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In Mai nFr m cpp inside the function Pr eCr eat eW ndow( CREATESTRUCT& cs)

cs.cx = 700; cs.cy = 700; /[These two variables force a nearly quadratic window that suits well the
default quadratic coordiante system of OpenGL (-1 to +1 in both directions).

IntexturelView hinclass CTexturelView : public CView

private: HGRC hgl rc; //handle for an OpenGL-Rendering-Context (see FAQs of project 4 =
C4_OpenGL_FAQ.htm)

std::vector< BYTE > Scal edl nage; //[Dynamic array for a scaled texture image. OpenGL textures must
have x/y-dimensions as powers of 2: 16, 32, 64, 128, 256, 512, 1024. They need not to be quadratic ( f.i.
64*1024 is possible. ). Any image can directly serve as an OpenGL texture image, when it fulfills this restriction
but we will always transform the original image into a quadratic scaled texture image (default 128*128) carrying
the name Scal edl nage.

In the head of t ext ur elVi ew. cpp in front of cl ass CTexturelView : public CView

#include < gl/gl.h >//Thislineis uselessif gl / gl . h is already included (usually in t ext ur elDoc. h)
otherwise we need it here. gl . h contains all function declarations of OpenGL. When your compiler does not
contain this file (usually in the path C:\ Prograns\ M crosoft Vi sual Studi o\ VCI8\Include\G& ), you
have no chance to compile this project.

float f[6][3]={{0.0f,0.0f,1.0f},{0.7f,0.7f,0.0f},{-0.7f,0.7f,0.0f},{-0.7f, -
0.7f,0.0f},{0.7f,-0.7f,0.0f}, {0.0f,0.0f,-1. 0f } }; //The octahedron has 6 vertices and each
vertex has three coordiantes: X, y and z . The first and the last vertex are the tips of the octahedron on the Z-
axis and the 4 remaining vertices form the quadratic "equator" whose sides are parallel to the X- and Y-axes.

int face[8][3]={{0,4,1},{0,1,2},{0,2,3},{0,3,4},{5,1,4,},{5,2,1},{5,3, 2},{5,4, 3}};
/[The octahedron has 8 triangular faces. Each face is defined by 3 vertices. The vertices carry numbers
corresponding to their order in f[6][3]. Any 3 vertices are aligned counterclockwise.
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#define NX 0.8192f #define NY 0.8192f #define Nz 0.5735f //All 8 normal vectors
perpendicular to the 8 triangles are symmetrically composed of these 3 values . Explanation: Let us consider the
first triangle { 0, 4, 1} and let us call its vertices
{PO, P1, P2} ={{0.0f,0.0f,1.0f},{0.7f,-0.7f,0.0f},{0.7f,0.7f,0.0f}}.

1. Take two arbitrary legs from the triangle and express them as vectors.

Let us choose legl from PO to P1: V1=P1-PO= { 0.7-0.0,-0.7-0.0, 0.0-1.0} ={ 0.7, -
0.7,-1.0 }.
Let us choose leg2 from P1 to P2: V2=pP2-P1= { 0.7-0.7, 0.7+0.7, 0.0-0.0} ={ 0.0, 1.4,

0.0 }.
2. Compute the vector product VP = V1 x V2 defined as:

VPX=V1y*V2z - V2y*Viz = (-0.7)*(+0.0) - (+1.4)*(-1.0) = +1.4
VPy=V1z*V2x - V2z*VIx = (+0.0)*(+0.7) - (+0.0)*(+0.7) = +0.0
VPZ=VIx*V2y - V2x*V1y = (+0.7)*(+1.4) - (+0.0)*(-0.7) = +0.98

3. Correct the orientation of VP if necessary: It must point toward the outside = outer surface of the
octahedron. If VP points to the wrong (opposite) direction, OpenGL will probably show us an empty
triangular hole instead of a triangular surface covered by a texture.

The easiest test is the scalar product SPt est of VP with an arbitrary vector Vt est pointing into the center
of the octahedron.

Let us choose the vector fromPOto{ 0,0,0 } asMest = { 0,0,0} - PO ={ 0.0, 0.0,
1.0 }.

SPtest = VP * Vtest = 1.4*0.0 + 0.0*0.0 +0.98*(-1.0) = -0.98.

Everything is OK if SPt est is negative, otherwise VPx, VPy and VPz must be multplied by - 1. 0.
4. Normalize VP to the normal length of 1. 0.

The length of VPissqrt(1.4*1.4 + 0.0*0.0 + 0.98*0.98) = 1.7089.

