Flexible Camera

Building a Flexible Camera Class

O Camera Design
O Implementation Details
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#include <d3dx9.h>

class Camera {

public:
enum CameraType { LANDOBJECT, AIRCRAFT };
Camera();
Camera(CameraType cameraType);
~Camera();
void strafe(float units); // Ieft/ rlght
void ﬂy&float units); // up/do
void walk(float units); // forward /backward
void pitch(float an le) / / rotate on right vector
void yawg oat an, // rotate on up vector
void roll(float ang e) / / rotate on look vector
void getVlewMatrlx(D3DXMATRIX* V);
void setCameraT pe(CameraT e cameraType);
void getPosition 3DXVECTO 3* pos)
void setPosition(D3DXVECTOR3*
void getnght D3DXVECTORS3* right
void getUp(D3DXVECTOR3* up);
void getLook(D3DXVECTOR3* look)

private:
CameraTy Cﬁ‘ cameraType,
D3DXVECTORS3 _right;

D3DXVECTOR3 _up;
D3DXVECTOR3 _look;
D3DXVECTORS3 _pos;

Camera Design

View Matrix

#include “camera.h”

Camera::Camera() {
_cameraType = AIRCRA
_pos = D3DXVECTOR3 0 Of 0.0f, 0. Of
_right = D3DXVECTOR3(1. 0f, 0.0f, 0.
_up = D3DXVECTOR3(0.0f, 1.0f, 0. Of
_look = D3DXVECTOR3(0 0f, 0.0f, 1. f)

Camera::Camera(CameraT};pe cameraType) {
_cameraT = camera
_pos =D3 XVECTOR3g Of 0.0f, 0. Of
_right = D3DXVECTORS3(1. 0f, 0.0f, 0.
_up = D3DXVECTOR3(0.0f, 1.0f, 0. Of
_look = D3DXVECTOR3(0. 0f, 0.0f, 1. f)

}

Camera::~Camera() {}

void Camera::getPosition(D3DXVECTOR3* pos) *pos = _pos; }

void Camera::setPosition(D3DXVECTOR3* li\ pos = *pos; }

void Camera::getRight(D3DXVECTOR3* r1 rlght = _right; }

void Camera::getUp(D3DXVECTOR3* u}_i up; }

void Camera::getLook(D3DXVECTOR3* ook) *look = _look; }

void Camera::setCameraType(CameraType cameraType) {_ CameraType = cameraType; }

¥
Z e =w'E
e’V =w'
V=£1




View Matrix
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View Matrix

O View space transformation - ¥ 3} 34 v

p = (Px Py, P,) : position vector
r = (r, 1, 1,) : right vector

u = (u, u,, u,) : up vector

1= (L, 1, 1,) : look vector

pV=1(0,0 0): origin
rV=(1,0,0):x-axis
uV=(0,1,0):y-axis
IVv=(0,0,1): z-axis
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View Matrix Transformation: Translation
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View Matrix Transformation: Rotation
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View Matrix Transformation: Rotation
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Camera :: getViewMatrix ()

void Camera::getViewMatrix(D3DXMATRIX* V)
{

// Keep camera's axes orthogonal to each other
D3DXVec3Normalize(&_look, &_look);

D3DXVec3Cross(&_up, &_look, &_right);
D3DXVec3NormahzeF& up, &_up);

D3DXVec3Cross(&_right, &_up, &_look);
D3DXVec3Normahzeg rlght &_right);

// Build the view matrix:

float pr = -D3DXVec3Dot(&_right, &_pos);
float pu = D3DXV€C3D0’[§t up, &_pos);
float pl = -D3DXVec3Dot( Took, & _pos);

*V)(0, 0) = _right.x; *V 0,1) =_up.x; (*V)(0,2) = _look.x; (*V)(O 3) = 0.0f;
*V)(1, 0) = _right.y; (*V)(1, 1) = _up.y; (*V)(1, 2) = _look.y; (* g 3) =0.0f;
*V) (2, 0) = _right.z; (*V 2,1)=_up.z; (*V (2, 2) = _look.z; *V 3) = 0.0f;
*V)(3, 0) = pr; (*V)(3, )—pu (*V)(3, 2) =pl; 3,3) = 1.0f:
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Rotation Axis/Angle to Rotation Matrix

Yaw, Pitch, Roll

O 3] 3 5 (axis)/ 2} (angle) = 5-E] th 7} 22 3| d g4
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D3DXMATRIX &D3DXMatrixRotationAxis (
D3DXMATRIX *pOut, // output rotation matrix
CONST D3DXVECTOR *pV, // arbitrary axis
FLOAT Angle); // angle of rotation (in radians)

= Al vector (0.707, 0.707, 0) = A o] & 7IF O % pi/2vkE 314
D3DXMATRIX R;

D3DXVECTORS3 axis(0.707f, 0.707f, 0.0f);
D3DXMatrixRotationAxis(&R, &axis, D3DX_PI1/2.0f) Z A

