Tutorial 1: Simple Camera
by Costa Itskov

Content

Hey all. Just to make myself clear on the subject: Thisis my first tutorial, which | write down on
paper and someone actually posts it. If you have some problems with understanding please don't
get angry. Just contact me by mail and I'll be happy to help you. Anyways in this tutorial I'll
explain how to do a simple camera with one way of overcoming the so called Gimble Lock. For
those of you who don't know what it is I'll give an example later on and you will see with your
own eyeswhat exactly itis.

Note that thisis not a time based movement. The speed of the camera depends on the frame rate.
Here we have asimplelist of files that are needed.

Well let's stop talking and do some coding, shall we? Note: you must have a decent
understanding in vector math.

ccamera.h

We start in the header file of the camera class. It's nothing specia here. Just the constructor,
some functions to update the camera position and view direction and some necessary variables.
They will be explained later on.

#i f ndef ccanera_h
#define ccanmera_h

#i ncl ude" mai n. h"

cl ass CCaner a

t
public:
CCanrer a(voi d) ;
voi d Updat e(void); //update canera
voi d Move(voi d) ; [/ move canera
voi d Rotate(void); //rotate view
private:
D3DXVECTOR3 m vVEyePt , [/ eye point
m vLookAtPt, //look-at target
m_vUp; //world' s up vector
f | oat m f Speed; /I movenment speed
D3DXMATRI X m_mat Vi ew, [/view matrix
Ji5
#endi f
ccamer a.cpp

The implementation of the class begins here.

voi d CCaner a: : Move(voi d)

{
D3DXVECTOR3 vDirection;
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D3DXVec3Nor nal i ze( & Di recti on,
&(mvLookAtPt - mvEyePt)); //create direction vector

i f (g_pl nput - >KeyPressed(Dl K_W)
i f (g_pl nput - >KeyPressed(DI K LSHI FT)) //fast novenent
{

m VEyePt += vDirection * (m.fSpeed * 4);
m vLookAt Pt += vDirection * (mfSpeed * 4);
}

el se

{
m vEyePt += vDirection * mf Speed;
m vLookAt Pt += vDirecti on * mf Speed,;
}
}

i f(g_pl nput - >KeyPr essed(Dl K_S))
i f(g_pl nput - >KeyPressed(DI K LSHI FT)) //fast novenent
{

m VvEyePt -= vDirection * (m.fSpeed * 4);

m vLookAtPt -= vDirection * (mfSpeed * 4);
}
el se

{ N

m VEyePt -= vDirection * mf Speed;

m vLookAt Pt -= vDirection * mf Speed,

}

}

Wow... A lot of code and we have just started, don't you think? But don't leave, yet. All that code is
pretty simple since most of it does the same, with little changes, like moving forward or backwards.
In the first line of code | create vbi rection. Thiswill just be the movement direction, that will be
added to the camera view vector, which goes from the eye point to the look-at point. The direction
vector has to be unit length and is therefore normalized with p3bxvec3Nor nal i ze() .

The next piece of codeis pretty ssmple. If the wor s button is pressed we simply add or substract the
direction vector to the eye and look-at point. By pressing sHi FT as well the movement speed is
increased four times.

Okay, the above code was about moving forward and backwards. The next part covers strafing.

i f (g_pl nput - >KeyPr essed( DI K_A))
{

D3DXVec3Cross(&vDirection, &Direction, &m vUp); //create strafe vector
D3DXVec3Nor mal i ze( & Direction, &Di rection);

i f(g_pl nput - >KeyPressed(DI K LSH FT)) //fast novenent
{
m vVEyePt += vDirection * (m.fSpeed * 4);
m vLookAt Pt += vDirection * (mfSpeed * 4);
}
el se
m vVEyePt += vDirection * m f Speed;
m vLookAt Pt += vDirection * mf Speed,

}
}

i f(g_pl nput - >KeyPr essed( Dl K_D))

D3DXVec3Cross(&vDirection, &Direction, &m vUp); //create strafe vector
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D3DXVec3Nor mal i ze( & Direction, &Di rection);

i f(g_pl nput - >KeyPr essed(DI K LSHI FT)) //fast novenent
{

m VvEyePt -= vDirection * (m.fSpeed * 4);
m vLookAtPt -= vDirection * (mfSpeed * 4);
}

el se
m VEyePt -= vDirection * m f Speed;
m vLookAt Pt -= vDirection * mf Speed,;

}

}

} // Move

First let's figure out how strafing works. Strafing is nothing more than moving sideways. The
appropriate direction vector must be perpendicular to both the camera view vector and the heads-up
vector. To get this vector we simply take the cross product of both and normalize the result. Then
we repeat the steps above and add or subtract the direction vector from vEyept and vLookAt Pt
depending on the buttons that were pressed. Well that's all about movement. Let's do some rotation
NOW.

The following function has not alot of code, but it's pretty tricky and I'll try to explain it as best as |
can. First of all two vectors and two matrices are needed. Looking left and right is quite easy. You
just have to rotate around the z-axis. However, looking up and down requires to rotate around the
axis that was used for strafing (vRot Axi s). The rotation matrices are created based on the mouse
input. In Direct3D radians are used for rotation and therefore the input is scaled down to avoid too
rapid camera movement.

voi d CCanera:: Rotate()

{
D3DXVECTOR3 vDirection, vRot Axi s;
D3DXMATRI X mat Rot Axi s, mat Rot Z;

D3DXVec3Nor nal i ze( & Di recti on,
&(mvLookAtPt - mvEyePt)); //create direction vector

D3DXVec3Cr oss( & Rot Axi s, &/Direction, &m vUp); //strafe vector
D3DXVec3Nor nal i ze( & Rot Axi s, & Rot Axi s) ;

//create rotation matrices
D3DXMat ri xRot at i onAxi s( &mat Rot Axi s,
&vRot AXi s,
g_pl nput - >Get Rel ati veY() / -360);

D3DXMat r i xRot at i onZ( &mrat Rot Z, g_pl nput - >Get Rel ati veX() / -360);

To change the view direction the look-at point has to be rotated around the eye point. Rotation is
only possible around the origin. Therefore, this is done with the direction vector. The function
D3DXVec3Tr ansf or mOoor d() IS used to multiply a point with a matrix. In this case the matrices are
multiplied to combine both rotations. After that the eye point is added to consider the translation as
well.

//rotate direction

D3DXVec3Tr ansf or nCoor d( & Di recti on, & Directi on, & mat Rot Axi s * mat Rot Z) ) ;
//rotate up vector

D3DXVec3Tr ansf or nCoor d( &m vUp, &m vUp, & mat Rot Axi s * mat Rot Z2) ) ;
//transl ate up vector

m vLookAt Pt = vDirection + mVvEyePt;

} //Rotate
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The up vector is transformed as well because a problem called Gimble Lock would occur otherwise.
This phenomenon appears when two axes get close to each other resulting in unforeseen
consequences.

Each frame the update() function is caled to create and set the view matrix. Rotation and
trangdlation are handled automatically.

voi d CCaner a: : Updat e(voi d)

‘I{?otate();
Move() ;

//create view matrix

D3DXMat r i xLookAt LH( &m nat Vi ew, &m vEyePt , &m vLookAt Pt , &m vUp) ;
//set view matrix

0_App. Get Devi ce() - >Set Tr ansf or m( D3DTS_VI EW &m nat Vi ew) ;

} // Updat e

Well we are done. | hope it was easy to understand. For questions, just contact me.
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