We have to divide VPx, VPy, VPz by this length in order to obtain the final normal vector N = {
1.4/1.7089, 0.0, 0.98/1.7089 } = {0.8192, 0.0, 0.5735 }
Because of the symmetry of the octahedron, all other 7 normals are composed of the same 3 values 0. 8192
and 0. 0 and 0. 5735 (but at different positions and with changing signs).

float n[8][3]={{NX 0.f, Nz}, {0.f,NY, Nz}, {-NX O.f, Nz}, {0.f,-NY, Nz}, {NX O.f, -

Nz}, {0.f, NY,-Nz}, {-NX 0.f,-Nz}, {0.f,-NY,-Nz} }; //The 8 normal vectors perpendicular to the 8
triangles are symmetrically composed of 3 (positive and negative) constants and zero. There is exactly one
vector in any quadrant of the XZ plane and exactly one in any quadrant of the YZ plane.

float diffuseLight[4]={1.5f,1.5f, 1. 5f, 1. 0f}; //Alight source dissipating light into all directions
like a candle does. The first 3 parameters indicate the intensity of red, green and blue (RGB components). The
last parameter has no effect at all. You can change the RGB values at run time in order to enforce (>1. 0) or to
dim (<1. 0) the light.

float material Di ffuse[ 4] ={1.0f, 1. 0f, 1. 0f, 0. 0f }; //Reflective properties of the material of the
octahedron. The first 3 parameters indicate the reflectivity for red, green and blue (RGB components). The last
parameter has no effect. Thus the octahedron reflects 100% of any diffuse red, green and blue light. At run time
OpenGL will multiply these RGB values with the correponding RGB-values of the di f f useLi ght -vector in
order to compute the local brightness.

float LightPosition[4]={1.0f,0.0f,1. 0f, 1. 0f}; //The first 3 parameters indicate the position of the
light source at the right side of the window in front of the screen. The last parameter has no effect. At run time
OpenGL will calculate for each point P in each triangle the cosine of the angle between the beam from

Li ght Posi ti on to P and the normal of the triangle. Then OpenGL will multiply the cosine with the intensity
specified by di f f useLi ght and with the RGB-properties specified by nat eri al Di f f use in order to get the
brightness of the point P. Normally the Li ght Posi ti on rotates together with the octahedron. It will require
some special effort to keep the Li ght Posi t i on constant.



Int ext urelVi ew. cpp inside CText ur elVi ew. : OnCr eat e( LPCREATESTRUCT | pCreat eStruct)

if (CView:OnCreate(l pCreateStruct) == -1) return -1; //This line of code is from Microsoft.
Leave it here, it produces an error message if something goes wrong during the first construction of our client
area.

Cd ientDC dc( this ); //Device context of the current client area. Such a device context normally offers
more than one single pixel format (see below).

Pl XELFORVATDESCRI PTOR pfd = { si zeof ( Pl XELFORMATDESCRI PTOR ), 1, PFD DRAW TO W NDOW
| PFD _SUPPORT_OPENGL | PFD DOUBLEBUFFER, PFD TYPE RGBA,
24,0,0,0,0,0,0,0,0,0,0,0,0,0, 32,0, 0, PFD_MAI N_PLANE, 0, 0,0 }; //pfd specifies what we expect
from our device context (see FAQs). The most important parameter is the bit-combination of

PFD DRAW TO W NDOW | PFD SUPPORT_OPENG. | PFD DOUBLEBUFFER. When we do not set these

bits, we loose the opportunity for using and swapping the double output buffer which results in severe flicker
effects.

int i = ChoosePi xel Format ( dc. m hDC, &pfd ); //Checks all possible pixel formats that our device
context offers. Returns the no. of the one that matches best to pf d.

Set Pi xel Format ( dc. m hDC, i, &pfd ); //Realizes the best matching pixel format inside our device
context.

hgl rc = wgl Creat eContext( dc. m hDC ); //Makes a hardware-independent OpenGL rendering context
that matches as good as possible to the current hardware- and Windows-dependent device context and returns
a handle to it (or NULL when it is impossible to detect one). The rendering context frees the OpenGL code from
any dependency from the hardware and from the operating system. Any code lines that will use this hgl r c are
truely platform-independent.

Set Ti mer (1, 1, NULL); //Starts the timer no. 1 with the highest possible velocity. The first parameter
assigns a user no to this timer (64 parallel timers are possible). Parameter 2 defines the desired time interval in
milliseconds from one timer event (timer message) to the next one. The operating system cannot react with
1000 events in a second but it will now produce such events as often as possible. Parameter 3 is not used.

return 0O; //Exit with the normal return value of 0.



