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Basic Terrain Rendering

Heightmap

O Heightmaps
= Abojup Al ah e AA e 2 A Y-S 3] 218 AP <

lr—o] ;GE xg ‘?3

O Generating the Terrain Geometry

= A 913 wE ek b7y dlolE 9] A Wy
O Texturing & Lighting

w X Gl 2} B 9] A8 Uy

O Walking on the Terrain
w ZhlEkE A F el A7, A e wEt AAY HE
O Terrain < A

O+
i

0 °| % (heightmap)
w A AL (terrain grid) W o] W e 2=9] o] ghe Q4= 7HA| AL
R vl (2l 0% )

u 1WF 7} Q2 (element)ol] & Who] E (byte)] v &2 2 (0~255)
ool upet det= e E whe =4
Gray-scale map (0: %2 3%, 255: 2 3L%)

w S HE ghS ALEske] HlolE ¢17] Al - A A A FolE 2

. —

Gray-scale® X3 ¥ Fo|




Creating Heightmap

Loading RAW Heightmap File
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Loading RAW Heightmap File

Accessing and Modifying Heightmap

std::vector<int> _heightmap; /* terrain.h */
bool Terrain::readRawFile(std::string fileName) /* terrain.cpp */

{

// Restriction: RAW file dimensions must be >= to the dimensions of the terrain.
// Thatis a 128x128 RAW file can only be used with a terrain constructed with
// at most 128x128 vertices.

// A height for each vertex

std::vector<BYTE> in( _numVertices );

std::ifstream inFile(fileName.c_str(), std::ios_base::binary);

if( inFile == 0) return false;

inFile.read((char*)&in[0], // buffer
in.size());/ / number of bytes to read into buffer

inFile.close();

// COEy BYTE Vector to INT vector
_heightmap.resize( _numVertices );

for(inti=0; i < in.size(); i++)
helghtmap[I] =1n[i];

return true;
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int Terrain::getHeightmapEntry(int row, int col)

{

return _heightmap[row * _numVertsPerRow + col];

void Terrain::setHeightmapEntry(int row, int col, int value)

{

_heightmap[row * _numVertsPerRow + col] = value;




Generating the Terrain Geometry
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Generating the Terrain Geometry

class Terrain {
public:

Terrain(IDirect3DDevice9* device, std::strin; heightma FileName,
int numVertsPerRow, int numVertsPer%oI, int cellSpacing,
float heightScale);

~Terrain();

float getHeight(float x, float Z);

bool loadTexture(std::string fileName);

bool enTexture)& 3DXVECTOR3* directionToLight);

bool draw(D3DXMATRIX* world, bool drawTris%';

rivate:
P IDirect3DDevice9* _device; IDirect3DTexture9* _tex;
IDirect3DVertexBuffer9* _vb; IDirect3DIndexBuffer9* _ib;
int _numVertsPerRow; int _numVertsPerCol; int _cellSpacing;
int _numCellsPerRow; int _numCellsPerCol;
int _width; int _depth;
int _numVertices; int _numTriangles; float _heightScale;

bool computeVertices(); bool computelndices();

bool lightTerrain(D3DXVECTOR3* irectionToLi§ht%;

float computeShade(int cellRow, int cellCol, D3DXVECTOR3* directionToLight);
// TerrainVertex structure

std::vector<int> _heightmap;

TerrainVertex Structure
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struct TerrainVertex

{

TerrainVertex(){}
TerrainVertex(float x, float y, float z, float u, float v)

{

X=X, Y=YV, _Zz=2z _U=U;_V=Y;
}

float _x, _y, _z;

float _u, _v;

static const DWORD FVF;
5

const DWORD Terrain:: TerrainVertex:FVF = D3DFVF_XYZ | D3DFVF_TEX1;

Terrain Constructor

Terrain::Terrain(IDirect3DDevice9* device,  std:string heightmapFileName,
int numVertsPerRow, int numVertsPerCol, int cellSpacing, float heightScale)
{

_device = device;

_numVertsPerRow = numVertsPerRow;
_numVertsPerCol = numVertsPerCol;

_cellSpacing = cellSpacing;

_numCellsPerRow = _numVertsPerRow - 1;
_numCellsPerCol = _numVertsPerCol - 1;

_width = _numCellsPerRow * _cellSpacing;

