Tutorial 2: Init Direct3D

by Victor Saar, Ingmar Rétzler

Content

Till now we created a window, which handles the messages from Windows and started
programming the application class. In this tutorial we finish the application class. We will init
Direct3D with the appropriate parameters. There are two ways of doing this. The easy and the
hard way. In this tutorial we are concentrating on the easy one. Usually we have to enumerate all
adapters, devices and modes, which are available on the system, but here we start from knowing
the capabilities of the system. We use the default adapter, so when you have two or more graphic
cards in your system the standard will be used. We will set the screen resolution, the color bits,
the depth buffer bits and the stencil buffer bits.

After that we have to initialise the scene. That means we must create and set a projection matrix,
which ports the 3D coordinates of the vertices to 2D coordinates of the screen. Thisisaso avery
important thing. We will do thisusing the Direct3DX utility library.

We don't have to add more files, because everything we do will be add to the existing files from
the first tutorial. Only the capplication.h and capplication.cpp will be changed and two include
files are added to main.h.

Now some things to the theory. To use Direct3D in our applications we must first create the
main object. It is used to first enumerate all needed information about your system and later to
create the device. The device is used to render the scene. We send al information to the device
and it will render it with all transformations and lighting to a render surface. You usually need
two different surfaces to work with Direct3D. The first is the front buffer, which holds the
current screen data. The second is the back buffer, on which the device renders our scene. When
you want to see something on the screen you have to copy the back buffer. This means that you
switch the pointers of the two surfaces. The result is that you see the rendered scene on the
screen. So you can render a new frame to the surface and the graphic adapter can display the old
frame simultaneous. Thisis called page flipping.

There is one more problem we have to solve. The problem of lost devices. When somebody hits
ALT+TAB the device gets lost. That means all information you sent to the device get lost, such
as the projection matrix or the render states.

Additionally to the library files, which where added in the last tutorial we have to add d3dx9.lib
to the project. For more information take alook in thefirst tutorial.

main.h

To use Direct3D and Direct3DX we must include the appropriate header files.

#i ncl ude<d3d9. h> //Direct3D header
#i ncl ude<d3dx9. h> // Di rect 3DX header (NEW

capplication.h

We need several new functions to handle Direct3D. What they do will be explained when we
come to the source code, but some hints are given in the comments. Thei nl i ne functions at the
end are interface functions, that are used to get or change the application status.
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cl ass CApplication

public:

voi d
voi d
voi d
voi d
voi d
voi d
bool

voi d
voi d

inline

inline

inline

inline

inline

inline

inline

inline

We also need some new private objects and variables. At the beginning we add abool for the main
Direct3D loop, but later more to that. The main one is the Direct3D object. It is needed to create
and handle the rest of the Direct3D stuff. The second is the device, which represents the graphic
card. Then we have the m Present Par anet ers, which hold the information for the device and the
device capabilities structure, which is used to check for device functionality. The next variable is
the projection matrix, which ports the 3D coordinates to 2D coordinates. This matrix will be made
with help of the next four variables. The aspect ratio of the viewport, the field of view and the near
and far clipping plane. The rest of the variablesis aready known from the last tutorial and wont be

bool

bool

LPDI RECT3DDEVI CE9

HWAD

voi d

voi d

explained again.

private:
bool

CAppl i cati on(voi d);
~CAppl i cati on(voi d);

I ni t Wndow voi d);

I ni t D3D( voi d) ; /linit Direct3D (NEW
I ni t Scene(void); /linit scene (NEW
CheckDevi ceCaps(voi d); //check caps (NEW
SaveSetti ngs(void);

LoadSet ti ngs(void);

CheckDevi ce(voi d); /1 device | ost? (NEW

Ki I I Wndow(voi d);
Ki |1 D3D(voi d) ; [/free menory (NEW

Get W ndowSt at us(voi d)
{

return m_bRunni ngW ndow;

}
Get D3DSt at us( voi d)
{

return m bRunni ngD3D;

%Bet Devi ce(voi d)

{ return m pDirect 3DDevi ce;
}Gethdowl-landI e(voi d)

{ return m hW ndow;

}éetht h(voi d)

{ return m dww dt h;

iGet Hei ght (voi d)

return m dwHei ght;
}

Set W ndowst at us(bool bRunni ngW ndow)
m_bRunni ngW ndow = bRunni ngW ndow;

}

Set D3DSt at us( bool bRunni ngD3D)

m_bRunni ngD3D = bRunni ngD3D;
}

m_bRunni ngW ndow,
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m_bRunni ngD3D; //Direct3D | oop (NEW