Yaw, Pitch, Roll

Camera :: pitch () and yaw ()
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?oid Camera::pitch(float angle)

D3DXMATRIX T;
D3DXMatrixRotationAxis(&T, &_right, angle);

// rotate _up and _look around _right Vector
D3DXVec3TransformCoord(&_up, E)
D3DXVec3TransformCoord(&_look,&_look, &T

}

void Camera::yaw(float angle)
D3DXMATRIX T;

// rotate around world I\%I (0,1, 0) always for land object
1f( _cameraType == LA DOB]ECT
D3DXMatrixRotationY (&T, angle)

// rotate around own up vector for aircraft
if(_cameraType == AIRCRAFT)
D3DXMatrixRotationAxis(&T, &_up, angle);

// rotate _right and _look around uE or y-axis
D3DXVec3TransformCoord(&_right,&_right, &T);
D3DXVec3TransformCoord(&_look,& look &T)




void Camera::roll(float angle)

// only roll for aircraft t&e
if( _cameraType == AIRCRAFT )

D3DXMATRIX T;
D3DXMatrixRotationAxis(&T, &_look, angle);

// rotate _up and _right around _look vector
D3DXVec3TransformCoord(&_right,&_right, &T);
D3DXVec3TransformCoord(&_up,&_up, &T);

O Strafe/Fly/Walk - up/right/look vectorg 7]& 0. = o] &
ol &3t A} 3= A7) /vkeke] WE S dEhd ¥

o LANDOBJECT:
xzHH o 2 &R eS8 A 3s|lo]of
71 g0l Agto A A4S =
A/ A8 S 22+ Wy
Camera::setPosition %
7Veate s

P R P=P+R

void Camera::walk(float units)

// move only on xz plane for land object
if( _cameraType == LANDOBJECT )

_pos += D3DXVECTOR3(_look.x, 0.0f, _look.z) * units;
if( _cameraType == AIRCRAFT)

_pos +=_look * units;

}
void Camera::strafe(float units)

// move only on xz plane for land object
if( _cameraType == LANDOBJECT)

_pos += D3DXVECTOR3(_right.x, 0.0f, _right.z) * units;
if( _cameraType == AIRCRAFT)

_pos += _right * units;

}

?oid Camera::fly(float units)
// move only on y-axis for land o}[)ject
if( _cameraType == LANDOBJECT)
_pos.y += units;
if( _cameraType == AIRCRAFT)
_pos += _up * units;




Control Keys

Example: DrawBasicScene

o W/S-3%l /%% (Walk forward/backward)
OA/D-9% /&% 9454 (Strafe left/right)
oR/F-9 /ot &7 (Fly up / down)

O Left / Right arrow keys - Yaw
O Up / Down arrow keys - Pitch
o N/ M-Roll

o d3dUtility.h

bool DrawBasicScene(
IDirect3DDevice9* device, // pass in 0 for cleanup
float scale); // uniform scale

struct Vertex {

Vertex() {}

Vertex(float x, float y, float z, float nx, float ny, float nz, float u, float v)

{
X=X Y=Y, 257
_NX =nx; _Ny =ny; _Nnz =nz;
_u=u;_v=v;

}

float _x, _y, _z;

float _nx, _ny, _nz;

float _u, _v;

static const DIWORD FVF;

Example: DrawBasicScene

Example: DrawBasicScene

bool d3d::DrawBasicScene(IDirect3DDevice9* device, float scale) {
static IDirect3DVertexBuffer* floor = 0;
static IDirect3DTexture9* tex = 0;
static ID3DXMesh* pillar = 0;
HRESULT hr = 0;
if (device == 0) {
if (floor && tex && pillar) {
d3d::Release<IDirect3DVertexBuffer9*>(floor);
d3d::Release<IDirect3DTexture9*>(tex);
d3d::Release<ID3DXMesh*>(pillar);
} else if (!floor && !tex && !pillar) {
device->CreateVertexBuffer(6 * sizeof(d3d::Vertex), 0,
d3d::Vertex:FVF, D3ADPOOL_MANAGED, &floor, 0);
Vertex* v =0;
floor->Lock(0, 0, (void**) &v, 0);
v[0] = Vertex(-20.0f, -2.5f, -20.0f, 0.0f, 1.0f, 0.0f, 0.0f, 1.0f);
v[1] = Vertex(-20.0f, -2.5f, 20.0f, 0.0f, 1.0f, 0.0f, 0.0f, 0.0f);
v[2] = Vertex( 20.0f, -2.5f, 20.0f, 0.0f, 1.0f, 0.0f, 1.0f, 0.0f);

v[5] = Vertex(-20.0f, -2.5f, -20.0f, 0.0f, 1.0f, 0.0f, 0.0f, 1.0f);
floor->Unlock();