Int ext urelVi ew. cpp inside CText urelVi ew. : OnTi ner (Ul NT nl DEvent)

CdientDC dc( this ); //Device context of the current client area

wgl MakeCurrent ( dc. m hDC, hglrc ); //Windows is informed, that it has to map in the future the hgl rc
rendering context onto its current dc. m hDC device context. All graphics drawn by OpenGil into its rendering
context are accepted from now on by Windows to be automatically drawn into the device context of the currently
active window (more exactly: into the device context of the client area of the currently active window, which is
ours in this moment).

gl DrawBuf fer( GL_BACK ); //Inorder to prevent the graphics from flickering draw the image into the
invisible back buffer rather than into the visible one .

gl dearColor( 0.1f, 0.1f, 0.1f, 0.f); //[The color to erase the canvas is dark gray without any
transparency.

gl dear( G._CO.OR BUFFER BI T ); //Erase everything.

gl Mat ri xMode( GL_MODELVI EW) ; //The following statement gl Rot at ef shall rotate the polygon model
(not the observation point nor the texture).

gl Rotatef( 1.f, 1.f, 1.f, 1.f ), //Rotate the octahedron 1 degree around the X-, the Y- and the Z-
axis.

gl Pushiat ri x(); //Make a copy of the current matrix in the stack because we will need later the current
content of the matrix. Theory: The light position is stored in eye coordinates which automatically are transformed
by the Model Vi ew matrix. This and the following three statements isolate the light position from being
transformed by the Model Vi ew matrix.

gl Loadl dentity(); //Resetthe current matrix to the unit matrix , otherwise it will rotate the light source
togeher with the octahedron. We want the diffuse ligth source at a constant position.

gl Lightfv (G_LIGHTO, GL_PCSI TI ON, LightPosition ); //We setnow the light source at the
position as specified by the global array f | oat Li ght Posi tion[ 4] ={1.0f, 0. 0f, 1. 0f, 1. Of }; inthe
head of t ext ur elVi ew. cpp.

gl PopMat ri x(); //Reload its former content from the stack into the current matrix.

glLightfv (G_LIGHTO, G._D FFUSE, diffuseLight ); //Appliesthe di ffuselLi ght parameters for
the lighting model as specified by the global array f | oat di f f useLi ght [ 4] ={ 1. 5f, 1. 5f, 1. 5f, 1. Of }; .
Both | i ght statements are not obligatory. When you delete them, OpenGL applies by default the

di f fuseLi ght properties: {1.f,1.f,1.f,1.f}.

gl Material fv( GL_FRONT, GL_DI FFUSE , material Diffuse ); //Appliesthe materi al Di ff use
parameters for the lighting model as specified by the global array f | oat

materi al D ffuse[ 4] ={1.0f, 1. 0f, 1. 0f, 0. Of } ; . Both mat eri al statements are not obligatory. When
you delete them, OpenGL applies by default the mat eri al properties: { 0. 8f, 0. 8f, 0. 8f, 0. 0f }.

gl Enabl e (GL_LI GHTI NG ; /[This flag prepares OpenGL to perform lighting calculations. (If disabled there
will be no calculations concerning normals, light sources and materials.).

gl Enabl e (G._LI GHTO) ; //This flag switches on the capability of OpenGL to evaluate the lighting equation
which includes the properties of the material, the orientation of the normals and the properties of the light
source(s).

gl Enabl e (GL_CULL_FACE); /[This flag switches on the capability of OpenGL to discard back-faced (i.e.
invisible) triangles. If it is switched on, OpenGL discards by default the back-faced facets. (to cull heisst in
Deutsch: als minderwertig aussortieren)

CText urelDoc* pDoc = Cet Documnent (); //Get a pointer to the class CText ur elDoc which contains the
Oi gi nal I mage and the flag APi ct ur eHasBeenLoaded.



int cx, cy, format, i, |, /ltexture size and an OpenGL flag

i f ( pDoc->APi ctureHasBeenLoaded ) //When a new bitmap has been opened by the user, we must
scale it and make an OpenGL texture object out of it. When nothing has currently been opened, we skip this if-
clause and use no texture (at the first run) or the previously loaded texture object.

cx = cy = 128; /INo. of columns and rows of the texture. Possible alternatives: cx = cy = 256; cx =
64; cy = 512; etc. The values must be 2 power n.

if ( pDoc->plH >biBitCount == 24 ) //Is this a 24-bit bitmap ? pDoc points to CText ur elDoc: : pl H
and pl H points to the BitmaplnfoHeader.

