not create a
/I palette and just return NULL
if(!(pfd.dwFlags & PFD_NEED_PALETTE))
return NULL;
/I Number of entries in palette. 8 bits yeilds 256 entries

nColors = 1 << pfd.cColorBits;

II' Allocate space for a logical palette structure plus all the palette entries

pPal = (LOGPALETTE*)malloc(sizeof(LOGPALETTE) +nColors*sizeof

(PALETTEENTRY));

/ Fill in palette header
pPal->palVersion = 0x300; // Windows 3.0

pPal->paiNumEntries = nColors; // table size



-

v —

g T

R

e . e

o ——— -

82

/I Build mask of all 1's. This creates a number represented by having
/I the low order x bits set, where x = pfd.cRedBits, pfd.cGreenBits, and
/I pfd.cBlueBits.

RedRange = (1 << pfd.cRedBits) -1;

GreenRange = (1 << pfd.cGreenBits) - 1;

BlueRange = (1 << pfd.cBlueBits) -1;

// Loop through all the palette entries
for(i = 0; i < nColors; i++)
{
/I Fill in the 8-bit equivalents for each component
pPal->palPalEntry(i].peRed = (i >> pfd.cRedShift) & RedRange;
pPal->palPalEntry{i].peRed = (unsigned char)(
(double) pPal->palPalEntry(il.peRed * 255.0 / RedRange);

pPal->palPalEntry{i].peGreen = (i >> pfd.cGreenShift) & GreenRange;
pPal->palPalEntry(i].peGreen = (unsigned char)(
(double)pPal->palPalEntry[i].peGreen * 255.0 / GreenRange);

pPal->palPalEntry{i].peBlue = (i >> pfd.cBlueShift) & BlueRange;
pPal->palPalEntry{i].peBlue = (unsigned char)(
(double)pPal->palPalEntry[i].peBlue * 255.0 / BlueRange);

pPal->palP4lEntry[i].peFlags = (unsigned char) NULL;
}
// Create the palette

hRetPal = CreatePalette(pPal);
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/I Go ahead and select and realize the palette for this device context
SelectPalette(hDC,hRetPal FALSE);
RealizePalette(hDC);

Il Free the memory used for the logical palette structure

free(pPal);

I/ Return the handle to the new palette

return hRetPal;

}

/I Select the pixel format for a given device context

void SetDCPixelFormat(HDC hDC)
{

int nPixelFormat:;

static PIXELFORMATDESCRIPTOR pfd = {
sizeof(PIXELFORMATDESCRIPTOR), // Size of this structure

1, / Version of this structure
PFD_DRAW_TO_WINDOW | // Draw to Window (not to bitmap)
PFD_SUPPORT_OPENGL | / Support OpenGL calls in window
PFD_DOUBLEBUFFER, // Double buffered
PFD_TYPE_RGBA, /I RGBA Color mode

24, // Want 24bit color

0,0,0,0,0.0, // Not used to select mode

0.0, /I Not used to select mode
0,0,0,0,0, /' Not used to select mode

32, /1 Size of depth buffer

0, // Not used to select mode



0, // Not used to select mode
PFD_MAIN_PLANE, // Draw in main plane

0, // Not used to select mode
0,0,0 // Not used to select mode

/I Choose a pixel format that best matches that described in pfd

nPixelFormat = ChoosePixelFormat(hDC, &pfd);

/I Set the pixel format for the device context

SetPixelFormat(hDC, nPixelFormat, &pfd);
}

/I Entry point of all Windows programs
int APIENTRY WinMain( HINSTANCE  hinst,

HINSTANCE hPrevinstance,

LPSTR IpCmdLine,
int nCmdShow)
{
MSG msg; // Windows message structure
WNDCLASS  wg; // Windows class structure
HWND hWnd; /! Storeage for window handle
hinstance = hinst;
/I Register Window style
wc.style = CS_HREDRAW | CS_VREDRAW ;
wc.lpfnWndProc = (WNDPROC) WndProc:

wc.cbClsExira =0;
wce.cbWndExtra =0;
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wc.hinstance = hinstance;
wc.hicon = NULL;
wc.hCursor = LoadCursor(NULL, IDC_ARROW);

