:
Gene Trantham e

MGIS Capstone Project Proposal "‘i x‘g&’-f
Advisor: Dr Patrick Kennelly )" | \ -
- Vv

TERRAIN REPRESENTATION USING AN
ORIENTATION DATA MODEL




TERRAIN REPRESENTATION

FORESHADOWING:

=  HAND-DRAWN RELIEF SHADING: TME-CONSUMING AND EXPENSIVE
= ANALYC METHODS: FASTER, CONSISTENT, REPRODUCIBLE RESULTS
= OFIEN, THE ONLY DATA INPUTIS A DEM

= DEM MAY NOT BE THE MOST PRACTICAL DATA MODEL FOR TERRAIN
REPRESENTATION WORKFLOW

=  CHANGING THE DATA STORAGE MODEL:
= REDUCES RUN TIME FOR MANY ANALYSES

= OPENS THE DOOR TO ADDITIONAL TECHNIQUES

=  EXAMPLES
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ANALYTIC
TERRAIN
REPRESENTATION

THIS EXAMPLE
COMBINES HEIGHT &

ORIENTATION DATA

CraterLake Elev afion Data: The Shaded Relief Archiv e hittp://shadedrelief.com/SampleElev ationModels/



TWO COMPONENTS:

ELEVATION = TINT ORIENTATION = SHADE




HEIGHT / ELEVATION

DEM IS SYMBOLIZED DIRECTLY — EASY AND FAST




ORIENTATION

DERIVED FROM THE DEM USING A LENGTHY INTERNAL PROCESS




RELIEF SHADING

AK.A. "HILLSHADING'

Surface
Orientation
Data
Slope X = sin(Aspect) sin(Slope) Sy
DEM Y = cos(Aspect) sin(Slope) o
Aspect Z = cos(Slope) S,
\ )
|

Interprets orientation
from elevation

@—-—

BV

( Brightness Value )




RELIEF SHADING

AK.A. "HILLSHADING"

Dot Product:
vt e e e T

. . A
Slope X = sin(Aspect) sin(Slope) Sy | |
DEM Y = cos(Aspect) sin(Slope) Sy Sel oe hTBVV e
rightness Value
Aspect Z = cos(Slope) S,
Leesieqsiese vl

Trigonometry



ORIENTATION
DATA:

"SURFACE
NORMAL
VECTOR"




Calculating orientation internally from the
DEM is .

THE HIDDEN The intermediate data layers are

when hillshade completes.

COSTHEOFR

USING Memory requirements are higher.
DEMs FOR For single-pass hillshades, this is not a big
ORIENTATION deal.

For hillshades, the cost is

substantial.




MULT-DIRECTION HILLSHADES

A USEFUL CASE STUDY TO EXAMINE ORIENTATION-SENSITIVE SYMBOLOGY

TRADITIONAL MULTI-DIRECTIONAL

pa

5



SOME MULTI-DIRECTIONAL METHODS

MDOW

Multi-Directional

Obligue Weighted
Combines traditional
hilshades obtained from
light sources at low
altifude.

One

Traditional / Lambert

Relief shading technique
based on a light source
and the assumption of a
Lambertian surface.
Shadows & specular
reflections are ignored.

Multi-Directional (Esri)

A built-in multi-directional
hilshade tool from the Raster
Toolbox. Combines
traditional hillshades using a
weighted sum.

Number of lllumination Sources

Multi-Directional Clustered

Dynamic technigue using a

v ariable illumination v ector.
Direction is fied to aspect; the
terrain is dividedinto zones of
similar aspect with a different
llumination source applied to
each zone.

Sky lllumination Model

The sky is partitioned into many
zones, each of which carries
an ilumination source.
Theoretically similar to MDOW,
but with of light
SOUrCes.

Many



DESCRIPTION
OF THE
PROBLEM
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HOW TO
REPRESENT
ORIENTATION
DATA

Surface Normal Vectors are perpendicularto the local tangent.

A 2D example: A line tangent to the surface generalizes its slope at
that point. The vector perpendicularto thatline encodes the
orientation of the surface.

In 3D, the surface tangentis a plane, which captures slope and
aspect. The normal vector is perpendicularto that plane.

3D vectors have three components: X, Y, & Z
"Normalized" to length one.



FROM DEM TO SURFACE NORMALS

Surface
Normal
Vectors




SURFACE
NORMAL
VECTOR

AS
GB IMAGE

R gy *

'X (red) = 0.559

(red) = 0.00
Y (green) = 0.00

‘gxk“&*‘m Z (blue) = 1.00

Y (green) = -0.060

Z (blue) = 0.827

X (red) = -0.275
Y (green) = 0.897
Z (blue) = 0.346

"

N

Surface Normal Vectoré
| Crater Lake, OR

L



RELIEF SHADING

SURFACE NORMALS SIMPLIFY SHADING

The brightness value is

surface BV =S| |L| cos(®)

Normal

These vectors are normalized to length one:

lHumination ™0

BV = cos(0)

cos(B) is the dot product of these two vectors.