D3DXCreateCylinder(device, 0.5f, 0.5f, 5.0f, 20, 20, &pillar, 0)
D3DXCreateTextureFromFile(device, “desert.bmp”, &tex)
} else {
device->SetSamplerState(0, DADSAMP_MAGFILTER, D3DTEXF_LINEAR);
device->SetSamplerState(0, D3ADSAMP_MINFILTER, D3DTEXF_LINEAR);
device->SetSamplerState(0, DADSAMP_MIPFILTER, D3DTEXF_POINT);
D3DXVECTORS3 dir(0.707f, -0.707f, 0.707f);
D3DXCOLOR col(1.0f, 1.0f, 1.0f, 1.0f);
D3DLIGHT?Y light = d3d::InitDirectionalLight(&dir, &col);
device->SetLight(0, &light);
device->LightEnable(0, true);
device->SetRenderState(D3DRS_NORMALIZENORMALS, true);
device->SetRenderState(D3DRS_SPECULARENABLE, true);
// render

D3DXMATRIX T, R, P, S;

D3DXMatrixScaling(&S, scale, scale, scale);

D3DXMatrixRotationX(&R, -D3DX_PI *0.5f);




Example: DrawBasicScene

Example: Camera

// draw floor
D3DXMatrixIdentity(&T);
T=T*S;
device->SetTransform(D3DTS_WORLD, &T);
device->SetMaterial(&d3d::WHITE_MTRL);
device->SetTexture(0, tex);
device->SetStreamSorce(0, floor, 0, sizeof(Vertex));
device->SetFVF(Vertex::FVF);
device->DrawPrimitive(D3DPT_TRIANGLELIST, 0, 2);
// draw pillar
device->SetMaterial(&d3d::BLUE_MTRL);
device->SetTexture(0, 0);
for (inti=0;1<5; i++) {
D3DXMatrixTranslation(&T, -5.0f, 0.0f, -15.0f + (i * 7.5f));
T=T*S;
device->SetTransform(D3DTR_WORLD, &P);
pillar->DrawSubset(0);
D3DXMatrixTranslation(&T, 5.0f, 0.0f, -15.0f + (i * 7.5f));
P=R*T*S;
device->SetTransform(D3DTR_WORLD, &P);
pillar->DrawSubset(0);
}

}  return true; }

#include “d3dHelper.h”
#include “d3dUtility.h”
#include “camera.h”
IDirect3DDevice9* Device = 0;
const int Width = 640;

const int Height = 480;

Camera TheCamera(Camera:LANDOBJECT);

bool Setup() {

d3d::DrawBasicScene(Device, 0.0f);

// projection matrix

D3DXMATRIX proj;

D3DXMatrixPerspectiveFovLH(&proj, D3DX_PI * 0.25f, (float) Width/ (float)
Height, 1.0f, 1000.0f);

Device->SetTransform(D3DTS_PROJECTION, &proj);

return true;

}

void Cleanup() {
// pass 0 for the first parameter to clean up
d3d::DrawBasicScene(0, 0.0f);

Example: Camera

Example: Camera

bool Display(float timeDelta) {
if (Device) {
if (::GetAsyncKeyState('W’) & 0x8000f) TheCamera.walk( 4.0f*timeDelta);
if (:GetAsyncKeyState('S") & 0x8000f) TheCamera.walk( -4.0f*timeDelta);
if (::GetAsyncKeyState("A”) & 0x8000f) TheCamera.strafe( -4.0f*timeDelta);
if (::GetAsyncKeyState('D’) & 0x8000f) TheCamera.strafe( 4.0f*timeDelta);
if (:GetAsyncKeyState('R’") & 0x8000f) TheCamera.fly( 4.0f*timeDelta);
if (:GetAsyncKeyState('F’) & 0x8000f) TheCamera.fly( -4.0f*timeDelta);
if (::GetAsyncKeyState(VK_UP) & 0x8000f)
TheCamera.pitch( 1.0f*timeDelta);
if (::GetAsyncKeyState(VK_DOWN) & 0x8000f)
TheCamera.pitch( -1.0f*timeDelta);
if (::GetAsyncKeyState(VK_LEFT) & 0x8000f)
TheCamera.yaw( -1.0f*timeDelta);
if (::GetAsyncKeyState(VK_RIGHT) & 0x8000f)
TheCamera.yaw( 1.0f*timeDelta);
if (:GetAsyncKeyState("N") & 0x8000f)
TheCamera.roll( 1.0f*timeDelta);
if (::GetAsyncKeyState("M’) & 0x8000f)
TheCamera.roll( -1.0f*timeDelta);

// update the view matrix representing the camera
D3DXMATRIX V;

TheCamera.getViewMatrix(&V);
Device->SetTransform(D3DTS_VIEW, &V);

// render

Device->Clear(0, 0, DADCLEAR_TARGET | D3DCLEAR_ZBUFFER, 0x00000000, 1.0f, 0);
Device->BeginScene();
d3d::DrawBasicScene(Device, 1.0f);
Device->EndScene();

Device->Present(0, 0, 0, 0);

}

return true;