// No need for background brush for OpenGL window

wc.hbrBackground = NULL;
wc.lpszMenuName = MAKEINTRESOURCE(IDR_MENU);

wc.lpszClassName = IpszAppName;

// Register the window class
if(RegisterClass(&wc) == 0)
return FALSE;

/I Create the main application window

hWnd = CreateWindow(
IpszAppName,
IpszAppName,

I/l OpenGL requires WS_CLIPCHILDREN and

WS_CLIPSIBLINGS

WS_OVERLAPPEDWINDOW | WS_CLIPCHILDREN |

WS_CLIPSIBLINGS,

// Window position and size
CW_USEDEFAULT, 0,
CW_USEDEFAULT, 0,
NULL,

NULL,

hinstance,

NULL);
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I If window was not created, quit
if(hwnd == NULL)
retum FALSE;

/I Display the window
ShowWindow(hWnd,SW_SHOW);
UpdateWindow(hWnd);

Il Process application messages until the application closes
while( GetMessage(&msg, NULL, 0, 0))
{
TranslateMessage(&msg);
DispatchMessage(&msg);
}

return msg.wParam;

}

/I Window procedure, handles all messages for this program
LRESULT CALLBACK WndProc(  HWND hWnd,
UINT message,
WPARAM wParam,
LPARAM |Param)
{
static HGLRC hRC; /I Permenant Rendering context
static HDC hDC; /I Private GDI Device context
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switch (message)

{

// Window creation, setup for OpenGL

case WM_CREATE:

™
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/l Store the device context

hDC = GetDC(hWnd);

Il Select the pixel format

SetDCPixelFormat(hDC):

/I Create palette if needed
hPalette = GetOpenGLPalette(hDC);

/Il Create the rendering context and make it current
hRC = wglCreateContext(hDC);
wglMakeCurrent(hDC, hRC);

// Call OpenGL setup .code
SetupRC();

I Turn off all effects by defauit
North = FALSE;

South = FALSE;

West = FALSE;

East = FALSE;

Pyramid = FALSE;

break;
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// Window is being destroyed, cleanup

case WM_DESTROY:
/I Deselect the current rendering context and delete it
wglMakeCurrent(hDC,NULL);
wglDeleteContext(hRC);

ReleaseDC(hWnd,hDC);

if(hPalette = NULL)
DeleteObiject(hPalette);

/| Tell the application to terminate after the window

/Il is gone.
PostQuitMessage(0);

break;

I/ Window is resized.

case WM_SIZE:
/I Call our function which modifies the clipping
I volume and viewport
ChangeSize(LOWORD(IParam), HIWORD(IParam));

break;

/I The painting function. This message sent by Windows
/I whenever the screen needs updating.

case WM_PAINT:

{
/I Call OpenGL setup code
SetupRC();
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// Call OpenGL drawing code
RenderScene();

SwapBuffers(hDC);

/I Validate the newly painted client area

ValidateRect(hwnd,NULL);
}

break;

Il Key press, check for arrow keys to do cube rotation.

case WM_KEYDOWN:
{
if(wParam == VK_LEFT)
yRot -= 5.0f;

iftwParam == VK_RIGHT)
yRot += 5.0f;
/Il Keep rotations within 360 degrees

yRot = (float)((const int)yRot % 360);

InvalidateRect(hWnd,NULL,FALSE);
}

break;
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I/l Windows is telling the application that it may modify
/l the system palette. This message in essence asks the
‘// application for a new palette.
case WM_QUERYNEWPALETTE:
/1 If the palette was created.

if(hPalette)
{

int nRet;

Il Selects the palette into the current device context

SelectPalette(nDC, hPalette, FALSE):

/I Map entries from the currently selected palette to
/I the system palette. The return valué is the number
/I of palette entries modified.

nRet = RealizePalette(hDC);

/I Repaint, forces remap of palette in current window

InvalidateRect(hWnd,NULL,FALSE);

return nRet;

}

break;

/l This window may set the palette, even though it is not the
/I currently active window.

case WM_PALETTECHANGED:
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/I Don't do anything if the palette does not exist, or if
/I this is the window that changed the palette.
if((hPalette != NULL) && ((HWND)wParam != hWnd))

