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Terrain rendering
Due: Tuesday, March 18 at 1pm

1 Description

This project 15 a continuation of Project 5. Your lask will be 1o lake an implementation of the ROAM
mesh-simplilication algorithm and build an inleractive lerrain engine. In addition 1o implementing
the basic rendering engine, you will be responsible lor implementing several special elfects. The
project 15 designed 1o be more open ended than previous projects; we will provide the heart of the
rendering engine, but it will be up o you o make 1t look interesting,.

As in the Project 4, your program will load in map data, including the heightfield. Since naive
rendering of a heightfield mesh requires excessive resources (a 102521025 grid has 2*1 triangles)
we will use a continuous level-of-detail algorithm o reduce the mesh o a reasonable size. Specili-
cally, we will use the split-only version of the ROAM algorithm. This algonithm works by laking an
imitial course-grain triangulation of the heightheld (e.g.. two triangles) and then iteratively refining
il unlil a predefined tnangle budget is reached.

2  Input format

A lermain dala sel 15 represented as a directory contaiming vanous files thal defline the scene 1o be
rendered. These files include

* map — lhs lile conlains information aboul the terrain data sel, such as scale, lealure locatons,

amd the direction of the sun.
» hf.pgm— this file contains the height-held data.
* color.ppm— s ile conlains the verlex color information (see Section 3.1).
» shadow.pgm - the precompuled shadow lexiure (see Section 3.3).

» water.pgm— ths file conlains a depth map that gives the water depth for each grid location
(see Section 6.3).

s detail .ppm— detml lexiure (see Section 3.3).
s trees — location of lrees (see Section 6.1).

s geysers — location of geysers (see Section 6.2).



As in Project 4, the LoadTerrain lunction will be used (o load the map data
Map t *LoadTerrain {(const char +*terrain, Viewar L *view);
This [unction lakes the name ol the directory conlaining the lerrain dala sel and relums a map

objecl, which contains in-memory versions of the data. Tt also imitializes the mitial camera posilion
and direction.

3 Rendering

The first parl of this project is o implement a basic renderer on Lop of the ROAM CLOD imple-
menlation. You should probably use a ragment shader for this renderer, although you may use a
lxed-pipeline solulion Loo.

3.1 Lighting

For this part, we will add a single directional light (the sun) lo the scene, which is specilied in the
map fle. Adding highling means thal you will need Lo specily normals lor your tnangles as you
render them. The colors assigned o a given verlex are defined by the color . ppm hle.

32 Fog

Fog adds realism to ouldoor scenes. Tl can also provide a way Lo reduce the amount of rendering by
allowing the far plane 1o be sel closer Wo the view. The map file formal has been extended 1o include
a specification of the log densily and color.

3.3 Texture mapping

To make the surface of the lerrain look more realistic, your implementation should blend in a devail
texture. Cach map has a detail . ppm file thal contains the lexiure; you can use Lhe function

RGE ¢ «LoadTexture [(Map © +map, const char sname, int swid, int «ht};

lo load thas lexiure.

You use the detail texiure, which is essentially a noise lexture, 0 modulale the surface color
close o the camera (say oul Lo 80 o 100 meters). The lexiure is allocated as an RGB image, you
may wanl Lo copy il o an RGBA represenlation with a 40-50% alpha channel, which will mule iis
ellect somewhal. You can also use alpha blending o get a smooth transition Irom lextured polygons
Lo unlexlured ones.

In Project 4, you compuled a shadow texiure for the map; since this compulation can be lengthy,
we will provide a precompuled shadow lexiure as parl of the map. This lexiure should also be
blended into the: rendered color.



4 ROAM

The ROAM algorithm 15 organized around a dynamic representation of tinangle meshes called -
angle binary trees. Figure | gives an example of a tree and Figure 2 shows the corresponding levels
ol riangulation. In the split-only version of this algorthm, we compule a new lesselation of the
heightlield each frame by starting with the lwo irnangles thal cover the whole heighifield and then
refining the mesh. We assign inangles a pnorily based on the benelil of refiming them (e g., ermor
meslrics). Each triangle in the mesh has three neighbors (excepl for those inangles on the border) as
15 show in Figure 3.

As can be seen [rom these lgures, constructing a binary tnangle tree can be done as a recursive
splitling procedure. The trick 15 thal we only wanl to splil a tnangle if the resulting mesh provides
a visibly more accurate approximation of the height held. Thos, we modily the recursive splilling
procedure Lo splil the tdangle with the highest prionty, where prionbes are a measore of the visual
ellect of nol splitting. We use a limil of the number of mangles in the mesh 1o control the amount
ol rendenng work we do. Thus, the psuedocode lor the lesselation phase 15

initialize the mesh to top two triangles
while (size of mesh < limit) |
aplit highest priority triangle
b
Splitling a triangle requires splitting the nangle’s base neighbor (otherwise a T-junction results),
baul il may also presplitling the neighbor, when it is al a higher-level in the binary triangle ree.
Figure 4 shows this silualion,

4.1 Hinis

You can adjust the pronly of inangles to elimimate detail where il 15 nol needed and 1o enhance
detail where it 15 needed. Tor example, nangles that e wholly outside the view frustum shouold
have minimum priorly, while the inangle contaming the camera should have maximum priority.
Since the view 15 mostly horzontal, you can approximale the view [rusium as a tinangle in the XZ
plane. Given the vehicle’s heading (a vector in the XZ plane) and the horizontal held of view, one
compules the line equations lor the sides of the [rustum and then uses these equabions Lo assign low
priorilies Lo inangles oulside the view. Figure 5 illustrales this optimization for a small mesh.

Your program will need several distinet, bul related data structures. You starl with the heighthield
that 15 the inpul data. You will need o compule a vanance tree thal conlains the world-space
vanance information, a representation of the nangle mesh, and a priorily quewe for ordering splits.
A stncl prionily gqueue i5 both nol necessary and nol elficient enough. Instead, vse some number of
priorily buckels (think radix sort) o gel constant-time insertions and deletions. Tt s also oselul o
have the binlres tnangles down o the mesh level. The sample code includes C delimtions lor these

struciumes.

5 Camera controls

Your implementation should support controls Tor the view as described in the Tollowing Lable:



