Watershed Sciences 4930 & 6920
GEOGRAPHIC INFORMATION SYSTEMS

WEEK THREE — Lecture 5

RASTER IMAGERY & DATA
SOURCES

Joe Wheaton

HOUSEKEEPING

e Lab 01

— Be patient with grades... normally
e Lab 02

— Questions?
¢ Quiz Grades

— If you took it, you'll get full credit... I
have NOT updated these in Canvas yet

e )
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THURSDAY'S FAILED PLAN

I. Basics of GIS Data
I.  Coordinate Data
II.  Attribute Data and Types
II. Vector Data Models
I.  Topology
II1. Raster Data Models
IV. Comparison of Raster vs. Vector Data
V. Data & File Structures
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RASTER DATA

e May represent either:

— spatially continuous data
with integer or decimal
values (DEM)

— discrete features with
categorical values
(classes)

RASTER DATA MODEL

e Each location represented Grid Extent
by a cell (pixel)

e Cells organized as a ;
matrix of rows and H = ‘é:.'.“
columns called a grid -

e Each grid cells contains ) 2 5:1:9
numeric values that ~ Resolution [
represent some kind of Columns

Y

geographic phenomenon

T celtdimensia

i
Ucoordinates of lower-lef+ cell
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RASTER DATA

¢ Because the raster data model is a regular grid,
spatial relationships are implicit

¢ No need to store spatial location of each cell,
just of grid corners/extents & resolution

¢ Every cell has a value, so size a function of
extent and resolutiora

pperleft comer Cell Size

—
—
—
“—
—

Value  Fire Spread

Day 1
Day2
Day2
Daya
Days

ER RS

Rows  Colurmng

ATS 4930 S

ATS 4930 "




RASTERS: THE MIXED PIXEL PROBLEM

Largest share rule

Central point rule

RASTER RESOLUTION & THE N2 PROBLEM

o Wi 195354V, 38 et TV Dt o Wil 968 £AV1, 30 e NS Bt

i

100 meter, 4 cells 50 meter, 16 cells 25 meter, 64 cells
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RESOLUTION TRADEOFFS

USGS 30 m grid DEM Survey Grade 2.75m DEM

« Coarser resolution = loss of data
« Larger cells results in more aggregation, faster analyses
» Saves storage space, but compromises detail
- Finer resolution = more accurate information
« Smaller cells are more accurate, capture detail
« Takes up more storage space, slower analyses

WATS 4930 ~ <%
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A 100 m DEM...

10 mvs. 100 m DEM




10 m DEM vs. 1 m DEM (LiDAR)

RASTER TERMINOLOGY

¢ All rasters have the following
primary properties

— Number of columns & rows (must—/
be integers) /
— Cell resolution (grid size) /
— Type (integer, floating point
precision)
— Lower left coordinates (x,y) or Top,
Bottom, Right & Left coordinates
(i.e. extents)
¢ From which the following
secondary properties can be
derived:

— Width & Height

ORTHOGONALITY

¢ Orthogonal rasters
must:
— Share exact same grid I
resolution
— Share the exact same . . .
grid centers (i.e. aligned
in both easting and . .
northing)

A

A
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CONCURRENCY
¢ Grids are orthogonal
and: Top
— Share exact same
extents
S . £
Bottom

A
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MASKED EXTENTS

e Rasters that have the
same masked extents,
simply have the same
nodata cells

¢ The mask can be
derived from a polygon z' S e A e ) ]
or a raster =

« A concurrent raster E:.:_.,....m..
mask is the most TRkt
accurate! e

* NoData Cells allow
sparse rasters
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TO DO MAP ALGEBRA, RASTERS NEED TO
BE COMPATIBLE (i.e. Concurrent)

» Compatibility defined |
by orientation, origin "
and resolution

Laven s clld | —=— —
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SAME NUMBERS & ROWS, BUT...
Same resolution, different
] orientation, different origin &
j’\ extents (but same width &
height)
Same resolution, same
orientation, different origin
& extents
Different resolution, same
NOT CONCURRENT orientation, same origin

ARC HIDES USER FROM THIS UGLINESS

o If you give ArcGIS two overlapping but
non-orthogonal rasters, it just lets you
do the raster algebra...

o It does this by a combination of using

— Environment settings to select extents
and a grid resolution; &

— Resampling to make concurrent grids so CAI"C
raster algebra can be done

ESRI G Is
e The result is the geoprocessing tool
usually works... and the user has no
idea what it did behind the scenes

TODAY'’S PLAN

I. Basics of GIS Data
I.  Coordinate Data
II.  Attribute Data and Types
II. Vector Data Models
I.  Topology
III. Raster Data Models
IV. Comparison of Raster vs. Vector Data
V. Data & File Structures

EVER SEEN SOMETHING LIKE THIS?

e The consistent
horizontal and vertical
bands are systematic
errors!

e They are minor
enough, most people
ignore them, but they
are unnecessary

e They are artifacts of
resampling a raster to
extents that were not
orthogonal to the

w0
T wdomsters.