{
/I Select the palette into the device context

SelectPalette(hDC,hPalette, FALSE);

I/ Map entries to system palette

RealizePalette(hDC):

/I Remap the current colors to the newly realized palette
UpdateColors(hDC):
return 0;

}

break;

// A -menu command
case WM_COMMAND:

{
HANDLE hMenu = GetMenu(hWnd);

switch(LOWORD(wParam))

{

Il Exit the program

case ID_FILE_EXIT:
DestroyWindow(hWnd);

break;
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/I Put the day ,month ,time
case ID_INPUT_TIME:

DialogBox (hinstance,

MAKEINTRESOURCE(IDD_DIALOG_TIME),
hWnd,

TimeDlgProc);
InvalidateRect(hWnd,NULL,FALSE);
UpdateWindow(hWnd):

break;

/I Turn on Draw shading device on north

case ID_SHAPE_CUBE_NORTH:
North = INorth;
if(North)

CheckMenultem(hMenu,ID_SHAPE_CUBE_NORTH,MF_BYCOMMAND |

MF_CHECKED);

else

CheckMenultem(hMenu,ID_SHAPE_CUBE_NORTH,MF_BYCOMMAND |

MF_UNCHECKED);

InvalidateRect(hWnd,NULL,FALSE);

break;

/I Turn on Draw shading device on south

case ID_SHAPE_CUBE_SOUTH:
South = ISouth;
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if(South)
CheckMenultem(hMenu,ID_SHAPE_CUBE_SOUTH,MF_BYCOMMAND |

MF_CHECKED);
else

CheckMenultem(hMenu,|D_SHAPE_CUBE_SOUTH,MF_BYCOMMAND |

MF_UNCHECKED);

InvalidateRect(hWnd,NULL, FALSE);

break;

I/l Turn on Draw shading device on WEST
case:|ID_SHAPE_CUBE_WEST:
West = IWest;

if(West)

CheckMenultem(hMenu,ID_SHAPE_CUBE_WEST MF_BYCOMMAND |

MF_CHECKED):
else

CheckMenuitem(hMenu,|D_SHAPE_CUBE_WEST,MF_BYCOMMAND |

MF_UNCHECKED);

InvalidateRect(hWnd,NULL,FALSE);

break;

/I Turn on Draw shading device on EAST
case ID_SHAPE_CUBE_EAST:

East = |East;
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if(East)

CheckMenultem(hMenu,!D_SHAPE_CUBE_EAST,MF_BYCOMMAND |

MF_CHECKED);
gise

CheckMenultem(hMenu,ID_SHAPE_CUBE_EAST,MF_BYCOMMAND |

MF_UNCHECKED);

InvalidateRect(hWnd,NULL,FALSE);

break;

// Turn on Draw pyramid
case ID_SHAPE_PYRAMID:
Pyramid = !Pyramid;

if(Pyramid)

CheckMenultem(hMenu,|D_SHAPE_PYRAMID,MF_BYCOMMAND |

MF_CHECKED);

else

CheckMenultem(hMenu,ID_SHAPE_PYRAMID,MF_BYCOMMAND |

MF_UNCHECKED);

InvalidateRect(hWnd,NULL,FALSE);

break;

/I Display the about box
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case ID_HELP_ABOUT:

DialogBox (hinstance,

MAKEINTRESOURCE
(IDD_DIALOG_ABOUT),
hWnd,
AboutDIgProc);
break;
}
}
break;
defauit: // Passes it on if unproccessed

return (DefWindowProc(hWnd, message, wParam, IParam));

return (OL);
}

/I Dialog Time procedure.
BOOL APIENTRY TimeDlgProc (HWND hDlg, UINT message, UINT wParam, LONG

{Param)

{

switch (message)

{
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/1 Initialize the dialog box
case WM_INITDIALOG:
return FALSE;

break;

/Il Process command messages

case WM_COMMAND:
{

switch (wParam)

{
case IDOK :

{

Day =
GetDigltemInt(hDlg,IDC_EDIT_DAY,NULL,0):

Month=GetDlgitemInt

(hDlib IDC_EDIT,MONTH,NULL,0):

Hour =
GetDlgltemint(hDlg,IDC_EDIT_HOUR,NULL,0):

Min =
GetDlgitemInt(hDIg,IDC_EDIT_MIN,NULL,0);

EndDialog(hDlg,TRUE);
}

break;

case IDCANCEL:
EndDialog(hDIg,FALSE);

i
break;
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break;

return FALSE;
}

{// Dialog About procedure.
BOOL APIENTRY AboutDIgProc (HWND hDlg, UINT message, UINT wParam, LONG
IParam)

{

switch (message)
{
/] Initialize the dialog box
case WM_INITDIALOG:
{
retum (TRUE);
}

break;

/I Process command messages

case WM_COMMAND:

{
/Il Validate and Make the changes

if(LOWORD(wParam) == IDOK)
EndDialog(hDlIg,TRUE);

break;
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Il Closed from sysbox
case WM_CLOSE:
EndDialog(hDlg,TRUE);

break;

return FALSE;
}
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Resource.h

IK{NO_DEPENDENCIES}}

/' Microsoft Developer Studio generated include file.

I/l Used by Resource.rc

#define IDR_MENU 101

#define IDD_DIALOG_ABOUT 102
#define IDD_DIALOG_TIME 106
#define IDI_ICON1 107

#define IDI_ICON2 108

#define IDC_EDIT_DAY 1013
#define IDC_EDIT_MONTH 1017
#define IDC_EDIT_TIME 1018
#define IDC_EDIT_HOUR 1018
#define IDC_EDIT_MIN 1020
#define ID_FILE_EXIT 40001

#define ID_HELP_ABOUT 40002
#define ID_INPUT_TIME 40006
#define ID_SHAPE_CUBE_NORTH 40010
#define ID_SHAPE_CUBE_SOUTH 40011
#define ID_SHAPE_CUBE_EAST 40012
#define ID_SHAPE_CUBE_WEST 40013
#define ID_SHAPE_PYRAMID 40014

/I Next default values for new objects

#ifdef APSTUDIO_INVOKED

#ifndef APSTUDIO_READONLY_SYMBOLS
#define _APS_NEXT_RESOURCE_VALUE 110
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#define _APS_NEXT_COMMAND_VALUE 40017
#define _APS_NEXT_CONTROL_VALUE 1021
#define _APS_NEXT_SYMED_VALUE 101
#endif

#endif

Resource.rc

/IMicrosoft Developer Studio generated resource script.

i

#include "resource.h"

#define APSTUDIO_READONLY_SYMBOLS
i

I
/I Generated from the TEXTINCLUDE 2 resource.

I

#include "afxres.h"

T T T T T
#undef APSTUDIO_READONLY_SYMBOLS

i

// Unknown language: 0x1E, Ox1 resources

#if |defined(AFX_RESOURCE_DLL) || defined(AFX_TARG_THA)
#ifdef _WIN32

LANGUAGE 0x1E, Ox1

#pragma code_page(874)

#endif //_WIN32
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I
/I Dialog
/i

IDD_DIALOG_TIME DIALOG DISCARDABLE 0, 0, 212, 106
STYLE DS_MODALFRAME | WS_POPUP | WS_CAPTION | WS_SYSMENU

CAPTION "Input Data”

FONT 8, "MS Sans Serif"

BEGIN

DEFPUSHBUTTON "OK",IDOK,41,78,50,14
PUSHBUTTON  “Cancel",IDCANCEL,121,78,50,14

EDITTEXT
EDITTEXT
EDITTEXT
LTEXT
LTEXT
LTEXT
EDITTEXT
LTEXT
END

IDC_EDIT_DAY,20,38,31,14,ES_AUTOHSCROLL | ES_NUMBER
IDC_EDIT_MONTH,67,38,31,14,ES_AUTOHSCROLL | ES_NUMBER
IDC_EDIT_HOUR,114,38,31,14,ES_AUTOHSCROLL | ES_NUMBER
"Date”,IDC_STATIC,25,18,16,8

"Month" IDC_STATIC,73,18,23,8

"Hour",IDC_STATIC,121,18,16,8
IDC_EDIT_MIN,161,38,31,14,ES_AUTOHSCROLL | ES_NUMBER
"Min",IDC_STATIC,169,18,16,8

IR Ly

i

// DESIGNINFO

I

#ifdef APSTUDIO_INVOKED
GUIDELINES DESIGNINFO DISCARDABLE
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BEGIN
IDD_DIALOG_TIME, DIALOG
BEGIN
LEFTMARGIN, 7
RIGHTMARGIN, 205
TOPMARGIN, 7
BOTTOMMARGIN, 92
END
END
#endif // APSTUDIO_INVOKED

I T T
I

/l lcon
I

// lcon with lowest ID value placed first to ensure application icon
// remains consistent on all systems.

