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Fall 2005 Movember 15

Terrain rendering
Due: Wednesday, Movember 30

1 The problem

TFor this project your lask 15 o implement a simulator for the next generation of ofl-road vehicles:
the sports utility hovercraft (SUH). This program will read in terrain height and texiure information
and render the view rom a simulated vehicle. The terrain height data is given as a square armay of
I6-bil heighl samples, which define a grid (or heightfield). This project 15 divided mto two siages.
In the first, you will implement a terrain renderer and vehicle simulator. The temmaim renderer uses a
level-ol-deta] optimization lor the heighiheld based on the ROAM algonthm. In the second slage,
you will add lexture mapping and two or more special effects.

In this document, we give an overview of the problem and descnibe the first part of the assign-

rmenl.

2 Heightfields

Heighthields are a special case of mesh dala structure, in which only one number, the height, 1s
stored per vertex. The other iwo coordinates are implicil in the grid position. I 55 15 the horzontal
scale, sp Lthe vertical scale, and H a hejght field, then the 3D coordinate of the vertex in row 1 and
column 7 is {547, spll; 5, spi) (assuming thal the upper-lell corner of the heighifield has X and ¥
coordinates of ). By convention, the lop of the heightfield is north; thus, assuming a nght-handed
coordinate system, the positive X-axis poinls easl, the positive Y axis poinls up, and the posilive
F-axis poinls south. The heightfield is typically represented as a linear array ol height samples,
with the 2, 7 element al index 2w 4 3, where w 15 the width of the heightield. Becawse ol their
regular structure, heightfields are trivial o rangulate; for example, Figure | gives two possible
Inangulations of a 5 = 5 grid. TFor thas project, we will use the ROAM algorithm, which wses the
Inangulation shown on the lell of Figure 1.

3 The vehicle

The user inlerface provides simple controls o navigale in the simulated SUH. This section describes
the controls and the simulated physics of the vehicle.
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Figure |: Heightheld tnangulations

3.1 The controls

Mavigation 15 controlled wsing the arrow keys. In addition, your implementation should support
controls [or the view as described in the lollowing table:

TP ARROW atcelerale
DOWN ARROW  brake
LEFT ARROW  turn lefi

RIGHT ARROW  turn right

£ Lovggle Tog

| loggle lighting

W logele wirelrame mode

+ increase level of detail (by V2]

decrease level of detail (hy +/2)
g guil the viewer

TFor the navigation controls, you will need Lo sample the stale of the armow keys (instead ol just
reacting Lo keyboard events). GLUT provides a lunction for registenng a callback thatl gets called
when a special key 1s released:

vold glutSpecialUpFunc (vold {(«func) (unsigned int key, int =, int v));
Thus you will need two callbacks to keep track of the state of the arrow k::}':-:.l Since holding down
a key peneraled a repeated sequence of key events, which lake lime o service, you can disable key
repeals using the following GLUT call:

glutIgnoreKeyRepeat (1);

3.2 The physics model

We simulate the SUH with a very simple physics model based on discreel sampling. The stale of
the vehicle al a step @ is given as a triple (pyg, vy, i), where p;g is the vehicle’s position in the X — 2
l:l-l':mn:,I i 1% 1ls velocily in _—T, and fj 15 its heading in degrees (with north being 150 and south being

'Mote that you should guaraniee that any transent keysioke gets sampded at least ooce m the physics moded.
“Mote thal the posison p of the vehicle % given m X-Z coordinates; the altitude of the velicle (the ¥ coondmate)
will always be 2 meters above the terram al tee vehicla's posilumn.



(). We recompule the state of the vehicle one hundred times per second (e, every 10 milliseconds).
Given the vehicle's stale al slep 1, we can compule ils new velocily al at step 1 + 1 as Tollows:

(nn 8.0 v )
i max | (.0, 8. 6D

f = fot fii+ falvd)
g g - s(pi, hy)
W w—0M x{f+g)

max(0, v 4 0.01 x a) il accelerating
Vit1 max(0,v — 0.01 % &) il breaking

max(0, v) otherwise

In these equations, a 1% the acceleration, which s speed limated, [ is the force of riction, and g 15
Lthe lorce of gravily. The new heading of the vehicle 15 delermined by the following equation:

hi 4 m il turning left

. . i 1 1riAr TR
i k; CAWET il luming right
fi; olherwise

amnd the new posilion 15 given by
Pit1 — P 4+ 001 x vy g {sin(hiyy ), cos(hig )}

This compulation depends on a number of lactors, which are defined as follows:

b (.6 braking lactor
o fx 101 friction coelficient
i 2% 107 friction coefMicient
Iz 4% 101 [friction coelficient

" (0, 0.8,0) gravily

{ 32 Lurn Tl

i 24 lurning factor

s(p, k) unil slope vector with direction k al position p

IT the wehicle 1s raveling at velocily vy, we lirsl compule a new velocily v that represents the ellects
ol frction and gravity. We then apply acceleration and/or breaking o compule v (nole thal we
do nol let the velocity fall below zero). We use the new velocily in computing the new heading,
Lastly, we compule the new posilion.

Compuling the slope Tunction s(p, i) can be done in one of a couple ways.

» Project a 2D unil vector d in the direction ki e, d — {sin(hk), cos(h)) and let p* — p + d.
Then let H{p) be the height al position p. The unnormalized slope vector is {d, H{p')
H(p),d;)). Divide this vecior by its length lo get s{p, k).

» The other approach is Lo let n be the normal veclor of the nangle containing p and let d

(sin(h),y, cos( k), for some unknown 3. Then solve n - d — 0 for v and sel s(p, &) ﬁ