Scal edl nage. resi ze( cx*cy*3 ); /[The dynamic array has now space for cx*cy pixels with 3 bytes each.

format = G._BGR _EXT; //This flag tells OpenGL that Microsoft has made a bad decision in the early days of
Windows: Windows Device Independent Bitmaps (DIBs) store RGB-colors in reversed order: at first the blue,
then the green and finally the red value. If you do not know that and keep the flag to f ormat = GL_RGB, red
Microsoft pixels will appear blue in OpenGL and vice versa.

else if ( pDoc->pl H >bi Bit Count == 8 ) //Is this a 8-bit bitmap ? Scal edl mage. resi ze( cx*cy
) ; //The dynamic array has now space for cx*cy pixels with 1 byte each.

format = G._LUM NANCE; //This flag tells OpenGL that this is a gray value texture. If there was a palette it is
ignored, no colors will be displayed and the texture will probably look strange.

gl uScal el mage(f or mat, pDoc- >pl H >bi W dt h, pDoc- >pl H

>bi Hei ght , G_._UNSI GNED_BYTE, &( pDoc-

>Original I mage. front ()), cx, cy, G._UNSI GNED_BYTE, &Scal edl mage.front () ); //Thisisan
intelligent subroutine from the OpenGL utility library gl u32. 1 i b declared in gl / gl u. h. It redistributes the
columns and rows of a source raster image by repeating (in case of zoom > 1.0) or deleting them (in case of
zoom < 1.0). It accepts many pixel formats, it minimizes the inevitable geometric distortions and works pretty
fast. See the help texts of Visual Studio.

gl TexParaneteri ( GL_TEXTURE 2D, G._TEXTURE MAG FILTER, G._NEAREST ); //In case the
texture must be zoomed up: Create the new pixels by repeating the nearest old pixel .

gl TexParaneteri ( G._TEXTURE 2D, G._TEXTURE_M N_FI LTER, GL_NEAREST ); //In case the
texture must be zoomed down: Create the new pixels by preserving only the nearest old pixel.

gl Texl mge2D ( G._TEXTURE 2D, 0, G._RGB, cx, cy, 0, format, G._UNSI GNED BYTE,
&Scal edl mage. front ()); //Transforms an image into a texture object with specified border, size and pixel
properties.

gl BindTexture ( GL_TEXTURE_2D, 1 ); //Stores the texture object for future use and give it the retrieval
no. "1".

pDoc->Cri gi nal | mage. cl ear () ; //Kill the original image which is not needed anymore.

pDoc- >APi ct ur eHasBeenLoaded = FALSE; //This flag prevents from scaling the O i gi nal | mage and
from creating any texture object at the next timer event.

gl Enabl e( GL_TEXTURE_2D) ; //This flag switches on the capability of OpenGL to perform texturing. If no
texture exists it has no effect.

gl Bi ndTexture( G._TEXTURE 2D, pDoc->texNane ); //Tells OpenGL to use the existing texture object
named no. 1. If no such texture object exists it has no effect.

gl TexEnvf ( GL_TEXTURE ENV, G._TEXTURE ENV_MODE, G._MODULATE ); /[This function sets the
texture environment parameter GL_ MODULATE, telling OpenGL to multiply for each pixel the RGB-values of
the texture with the corresponding RGB-values resulting from the lighting equation. If no texture exists it has no
effect.




#define VERTEX gl Vertex3f( f[j]1[0], f[jl[1], f[j]l[2] ); //VERTEX s an abbreviation for a
statement that we will need below three times .

for (i =0; i < 8; i++ ) /[Take all eight triangles

gl Begi n( GL_POLYGON ) ; //Start do draw a triangle. If there is no texture yet, the three gl TexCoor d2f -
statements make no harm and have no effect.

gl Normal 3f ( n[i][0], n[i][1], n[i][2] ); //Givesto OpenGL the current normal vector of the
current triangle.

gl TexCoor d2f (0. 5f, 1.0f); j=face[i][0]; VERTEX//Tells OpenGL the top mid point of the texture
and the upper point of the current triangle.

gl TexCoor d2f (0. 0f, 0.0f); j=face[i][1l]; VERTEX//Tells OpenGL the lower left point of the texture
and the lower left point of the current triangle.

gl TexCoor d2f (1.0f, 0.0f); j=face[i][2]; VERTEX//Tells OpenGL the lower right point of the
texture and the lower right point of the current triangle.

gl End() ; //Stop drawing.

gl Fl ush(); //Wait until everything is transferred from main memory into the graphics board. You can delete
this statement if your bus and your graphics board are fast enough.