HWND m_hW ndow,
m hBtnStart,
m_hBt nCancel ,
m_hLbl Resol uti on,
m hCbResol uti on,
m_hLbl BackBuf f er,
m_hCbBackBuf f er,
m_hLbl Dept hSt enci |,
m_hCbDept hSt enci | ,
m_hLbl Vert exPr ocessi ng,
m_hCbVert exPr ocessi ng,
m_hLbl Mul ti Sanpl i ng,
m_hCbMul ti Sanpl i ng,
m_hLbl Ani sot r opy,
m_hCbAni sot r opy;

LPDI RECT3D9 m pDi rect 3DMvj ect ; /1 Direct3D object (NEW
LPDI RECT3DDEVI CE9 m _pDi r ect 3DDevi ce;
D3DPRESENT_PARAMETERS m Present Paraneters; //device paranmeters (NEW
D3DCAPS9 m Devi ceCaps; // devi ce capabilities (NEW
DWORD m_dww dt h,

m_dwHei ght ,

m_dwVer t exPr ocessi ng,

m_dwAni sot r opy;
D3DFORVAT m_Col or For mat ,

m Dept hSt enci | For mat ;
D3DMULTI SAMPLE_TYPE  m Mil ti Sanpl i ng;

D3DXVATRI X m_mat Pr oj ecti on; //projection matrix (NEW

f | oat m f Aspect Rati o, /lviewport ratio (NEW
m f Fi el dOF Vi ew, /lview angl e ( NEW
m f Near Pl ane, /I near clipping plane (NEW
m f Far Pl ane; //far clipping plane (NEW

capplication.cpp

In the constructor we first set the pointers to nuLL and define the variables, that are used to create
the projection matrix. The field of view has to be in radians. Direct3DX offers some macros to
convert angles between degrees and radians. You may wonder why we don't cal 1 nitDirect 3D()
here. We cannot do this, because here we don't know the chosen settings. We will initialize
Direct3D between the loop of the settings dialog and the main Direct3D loop.

CApplication:: CApplication(void)
/| define nmenber vari abl es

m pDi r ect 3DOhj ect NULL;
m pDi rect 3DDevi ce NULL;

m_dwW dt h = 800;

m dwHei ght = 600;

m_Col or For mat = D3DFMTI_R5G6B5;

m Dept hSt enci | For mat = D3DFMT_D16;

m _dwVer t exProcessi ng = D3DCREATE_SOFTWARE VERTEXPROCESSI NG,
m _Mul ti Sanpl i ng = D3DMJULTI SAMPLE_NONE;

m_dwAni sot ropy = 0;

m fFiel dOView = D3DX_PI / 4.0f; //view angl e (NEW

m _f Near Pl ane = 1. Of; /I near clipping plane (NEW
m f Far Pl ane = 1000. Of ; [/ far clipping plane (NEW
[/ aspect ratio of viewport (NEW
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m f AspectRatio = (float)mdwwWdth / (float)m dwHei ght;

m _bRunni ngW ndow = true;
m bRunni ngD3D = f al se; //Direct3D | oop (NEW

[/ create wi ndow
I ni t Wndow() ;
} 1/ CApplication

To the destructor we only add the clean-up function for Direct3D.

CAppl i cation: : ~CAppl i cati on(voi d)

{
KillDirect3D(); //release Direct3D objects (NEW
Ki | | Wndow() ; // destroy wi ndow

} /1 ~CApplication

Now comes the initialisation function. At first we create the Direct3D object. The parameter is only
an information for Direct3D. When it failes we get a message and the program quits.

voi d CApplication::|nitD3D(void)
{

/lcreate Direct3D object
i f((m_pDirect3Dhj ect = Direct3DCreate9(D3D_SDK VERSI ON) ) == NULL)

MessageBox(m hW ndow, " Di rect 3DCreat e9() failed!","InitD3D()", MB_OK);
m _bRunni ngD3D = fal se;
}

The next thing we have to do is to define what kind of device we want. The structure
m Present Paraneters holds the information, which we need to create the device with the
appropriate mode. The first parameter is clear. We want a fullscreen application. Then we set the
swap effect to D3DSWAPEFFECT_DI SCARD, because we don't need the displayed frame anymore. Thisis
also important when we want to use anti-aliasing, because it is one of the swap effects that supports
multisampling.

/]size

Zer oMenor y( &m Present Par anet er s, si zeof (m_Present Paraneters));
[/ fullscreen

m_Pr esent Par anet ers. W ndowed = fal se;

//throw away | ast frane

m _Pr esent Par anet er s. SwapEf f ect = D3DSWAPEFFECT_DI SCARD;

Now we come to the important information for the device. First we declare that we want our own
depth and stencil buffer format. The following parameters are chosen from the settings dialog on
startup. The possible values for the depth stencil buffer are D3DFMr_Di6, D3DFMI_D15S1,
D3DFMI_D24X8, D3DFMI_D24x4s4 and D3DFMT_D24s8. AS you can see there are 16-bit and 32-bit
formats. The support of these formats depends on your hardware. The number after the b is the
number of depth buffer bits and after the s of the stencil buffer bits. x bits are unused. The next is
the handle to the window, that creates the device.