_depth = _numCellsPerCol * _cellSpacing;
_numVertices =_numVertsPerRow * _numVertsPerCol;
_numTriangles = _numCellsPerRow * _numCellsPerCol * 2;
_heightScale = heightScale;

if (IreadRawFile(heightmapFileName)) { // load heightma
(::MessageBox((O, ‘greangwFiIe - F/i)ILED”, 0, 0); 8 P
::PostQuitMessage 0); }

for (inti=0;i< _hel tmag.size(); i++) // scale heights
_heightmapl[i] *= heightScale;

if ('computeVertices()) { // compute the vertices
::MessageBox(0, “computeVertices - FAILED”, 0, 0);
:PostQuitMessage(0);

if (!computelndices%)) {// compute the indices
::MessageBox(0, “computelndices - FAILED”, 0, 0);
:PostQuitMessage(0);




Computing Terrain Vertex

Computing Terrain Vertex
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bool Terrain::computeVertices()
HRESULT hr = 0;

hr= deVlce—>CreateVertexBuffer(
_numVertices * sizeof(TerrainVertex),
D3DUSAGE_WRITEONLY, Terrain ertex::FVF,
D3DPOOL_MANAGED, &_vb, 0);

if(FAILED(hr))
return false;

// coordinates to start generating vertices at
int startX = -_width / 2;
int startZ = _depth / 2;

// coordinates to end generating vertices at
intendX = _width / 2;
intendZ = -_depth / 2;

// compute the increment size of the texture coordinates

/ from one vertex to the next.
float uCoordIncrementSize = 1.0f / (float)_numCellsPerRow;
float vCoordIncrementSize = 1.0f / (float)_numCellsPerCol;

Computing Terrain Vertex

Computing Terrain Indices

TerrainVertex* v =
_vb->Lock(0, 0, (V01d**)&v 0);

inti=0;

for(int z = startZ; z >= endZ; z -= _cellSpacing) {
intj=0;
foremt x = startX; x <= endX; x += _cellSpacing)

// aA vertex 9] vertex buffer3} he1ghtmap0ﬂ‘/‘1 o] index& 7%t
int index = i * _numVertsPerRow + j;

v[index] = TerrainVertex(
float)x,
float helghtmap[mdex]
float)z,
float)j * uCoordIncrementSize,
float)1 VCoordlanementSlze)
j*+; // next column

i++; // next row

_vb->Unlock();

return true;
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Vertex Column j
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Vertex Row i+1 — ¢ D
(m, n)

AABC = {i-numVertsPerRow+ j, i-numVertsPerRow+ j+1, (i+1)-numVertsPerRow+ j}

ACBD = {(i +1)- numVertsPerRow+ j, i-numVertsPerRow+ j+1, (i +1)-numVertsPerRow+ j +1}




Computing Terrain Indices

bool Terrain::computelndices()
HRESULT hr = 0;

hr = _device->CreatelndexBuffer
_numTriangles * 3 * sizeof( ORD]%, // 3 indices per tri.
D3DUSAGE_WRITEONLY, D3 FMT_INDEXF6,
D3DPOOL_MANAGED, ib, 0);

if(FAILED(hr))
return false;

Computing Terrain Indices

WORD* indices = 0;
_ib->Lock(0, 0, (void**)&indices, 0);

// l13qu;1dd§ ‘?}%’% 2712] 228 (67119] index) o & 43 &
int baselndex = 0;

// loop through and compute the triangles of each quad
for(inti= 0; i <_numCellsPerCol; i++)

for(int j = 0; j < _numCellsPerRow; j++)

indices i*
indices
indices

baselndex]

= _numVertsPerRow + j;
baselndex + 11 =

* _numVertsPerRow +j +1;

i
baselndex + 2] = (i+1) * _numVertsPerRow + j;

indices[baselndex + 3] = (i+12 * _numVertsPerRow + j;
indices|[baselndex + 4] = i numVertsPerRow +j + 1;
indices[baselndex + 5] = (i+1) * _numVertsPerRow +j + 1;

// next quad
\ baselndex += 6;
}

_ib->Unlock();
return true;

Terrain Texturing
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bool Terrain::loadTexture(std::string fileName)
{

HRESULT hr = 0;

hr = D3DXCreateTextureFromFile(_device, fileName.c_str(), &_tex);

if(FAILED(hr)) return false;

return true;