SwapBuf f ers( dc. m hDC ) ; //Show the background buffer on the screen, hide the foreground buffer and
exchange their names.

dc. TextQut( 0, 0, "Please open a 8/24-Bit *.BWP file!"); //Urges the userto load a bitmap
image.

In the head of t ext ur elDoc. h in front of cl ass CText urelDoc : public CDocunent

#i ncl ude < vector > //Declares the dynamic arrays of the Standard Template Library STL. The blanks
inside the < > clauses may be suppressed. They are just necessary in a HTML-Document otherwise HTML
treats the words vect or, gl /gl . hand gl / gl u. h as HTML-Tags.

#include < gl/gl.h >//gl.h contains all function declarations of OpenGL. When your compiler does not
contain this file (usually in the path C:\ Prograns\ M crosoft Vi sual Studi o\ VCI8\I ncl ude\ G ), you
have no chance to compile this project.

#i nclude < gl/glu.h >//glu.hcontains a lot of utility function declarations related to OpenGL.

gl uScal el mage(. ..) is such a utility function and we use it later to scale any BMP to the fixed format of
128*128. When your compiler does not contain gl u. h (usually in the path C: \ Prograns\ M cr osof t

Vi sual St udi o\ VCI8\ I ncl ude\ G. ), you cannot use gl uScal el nage(...) inthe code below.

Int ext ur elDoc. cpp inside the constructor function CText ur elDoc: : CText ur elDoc()

pl H = (Bl TMAPI NFOHEADER*) | Byt es; //The typed pointer pl Hpoints now to the the head of
| Byt es[ 1200] .

pl = (BI TMAPI NFO*) | Byt es; //The typed pointer pl points now to the the head of | Byt es[ 1200] as
pl Hdoes. We do not use pl below and therefore nothing goes wrong when you delete this statement.

APi ct ur eHasBeenLoaded = FALSE; //This flag will be used inside the OnTi ner function of
CText ur e1Vi ew. It switches the construction of a texture object on/off.



InfilterlDoc. cppinside Seri al i ze( CArchi ve& ar) inside the el se clause: Code for reading an image
and for computing the noisy and the filtered images

ar.Read( & FH, sizeof (Bl TMAPFI LEHEADER) ); //Read 14 bytes from the hard disk.

if ( FH bf Type I="MB'") { forget_it(); return; //The first 2 bytes form the reversed string of BM.

if ( FH. bfSize <= 54 ) { forget_it(); return; //Abitmap file contains at least 55 bytes.

if ( FHbfOfBits <54 ) { forget_it(); return; //The shortest possible header needs 54 bytes.

int nByteslnfo = FH. bf O fBits - sizeof (Bl TMAPFI LEHEADER) ; //That is the space left for the
BitmaplInfoHeader and palette.

int nBytesPixel = FH. bfSize - FH bf O fBits; //Thatis the space for all pixels.

ar. Read( I Bytes, nByteslnfo ); //Read BitmaplinfoHeader+palette from the hard disk

Oiginall mage .resize( nBytesPi xel ); //Reserve memory space for the original image.

ar. Read( &Oiginallmge.front(), nBytesPixel ); //Read all pixels from the hard disk into the
main memory starting at the first adress of the dynamic byte array named Ori gi nal | mage.

APi ct ur eHasBeenLoaded = TRUE; //This flag will be used inside the OnTi mer function of
CText ur el1Vi ew. It allows the construction of a new texture object during the next call of the OnTi mer function
of CText urelVi ew.

if ( plH>biBitCount == 24 ) return; //[Everything is ok.

if ( plH>biBitCount == 8 ) return; //[Everything is ok.

forget it(); //This bitmap has neither 24 nor 8 bit. Throw it away.

InfilterlDoc. cpp function voi d CText urelDoc::forget it()

Origi nal I mage. cl ear (); //If space has been occupied, free it and give it back.

APi ct ur eHasBeenLoaded = FALSE; //This flag will be used inside the OnTi ner function of
CText ur e1Vi ew. It switches off the construction of a texture object .

for (int i=0; i < 10; i++ ) MessageBeep(-1); //Beep 10 times to inform the user that this bitmap
loading has gone wrong.