IDI_ICON2 ICON DISCARDABLE “icon_1.ico"

#ifndef _MAC
MU i i T

/"
/l Version

1l

VS_VERSION_INFO VERSIONINFO
FILEVERSION 1,0,0,1
PRODUCTVERSION 1,0,0,1
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FILEFLAGSMASK 0x3fL
#ifdef _DEBUG
FILEFLAGS Ox1L
#else
FILEFLAGS 0x0L
#endif
FILEOS 0x40004L
FILETYPE Ox1L
FILESUBTYPE 0x0L
BEGIN
BLOCK "StringFilelnfo"
BEGIN
BLOCK "041e04b0"
BEGIN
VALUE "CompanyName", "kmith\0"
VALUE "FileDescription", "solan\0"
VALUE "FileVersion", "1, 0, 0, 1\0"
VALUE "InternalName®, "solar\0"
VALUE "LegalCopyright", "Copyright _ 1998\0"
VALUE "OriginalFilename", "solar.exe\0"
VALUE "ProductName", "kmitl solar\0"
VALUE "ProductVersion®, "1, 0, 0, 1\0"
END
END
BLOCK "VarFilelnfo"
BEGIN
VALUE "Translation”, 0x41e, 1200
END
END
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#endif //1_MAC

#endif // Unknown language: Ox1E, 0x1 resources

i

T T T T
/I English (U.S.) resources

#if !defined(AFX_RESOQURCE_DLL) || defined(AFX_TARG_ENU)
#ifdef _WIN32

LANGUAGE LANG_ENGLISH, SUBLANG_ENGLISH_US
#pragma code_page(1252)

#endif //_WIN32

HITHIT T e

I

// Dialog

1

IDD_DIALOG_ABOUT DIALOG DISCARDABLE 0, 0, 210, 90

STYLE DS_MODALFRAME | WS_POPUP | WS_CAPTION | WS_SYSMENU
CAPTION "Solar Project Team"

FONT 8, "MS Sans Serif"

BEGIN

DEFPUSHBUTTON "OK",IDOK,80,65,50,16
LTEXT "Mr. Thanupong Ngaojaruwong 37014159",IDC_STATIC,43,15,143,8

LTEXT "Mr. Morakot Srianujata 37014337",IDC_STATIC,56,28,123,8
LTEXT "Mechanical Engineering Department, KMIT'L, 1997",
IDC_STATIC,37,42,157,8

END
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I
// DESIGNINFO

Il

#ifdef APSTUDIO_INVOKED
GUIDELINES DESIGNINFO DISCARDABLE
BEGIN
IDD_DIALOG_ABOUT, DIALOG
BEGIN
LEFTMARGIN, 7
RIGHTMARGIN, 203
TOPMARGIN, 7
BOTTOMMARGIN, 81
END
END
#endif // APSTUDIO_INVOKED

T i i i

I
/I Menu
/i

IDR_MENU MENU DISCARDABLE
BEGIN
POPUP "&File"
BEGIN
MENUITEM "E&xit", ID_FILE_EXIT
END
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POPUP "&lnput"
BEGIN
MENUITEM "&Time",
END
POPUP "&Shape"
BEGIN
POPUP "Shading Device"
BEGIN
MENUITEM "&North",
MENUITEM "&South",
MENUITEM "&East",
MENUITEM "West",
END
MENUITEM "Pyramid”,
END
POPUP "&Help"
BEGIN
MENUITEM "&About",
END
END

#ifdef APSTUDIO_INVOKED
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ID_INPUT_TIME

ID_SHAPE_CUBE_NORTH
ID_SHAPE_CUBE_SOUTH
ID_SHAPE_CUBE_EAST

ID_SHAPE_CUBE_WEST

ID_SHAPE_PYRAMID

ID_HELP_ABOUT

IR e

I
/I TEXTINCLUDE
I

1 TEXTINCLUDE DISCARDABLE

BEGIN



"resource.h\0"

END

2 TEXTINCLUDE DISCARDABLE
BEGIN

"#include "afxres.h"\r\n"

Q"
END

3 TEXTINCLUDE DISCARDABLE
BEGIN

"\r\n"

Q"
END

#endif // APSTUDIO_INVOKED
#endif // English (U.S.) resources

G
.