Terrain Texturing
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Terrain Texturing

1{0001 Terrain::genTexture(D3DXVECTOR3* directionToLight)

// Method fills the top surface of a texture procedurally. Then
// lights the top surface. Finally, it fills the other mipmap

/ surfaces based on the top surface data using D3DXFilterTexture.
HRESULT hr = 0;

// texel for each quad cell
int texWidth = _numCellsPerRow;
int texHeight = _numCellsPerCol;

// create an empty texture

hr = D3DXCreateTexture(_device,
texWidth, texHeight,
0, // create a complete mipmap chain
0, // usage

DSDFMTg_XSRBGSBS,/ / 32 bit XRGB format

D3DPOOL_MANAGED, &_tex);

if(FAILED(hr)) return false;

D3DSURFACE_DESC textureDesc;
_tex->GetLevelDesc(0 /*level*/, &textureDesc);

/ make sure we got the requested format because our code
// that fills the texture is hard coded to a 32 bit pixel depth.
if( textureDesc.Format != DSDFMT_X8R8GS8B8 ) return false;

Terrain Texturing

D3DLOCKED_RECT lockedRect;
_tex->LockRect(0 /*lock top surface*/, &lockedRect,
0 /*lock entire tex*/, 0 /*flags*/);

DWORD* imageData = (DWORD*)lockedRect.pBits;
for(inti = 0; i < texHeight; i++) {
for(int j = 0; j < texWidth; j++) {
DSDX&OLOR c

// get height of upper left vertex of quad.
float height = (float)getHeightmapEntry(i, j) / _heightScale;

if( (height) < 42.5f ) ¢ =d3d::BEACH_SAND;

else if( (height) < 85.0f ) ¢ =d3d:LIGHT_YELLOW_GREEN;
else if( (height) < 127.5t c = d3d::PUREGREEN;

else if( (height) <170.0f c = d3d::DARK_YELLOW_GREEN;
else if( (height) < 212.5f c = d3d::DARKBROWN;

else c = d3d::WHITE;

// fill locked data, note we divide the pitch by four because the
// pitch is given in bytes and there are 4 bytes per DWORD.
} imageData[gl* lockedRect.Pitch / 4 +j] = (D3DCOLOR)c;
}

_tex->UnlockRect(0);

Terrain Texturing

if(!lightTerrain(directionToLight))

{
::MessageBox(0, "lightTerrain() - FAILED", 0, 0);
return false;

hr = D3DXFilterTexture(_tex,
0, // default palette
0, // use top level as source level
D3DX_DEFAULT); // default filter

if(FAILED(hr))
{
::MessageBox(0, "D3DXFilterTexture() - FAILED", 0, 0);

return false;

return true;

Terrain Texturing

Bool Terrain::lightTerrain(D3DXVECTOR3* directionToLight)
{

HRESULT hr =0;

D3DSURFACE_DESC textureDesc;

_tex->GetLevelDesc(0 /* level */, &textureDesc);

if(textureDesc.Format != D3DFMT_X8R8G8BS)
return false;

D3DLOCKED_RECT lockedRect;

_tex->LockRect(0, &lockedRect, 0, 0);

DWORD* imageData = (DWORD?*) lockedRect.pBits;
for (inti=0; i < textureDesc.Height; i++) {
for (intj = 0; j < textureDesc.Width; j++) {
int index =i * lockedRect.Pitch / 4 +7j;
D3DXCOLOR c(imageData[index]); // get current color of quad
¢ *= computeShade(], ]B directionToLigh% ; // shade current quad
\ imageData[index] = (D3DCOLOR) ¢; // save shaded color
}

_tex->UnlockedRect(0);
return true;




Lighting
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float cosine = D3DXVec3Dot(&n, directionToLight);
if(cosine < 0.0f) cosine = 0.0f;

Shading

float Terrain::computeShade(int cellRow, int cellCol, D3DXVECTOR3* directionToLight)
{

// get heights of three vertices on the quad

float heightA = getHeightmapEntry(cellRow, cellCol);
float helghtB getHagghtmapEntry(ceIlRow cellCol+1);
float heightC = getHeightmapEntry(cellRow+1, cellCol);

// build two vectors on the quad
D3DXVECTORS3 u(_cellSpacing, hei CghtB heightA, 0.0f);
D3DXVECTORS3 v(0.0f, heightC - heightA, -_cellSpacing);

// find the normal by taking the cross product of two
/ vectors on the quad.