/1 own depth/stencil format

m Pr esent Par anet er s. Enabl eAut oDept hStencil = true;

[/ depth stencil fornat

m_Pr esent Par anet er s. Aut oDept hSt enci | Format = m _Dept hSt enci | For mat ;
/I wi ndow handl e

m _Pr esent Par anet er s. hDevi ceW ndow = m hW ndow;
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Here we have the width, height and color format of the application. This is again taken from the
settings dialog. Again we have 16-bit and 32-bit formats. Possible values are psbFMr_RsGsBS,
D3DFMT_X1R5G5B5, D3DFMI_A8R8G8B8 and D3DFMI_x8RecsBs. The numbers behind R, G, B and A define
the bits for the red, green, blue and apha channel of the back buffer. x is again for unused bits. The
last parameter is the multisampling type. Possible values are either D3DMULTI SAMPLE_NONE Of
D3DMULTI SAMPLE_N_SAMPLES, Where n is the number of samples (1-16).

m Pr esent Par anet er s. BackBuf fer Wdth = m dwwW dt h; //screen width

m _Pr esent Par anet er s. BackBuf f er Hei ght = m dwHei ght ; [/ screen hei ght
m_Pr esent Par anet er s. BackBuf f er Format = m Col or Fornmat; //col or depth

m _Present Par aneters. Mul ti Sanpl eType = m Mul ti Sanpling; //anti-aliasing

Now we have al information we need to create the device. At first we want the default adapter,
which is usually the first graphic card installed on the system. Then we choose the HAL device type
(D3DDEVTYPE_HAL), because we want hardware acceleration for the application. If your graphics card
doesn't support hardware acceleration you can choose one of the software devices (D3DDEVTYPE_REF,
D3DDEVTYPE_SW. After that we have the window handle. The next parameter is the vertex processing.
This could either be software (D3DCREATE_SOFTWARE VERTEXPROCESSING) oOr hardware
(D3DCREATE_HARDWARE_VERTEXPROCESSI NG). The second is only possible if your hardware consists of a
hardware TnL unit. Otherwise you must use software vertex processing. The next parameter is the
address of the structure m present Par anet ers, Which holds the device information. Last, but not
least, the device itself.

i f (FAI LED( m_pDi r ect 3DObj ect - >Cr eat eDevi ce( DSBDADAPTER_DEFAULT,
D3DDEVTYPE_HAL,
m_hW ndow,
m_dwVer t exPr ocessi ng,
&m Pr esent Par anet ers,
&m pDi r ect 3DDevi ce)))

{
MessageBox(m hW ndow, " Cr eat eDevi ce() failed!'","InitD3D()", MB_OK);

m _bRunni ngD3D = fal se;
}

At the end we deactivate the cursor, because it isn't needed in our Direct3D applications. Now were
Direct3D is initialized we have to call 1 nitScene() and checkbDevi ceCaps(). The second wont be
explained, because it has no functionality, yet. It'll later be used to check necessary device
capabilities.

ShowCur sor (f al se);

I nitScene();
CheckDevi ceCaps() ;
} //1nitD3D

Now where we have created the device we initialize the scene. First we create the projection matrix
with help of the Direct3DX function p3Dxwmat ri xPer specti veFovLH() . Here we use the variables
defined in the constructor. The function creates with the aspect ratio, the field of view and the near
and far clipping plane a projection matrix for a left-handed coordinate system. The left-handed
coordinate system is the common one for Direct3D. At the end we send the matrix to the device.
The next thing isto set the filter for all texture stages. The minification and magnification filters are
set to bi-linear filtering (D3DTEXF_LI NEAR). The mip filter is set to D3DTEXF_ANI SOTROPI C. The level of
anisotrophy can be chosen in the settings dialog and is set here as the maximum.

voi d CApplication::InitScene(void)
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D3DXMat ri xPer spect i veFovLH( &m nat Pr oj ecti on,
m f Fi el dOF Vi ew,
m f Aspect Rat i o,
m f Near Pl ane,
m f Far Pl ane) ;
m _pDi r ect 3DDevi ce- >Set Tr ansf or m( D3DTS_PRQIECTI ON, &m mat Pr oj ecti on) ;

for(unsigned i = 0;i < 8;++)

m pDi r ect 3DDevi ce- >Set Sanpl er St at e(i ,
D3DSAMP_M NFI LTER,
D3DTEXF_LI NEAR) ;
m_pDi r ect 3DDevi ce- >Set Sanpl er St at e(i ,
D3DSAMP_VAGFI LTER,
D3DTEXF_LI NEAR) ;
m _pDi r ect 3DDevi ce- >Set Sanpl er St at e(i ,
D3DSAMP_M PFI LTER,
D3DTEXF_ANI SOTROPI C) ;
m pDi r ect 3DDevi ce- >Set Sanpl er St at e(i ,
D3DSAMP_NVAXANI SOTRCOPY,
m_dwAni sot r opy) ;