#ifndef APSTUDIO_INVOKED
IR T T i

I

/I Generated from the TEXTINCLUDE 3 resource.

I

G
#endif // not APSTUDIO_INVOKED

107



T Bem v

e

o,

108

] a o o« ar 1
m@ﬁ‘mﬁlmﬁwm']ummﬁanﬁumd 9

Procedure

TimeDlIgProc

Function
RenderScene
SetupRC
CallightPos
MakeShadowMatrix
CalcNormal
ReduceToUnit
DrawEast

Draw

ChangeSize

ShadingDevice

DrawPyramid
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Input Value Of Day |

Month Hour Min

Function names

TimeDlgProc

Y

Calculate Position

Of Sun

CalLightPos
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Display

SetupRC

A

RenderScene




—

T

L T

——— e,

N15M19UUAd Function RenderScene

Check Direction of
Shading Device and
Store Value

Y

Rotate Axis Y

Draw Cube ,Shading

Device and Pyramid

Fn
Draw ,Shading Device,
Pyramid

"| Draw Shadow of Cube

,Shading Device and

Pyramid on Ground

Fn
Draw ,Shading Device,

Pyramid

A 4

Draw Shadow of
Shading Device on

Cube

Fn
Shading Device

Draw Sun, Ground

and Letter E

Fn

DrawEast
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N1991797U4294 Function SetupRC

Set Plane to Build
Shadow

y

Calculate Light

Position

Fn
CalLightPos

Set Polygons

Set Light

A 4

Set Material

Colour

A

Set Background

Colour

y

Find Shadow
Matrix

Fn
MakeShadowMatrix




e ww men wwom

Er—

N19%11971U284 Function CallightPos

Get Value Of
Day ,Month ,Hour
,Min

y

Calculate
altitude and azimuth

Angle

Calculate

Sun Location

A

Procedure

TimeDIgProc
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N19Y1141U849_ Function MakeShadowMatrix

Get Value Of
Light Postion

Fn
CalLightPos

A

Calculte Shadow

Matrix
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N13¥1N91U494 Function CalcNormal

v1 = Point 0 - Point 1

v2=Point 1 - Point 2

out=(vl) x (v2)

Fn
ReduceToUnit
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N19Y197U949 Function ReduceToUnit

length = sqrt (outx® +

outy2 + outz?)

Yes

vector out = (vector

length = 1

out / length)
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N191194289 Function DrawEast

‘Set Blue Colour
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Draw I B
|
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; CalcNormal
1=0 4
A
v Fn
ReduceToUnit
Draw - <
A 4
i=i+1
No
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N1514UAR4 Function Draw

bShadow

True

Set Red Colour

False————»}

Set Black Colour

Draw Cube
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N19%1197U289 Function ChangeSize

Set nRange =
200

A

Get View Port

tow, h

Y

Set Clipping

Volume in axis

X

A

Set Clipping
Volume in axis

Y

A 4

Rotate

Clipping

Volume
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N159191UARS Function ShadingDevice

bShadow

True

l

‘ Set Red Colour

False———»

Set Black Colour

Check Direction of

Shading Device

Draw Shading Device
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N15Y1197U199 Function DrawPyramid

bShadow

True

False

Set Red Colour

Set Black Colour

Draw Pyramid
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N15%1191UA849 Procedure TimeDIgProc

Input Value Day ,
Month ,Time

OK

Yes

A 4

Fn

SetupRC

4

Fn
RenderRC

Fn
CalLightPos

121



o~

LT

N15Y1IN41U89 Procedure AboutDIgProc

|
' Display

OK

Not Display
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