L.- -
o Y

= S,L+S,L, +S,L,




WORKFLOW:

SURFACE
NORMAL
&
SHADER



NEW o cis) . "~
METHODS: S \

SURFACE
NORMAL
Fl LTER' NG . Generolizq’rion via

low-pass filters

« Sharpen edges with a
sharpening filter

« "Bump Mapping"



SURFACE
NORMAL
FILTERING

%
PrepPernau(2020) Normalizing the Normal Map. Gartegraphic Perspechves ﬁé
e 1 84 ™ & A DO :I10.14514/CR4



OBJECTIVES

* MDOW

* Sky lllumination
e [lluminated Contours

* Bump Mapping
* Specular Highlights
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Catalog The 'CraterLake’ Raster
Project Portal Favorites Dataset contains 4 bands,
named for their content.

Search

o Maps

SAV E AS @ Toolboxes

il MNotebooks

MULTI-BAND + & Daabases

4 [_:»:'L\ SurfaceNormals.gdb

R AS T E R 4 B Craterlake

BH DEM Storing as a multi-bandraster
BH SurfaceNormal X ensures consistency with:
B SurfaceNormal ¥ « Coordinate system
BH SurfaceNormal Z ) PrOjeCﬂOﬂ
> BB GeneralizedHillshade « Cellsize
o BB SNV Hillshade N « Snap / alignment




ArcGlIS Pro Python Toolboxes

Reliet Shading

« Data converstion tool

« Re-implement the stock hillshade algorithm
IMPLEMENT  Recreate mulfi-directional method chains

(MDOW, Sky lllumination, etc)
TOOLSETS

Extra Tools — Other uses for vector data
« 3D graphics effects.
« Analyses involving gradient:

 Line Integral Convolution

« Hydrology



COMPARE
SPEED AND
RESOURCE
UTILIZATION




DEMONSTRATE
NEW METHODS

BORROWED FROM CG
FOLKS

p
Bump Mapping:

Gives the illusion of

texture on a surface.

\l

)

ldentifies areas of

Kspo’r reflection.

4 )
Specular Highlighting:

v




BUMP
MAPPING Goaomety Mo
EXAMPLE
OUTPUT

Abate, T & Bachtel, G (n.d.) Tangent Space & Bump/Parallax/Horizon M apping.
https://creativecoding.soe.ucsc.edu/courses/cmpm]16é4/_schedule/BumpmappingEtc.pdf



BUMP
MAPPING

11+ N8 A

Unmodified Bump Pse&?(;kézd
Surface Map Normal

The bump map defines how the original surface vectors are to
be adjusted or perturbed.

The shader works on these adjusted normals, not the surface,
so the effectis as if the surface itself were perturbed.

The underlying surface is not modified.



Neilson (2006) Matte and SpecularLighting.
http://artsammich.blogspot.com/2006/08/tip-of-week-matte-and-specular.ntml

L 4

SPECULAR
HIGHLIGHTS

Matte Glossy

Treats the surface as if itis glossy or reflective.

Highlights are independent of shading. Depend on light
source and camera location.



"
|
4
cC CC
< X
< <<
S
Z Z Z
< X

—
[
N
N
N
|
o
N
|
[
w
N
|

<
1
%2
<

CG METHODS \ M - TX e

SCARY |
LINEAR ALGEBRA : y o
COMPLEX BUT WELL- —_ L
MAPPED PROCEDURES N=UXxV L | | Sx
L, |° Sy| =
L | |




ete%s ol
< ::',"_,.v\. >




Deliverable: Python
toolbox implementing

: orientation-aware tools.
GP TOOLS: L P
e Time trials will show speed
Improvements over currently
SMALLER & published tools.
FASTER e Speed improvements

proportional fo the number of
constifuents in a multi-
directional method.




DELIVERABLE:

NEW TOOL:
BUMP MAPPING




"Wave" bump map masked to area of water surface only

BUMP MAPPING
TOOL:

A MORE PRACTICAL
EXAMPLE




This example uses a false color highlight to emphasize placement.

DELIVERABLE:

NEW TOOL:
SPECULAR
HIGHLIGHTING
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596A Documentation &
. Presentation . Examples
Submit Abstract Speed Trials & Assemble Results EsriUC
| ToEsriUC Performance Testing July 11, 2021

PROGRESS & MILESTONES
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QUESTIONS & COMMENTS
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