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Three Stories 
for the Price of One 

Califuriiia imsiituie of Technoiogy 

TINS are piecewise planar models of a surface 
Triangulated Irregular Networks 
Used by Corps Battle Simulation since 1996 
For seven years I’ve been planning how to make better TlNs 

>> Finally, it was funded; Goal: ‘Superlative” TlNs 
Summer Research Project: Optimize the TlNning Parameters 

First step: How do you know one TIN is better than another? 
Answer: Compare effectiveness re LOS assessment 

>> Assume a regular triangulation of the full DEM is “ground truth” 
Then why not just use the regular triangulation? 

>> Because ... and ... and ... - Why not, indeed! 

The New O(/og n)  Line-of-Sight Algorithm 
Build a quadtree from quads of DEM posts, quads of quads, ... 
Store the quadtree on hard disk, use cache for access speed 
Use the quadtree to skip over many edges at once 
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First Story: Piece-wise Planar 
Terrain Skins Califur-nia institute of Technoiogy 

Digital Elevation Map (DEM) 
0 . 0  0 0 0 . 0 .  

0 0 . 0 8 0 0 0 .  

0 0 @ @ @ @ 0 0 0  

8 8 0 @  8 8 8 8  

0 0 0 0 0 0 0 0 0  

0 0 0 9 8 8 0 9 0  

Triangulated Irregular 0 0 0 0 0 @ 0 0 0  

Networks (TINS) 8 8 0 @ @ 8 8 8 8  Regular triangulations 
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State-of-the-Art TIN Construction 
Califuriiia insiiiuie of Technoiogy in Military Simulations V 

U t M  

SelectVl Ps 

Joi n ts 
(Ve r I m porta n t 

or 

Refine Del a u hav I I 

or 
INS 

for each 
1 O x 1 O tile De I a u n a yTri a ng u I a t i o n 

for each 
1" x 1" tile 

MedResTlNs 

High ResTlNs 
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Caiifurnia insiiiuie of Technology 

How to make better TINS 

ReaciDEM 
Extract playbox ~~~ 

from NlMA CDs 

~ 

~ 

DeduceRichlines 

~ ~~~ ~ - ~ ~~~ 

For details, see the paper, 
which will be submitted to 

Interfaces. 

~~ -~ ~~~~ .~ 

I 
I 

~ ~ 
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State-of-the-Art LOS Assessment 
in Militarv .I Simulations Caiifuriiia irisiiiuie of Technoiogy 

Edge Traversal Periodic Sampling 
- demands efficient TINS - flexible at the expense of accuracy 

rgc 11 



The Quadtree LOS Algorithm 
____ ~ ~ ~ ~ ~~ 

As with the TIN algorithm, there are two steps: 

Pre-exercise preparation : 

>) Instead of a TIN, build a quadtree 

During the exercise: 

>> Apply the quadtree a 

>> Interpolate to determ 

gorithm to evaluate LOS 

ne elevations 
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- The Leaves of the Tree - 
Boxes containing - 4 posts each 

Cdifoi-nia Iiijiiiuie of Technoiogy 
~ 

a a a a a a a a a a a a a a a  
height of the a a a a a a a a a a a a a a a  

box a a a a a a a a a a a a a a a a a  1 box 
I I a a a a a a a a a a a a a a a e a  

a a a a a a a a a a a a a a a a a  
a a a a a a a a a a a a a a a a a  height of 

fallestpost a a a a a a a a a a a a a a a a a 
itcontains a a 0 a a a a a e a a a a a a a a 

a e a a a a a a a a a a a e a a a  
a a a a a a a a a a a a a a a a a  
a a a a a a a a a a a a a a a e a  
a a a a a a a a a a a a a a a a a  The 

triangulation a a a a a a a a a a a a a a a a a 
]simplicit a a a a a a a a a a a a a a a a a 

a a a a a a a a a a a a a a a a a  
a a a a a a a a a a a a a a a a a  
a a a e a a a a a a a e a a a a a  
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- The Leaves of the Tree - 
Boxes containing - 4 posts each 

California institute of Technoiogy 

height of 

I 
I ................. ................. height of 

v ................. tallest post 
. *  * .  ................. 
Itcontalns . a a a e a a . . ................. ................. ................. ................. ................. ................. ................. ................. ................. 
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- The Leaves of the Tree - 
Boxes containing 4 posts each 

Califur-iiia institute of Technoiogy 

height of 
each box 

height of 
tallest post 
it contains 

- 
I 

256 boxes 
(in this 

exam p le) 

rgc 17 



The Lowest Nodes in the Tree 
Califuisiiia institute of Technoiogy Combine quads of boxes T 

height of 
each quad 

height of 
tallest post 
it contains 

I 

I 

4 quads 

rgc 18 



The Lowest Nodes in the Tree 
Combine quads of boxes 

Caiifui-nia institute of Technoiogy 

height of 
each quad 

height of 
tallest post 
it contains 

I 
I 

64 quads 
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The Next Level of Nodes 
Combine quads of quads 