D3DXVECTORS3 n;

D3DXVec3Cross(&n, &u, &v);

D3DXVeC3N0rmahze(&n &n);

float cosine = D3DXVec3Dot(&n, directionToLight);

if(cosine < 0.0f) cosine = 0.0f;

return cosine;




Walking on the Terrain

Walking on the Terrain
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// row, col Altol Y5, +25 0] Wt kol etar AzakAt.
v +Z float col = ::floorf(x);
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m cell spacing = 1.0 // @A A= 3ol 3 ahE quad ] Fol & FETh
S+ float A = getHeightmapEntry(row, col);
"z z float B = getHeightmapEntry(row, col+1);
float C = getHeightmapEntry(row+1, col);
float D = getHeightmapEntry(row+1, col+1);
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float dx = x - col;
float dz = z - row;




Walking on the Terrain

// u, v BE A
float height = 0.0f;
if(dz < 1.0f - dx) // upper triangle ABC

floatuy =B-A; // A->B
floatvy =C-A; // A->C

/ Linearly interpolate on each vector. The height is the vertex
/ height the vectors u and v originate from {A], plus the heights
/ found by interpolating on each vector u and v.

height = A + d3d::Lerp(0.0f, uy, dx) + d3d::Lerp(0.0f, vy, dz);

Ise // lower triangle DCB

floatuy=C-D; // D->C
floatvy =B-D; // D->B

/
/
/
}
e
{

// Linearly interpolate on each vector. The height is the vertex
// height the vectors u and v originate from {D}, plus the heights
// found by interpolating on each vector u and v.

height = D + d3d::Lerp(0.0f, uy, 1.0f-dx) + d3d::Lerp(0.0f, vy, 1.0f-dz);

return height;
Eloat d3d::Lerp(float a, float b, float t)

) return a - (a*t) + (b*t);

Example: Terrain

Example: Terrain

Terrain* TheTerrain = 0;
Camera TheCamera(Camera:LANDOBJECT);
FPSCounter* FPS = 0;
bool Setup() { )
Create the terrain.
3DXVECTORS lightDirection(0.0f, 1.0f, 0.0f);
TheTerrain = new Terrain(Device, "coastMountain64.raw", 64, 64, 10, 0.5f);
TheTerrain->genTexture(&lightDirection);

IZ_/ Set texture filters.
evice->SetSamplerState(0, DSDSAMP_MAGFILTER, D3DTEXF_LINEAR);
Device->SetSamplerState

0, D3ADSAMP_MINFILTER, D3DTEXF_LINEAR);
Device->SetSamplerState

0, D3ADSAMP_MIPFILTER, D3DTEXF_LINEAR);
g Set projection matrix.
3DXMATRIX proj;
DSDXMatrixPers(gectiyeFovLH(
ro
DE)D)]( Pl *0.25f, // 45 - degree
float)Width / (float)Height,
1000.0%
Device->SetTransform(D3DTS_PROJECTION, &proj);
return true;
void Cleanu
d3d

: :Delg§g<{Terrain*> (TheTerrain);
d3d::Delete<FPSCounter*>(FPS);

Example: Terrain

bool Display(float timeDelta) {
if( Device )
... // input checking

D3DXVECTORS3 pos;

TheCamera.getPosition(&pos);

float height = TheTerrain->getHeight( pos.x, pos.z );
0s.y = height + 5.0f; // add height because we're standing up
heCamera.setPosition(&pos);

D3DXMATRIX V;
TheCamera.%etViewMatrix(&V){/
Device->SetTransform(D3DTS_VIEW, &V);

g Draw the scene
evice->C1earg), 0, DSDCLEAR_TARGET | D3SDCLEAR_ZBUFFER, 0x£f000000, 1.0f, 0);
Device->BeginScene();

D3DXMATRIX [;
D3DXMatrixIdentity(&I);

if( TheTerrain )
TheTerrain->draw (&I, false);

if( FPSS)
FPS->render(Oxffffffff, timeDelta);

Device->EndScene(z);
Device->Present(0, U, 0, 0);

return true;