}
} //1nitScene

The next function checks if the device got lost. We get the current cooperative level and check if it
is logt, if we can restore it or if everything is okay. The device will get lost when you press
ALT+TAB. Then we cannot restore it and return f al se, so that the render part in main.cpp will not
processed. When we return to the program the return value is D3DERR_DEVI CENOTRESET and we can
reset the device. We again do this with the function reset () and must then init the scene again,
because every information got lost. In this case we return t r ue, So that we can go on with rendering.
If you reset the device you also have to recreate al buffers created with bspPooL_DEFAULT.
bool CApplication:: CheckDevi ce(voi d)

/'l check device
swi t ch(m pDirect 3DDevi ce- >Test Cooper ati veLevel ())

case D3DERR DEVI CELOST: return fal se;
case D3DERR _DEVI CENOTRESET:

//reset device
i f (FAILED( m pDi r ect 3DDevi ce- >Reset (&m Pr esent Paraneters)))

{
MessageBox(m hW ndow, "Reset () failed!","CheckDevice()", MB_ K);
return fal se;

}

/linit scene again
I nitScene();

return true;
default: return true;

}
} 1/ CheckDevi ce

At the end we have to clean-up, of course. With this function we release al objects, that were used
for Direct3D. Thisfunction is used in the destructor.

voi d CApplication::KillDirect3D(void)

i f(m_pDirect3DDevice != NULL)
{
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m _pDi r ect 3DDevi ce- >Rel ease();
m _pDi rect 3DDevi ce = NULL;
}

i f(m_pDirect3DObj ect != NULL)

m pDi r ect 3DMbj ect - >Rel ease() ;
m pDi rect 3DObj ect = NULL;

}
} //KillDirect3D

winproc.cpp

In thisfile we just have to update some of the messages. First we add everything to the start button,
that is needed to initialize Direct3D. We activate the Direct3D main loop and call 1 ni t bi rect 30() .
One thing we aso have to do is to set the focus on our window, because it loses the focus when we
quit the message loop of the settings dialog.

case | D_START:
{
g_App. SaveSettings();
g_App. Set W ndowst at us(f al se);
g_App. Set D3DSt at us(true); //activate D3D | oop

Set Focus( hW ndow) ; //set w ndow focus
g_App. I ni t D3D() ; /linit Direct3D
br eak;

}

When we get awv DESTROY message, the Direct3D loop has to be finished, too.

case WM _DESTROY:

{

g_App. Set W ndowsSt at us(f al se);

g_App. Set D3DSt at us(fal se); //stop Direct3D | oop
br eak;

}

main.cpp

The following part is necessary to quit the program when the initiaization of Direct3D failed,
because between two loops we usually create all further objects like Directlnput, etc. We cannot do
this, because we have no valid Direct3D device, therefore we have to avoid this program part.

i f(!g_App. Get D3DSt at us())
return Message. wPar am

The main render part will only processed if the deviceis not lost. Intheif clause we first clear the
screen by calling d ear (). The first two parameters define rectangles, which can be used to clear
only parts of the buffers. In our case we want to clear the whole buffers, therefore we set these
parameters to o and NuLL. The next flag defines, which buffers should be cleared. Possible values
are D3DCLEAR TARGET for the current render target, b3DcLEAR zBUFFER for the depth buffer and
D3DCLEAR_STENC L for the stencil buffer. The next three parameters define, which values are used to
clear the buffers. In this case we fill the back buffer with black, the depth buffer with 1. of and the
stencil buffer with 0. At the end we call present (), which presents the contents of the back buffer
on the screen. Between these two functions everything in the next tutorials will be drawn.
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whi | e( g_App. Get D3DSt at us())
i f (PeekMessage( &vessage, NULL, 0, 0, PM_ REMOVE) )

Tr ansl at eMessage( &\vessage) ;
Di spat chMessage( &vessage) ;
}

i f (g_App. CheckDevice()) //check device (NEW

g_App. CGet Devi ce()->C ear (0,
NULL,
D3DCLEAR TARCET | D3DCLEAR_ZBUFFER,
D3DCOLOR_XRGB( 0, 0, 0),
1. 0f,
0);

[/ copy entire screen (NEW
g_App. Get Devi ce() - >Present ( NULL, NULL, NULL, NULL) ;
}

}

The application classisfinished now. In the next tutorial we start drawing some polygons.
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