Caiifornia insiiiuie of Technoiogy 

height of 
each quad 

height of 
tallest post 
it contains 

I 
I 

4 quads 
of quads 
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The Next Level of Nodes 
Combine quads of quads C-l!P-. ..!- T itiiiuriiia institute of Technoiogy 

height of 
each quad 

I 
I 

height of 
tallest post 
it contains 

16 quads 
of quads 
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And so on ... 
quads of quads of quads 

Caiifurnia institute of Technoiogy 

height of 
each quad 

height of 
tallest post 
it contains 

4 
of 
of 

quads 
quads 
quads 
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Finally (in this example), a 
quad of quads of quads of quads 

Caiifurnia institute of Technoiogy - 

height of 
the top of 
this quad 

height of 
tallest 

elevation 
post 

anywhere in 
the playbox 

(plus an 
adjustment for 

the curvature of 
the Earth) 

'1 A S 

F 
1 

of 
of 
of 

tra 

I .  inally, 
quad 
quads 
quads 
quads 

tion 
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A 

0 0 

0 

now 
Caiifornia institute of Technoiogy 

0 
0 

One-Dimensional Illustration 
looking from the side instead of downward 

Make the tree 
First, read the elevation data (the DEM) 

I 

? ? ?  

t T 

I 2 3 4 5 6 7 8 9 10 I 1  12 13 14 15 16 17 18 19 20 21 22 

rgc 24 



A One-Dimensional Illustration 
looking from the side 

Caiifornia institute of Technoiogy 

Make the tree 
First, read the elevation data (the DEM) 
Drape a skin over the DEM posts 

rgc 25 



A One-Dimensional Illustration 
looking from the side 

c~I:#,...-:- T- -A:L -L  - A - T - - L - - I - - .  
1 ecllllulugy Lalllul lllil III?iLICUlt: u1 

Make the tree 
First, read the elevation data (the DEM) 
Drape a skin over the DEM posts 
Collect the posts in pairs (instead of quads) 

I I I I 1 I I I I I I I 1 

1 2 3 4 5 6 7 8 9 10 I 1  12 13 14 15 16 17 18 19 20 21 22 
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Now, apply the algorithm - 
Cdifuriih institute of Technoiogy I _. 

LOS is not obstructed 
This is a relatively diffi nd surface 
9 box queries at a dist e crossings in 3-D) 

T I I I I I I I I I I I I I I I 

0 1 2 3 4 5 6 7 8 9 I O  11 12 13 14 15 I 6  I 7  18 19-20- 
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0 1 2 3 4 5 6 7 8 9 I O  11 12 13 14 15 16 17 18 I 9  20 21 
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
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I I I I f l l l 1 l l l I l l l l I  
0 1 2 3 4 5 6 7 8 9 10 l-lpp12 13 14 I 5  I 6  17 18 19 20 21 
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0 1 2 3 4 5 6 7 8 9 10 11 12 1 3  14 15 16 17-pl-8 I9  20 21 
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Cdifui-iila iiisiiiuie of Technoiogy 
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Caiifornia institute of Technoio 

LOS is unobstructed 

~- - 

1 Next, an obstructed case 1 
~~ ~- __ -1 ~~ ~ ~~ ~ 
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An Illustration of an 
Obstructed LOS Cdifuriiia Institute of Technoiogy 

On the same terrain: LOS is obstructed 
LOS still close to grazing 
Also 9 box queries, plus two sets of leaf queries, at a distance 
of 20 posts (about 40 edge crossings in 3-D) 

1 
- - - 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 I 9  20 21 
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Caiihrnia institute of Technoiogy 
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Califuriiia institute of Technology 
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Cdifui=ilia i I ~ ~ i i i u i e  of Technology 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
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California Iiisiitute of Technoiogy 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
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Consider the following ... 
An Easv II Case Caiifumia insiiiuie of Technoiogy 

Different terrain: LOS is unobstructed 
1 box query, still at a distance of 20 posts (about 40 edges) 

1 2 3 4 5 6 7 8 9 I O  11 12 I 3  I 4  I 5  16 17 18 19 20 21 22 
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Caiifornia institute of iechnoiogy 

An Easy Case 

Different terrain: LOS is unobstructed 
I box query, still at a distance of 20 posts (about 40 edges) 

1 2 3 4 5 6 7 8 9 I O  11 12 13 14 15 16 17 18 19 20 21 22 
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