¥

BCCW_J0m_clip
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s e

original raster == o

RASTERS: SUMMARY

¢ Grid provides inherent location information

o Features lose spatial identity as aggregations

o All features treated same way

« Often not very precise, depends on cell size

¢ Simple computations

¢ Usually many-to-one cell to attribute table

o Areas of inadequate info receive NODATA

¢ Accuracy depends upon representative sampling
« Are overlapping rasters orthogonal or concurrent?

e ——

REPRESENTING GEOGRAPHIC FEATURES

¢ The raster data model can represent discrete
features but...

of connected cells

—A linear feature as a series Y ‘
J

—A point feature is .
represented as a single cell =

—An area feature as a group of
connected cells

—Uniformity facilitates mergers




VECTORS VS RASTERS

» Best for Objects e Best for Surfaces

e Can do surfaces (TIN) e Can represent objects

e Complex Structure e Simple Structure

o Efficient Storage ¢ Large (compression)

¢ Slow Processing ¢ Rapid Processing

* Precise at all scales e Precision depends on
cell size relative to
features

UnahStatoUniversity

TODAY'’S PLAN

I. Basics of GIS Data
I.  Attribute Data and Types
II. Vector Data Models
I.  Topology
III. Raster Data Models
IV. Comparison of Raster vs. Vector Data
V. Data & File Structures
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RASTER DATA SOURCES (DERIVED)

« Elevation data on a pre-specified uniform grid

e From the header information, you have all the necessary
information.

e Why raster? Smaller file sizes, easier computationally.

e Arc Ascii Grid is a simple example that you can read:

2
1950303084778
s88341.562278

cellaize s
NODATA_value -5539
9998 ~9353 3999 -9995 -5595 -59%

MORE COMPARISON (FROM BOOK)

cteristic Vector Raster

Storage Small for most data sets Large for most data sets w/o
Requirements compression

Analysis Preferred for network Easy for continuous data, simple
analyses, many other spatial | for many layer combinations
tions I

Accessibility Often complex Easy to modify or program, due
to simple da

20} UnahStatoUnivorsicy

VECTORIZED DATA g
=]
¢ A collection of points with attrributes: 9
Point Number, Easting (x), Northing (y), Elevation (z), Description, etc. &l
¢ Variety of acceptable formats: j
Ascii text (*.txt or *.asc or *.dat), tab or comma deliminated (*.csv),
excell (*.xIs), or shape files (*.shp and *.shx). }F:p
PR =) [ S =l
‘csoanw - Important to &
have a
header &
know units

(northing)

Irregularly distributed e

X(easting)  boint data

28
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COMMON FILE TYPES (Beyond ASCII)

Type & Source Extension

Characteristics (R=Raster, V=Vector,
A=Attribute, I=image)

D AutoDesk * dxf Drawing exchange file, an ASCII or binary file for exchanging
! : spatial data (V)
Vector 3
Vit U5 el Vet Distribution Specification

* * i An extension for geo-referencing Aldus-Adobe public domain

Imagine, ERDAS

*.img Multiband-cpabale image fc\rmatR)




PYRAMIDS... REALLY IMPORTANT

e *rrd or *.ovr

@
e Speeds up display
of raster images at ,,
different zoom
levels
21
a

TODAY'’S PLAN

1. Brief Intro Review of Imagery (Rasters)
I. Satellite
II.  Airborne
III. Oblique

II. Data Sources: Capture & Collection

ﬁ UtahStatoUnivorsity ATS 4930
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Chart of the Electromagnetic Spectrum
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THURSDAY'S FAILED PLAN

I. Basics of GIS Data
I.  Attribute Data and Types
II. Vector Data Models

1CAUGHT BACK UP...

III. Raster Data Models
IV. Comparison of Raster vs. Vector Data
V. Data & File Structures

ELECTROMAGNETIC RADIATION
Freq y and Wavelength

Wavelength (A) is the linear distance between two
successive wave crests or troughs.

Frequency is the number of wave crests or troughs that pass
a fixed point per unit time (one cycle/sec is a hertz, Hz).

O

AVAVAVAVAVAYS

i

&

There is an inverse relationship between these two parameters:

Frequency = velocity (c) / wavelength (M)
c (speed of light) = 3 x 108 m/sec

ﬁ UtahStataUnivarsity ATS 4930 "

PASSIVE AND ACTIVE SENSING

« Passive remote sensing: the reflected radiation
observed originates from a natural source.

— Passive Sources - The Sun, the Earth's
surface.

o Active remote sensing: the scattered radiation
is generated by the sensor.

— Active Sources - LIDAR, RADAR, Acoustic
Sounders.




ACTIVE AND PASSIVE REMOTE SENSING

Copyright © 2008 Pearson Prootice Hat, Inc

INTERACTIONS WITH SURFACE FEATURES
When electromagnetic radiation is incident upon a surface
feature, three interactions are possible. All 3 may occur at the
same time.

Reflected Transmitted

Lo o

(Diffuse)
(Lambertian)

(Specular)

UtahStatelniversity
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LEAF CROSS-SECTION

Absorbs red and blue
Reflects some green and a lot of near-IR

Green Near-IR Blue/Red

~60% ~15%

Upper epidermis -Y

Chloroplasts ’ 1. "‘
Spongy *

Mesophyll

U
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LIDAR

¢ Airborne-LiDaR

8
3
=5
5]
o
s
] vegetation
g T slggml
B3
ground
= signal

refurn —>
strength

laser
pulse

laser
return

N~

surface

the colors of their appearance, which are reflected.

Incident Retlected|

“Color” is produced by the absorption of selected wavelengths of light
by an object. Objects can be thought of as absorbing all colors except

L Blue Object

Y - =
R s

VEGETATION

Visible Light

Near InfraRed
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SINGLE-BAND RASTER IMAGES

2211 0
119| 68
0 |255

136|238

119|255
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HOW DO I GET COLOR IMAGES?

Grayscale Display colormap.
image image

Binary
imaga

Electromagnetic spectrum
fed

— Red-Green-Blue Multiband
W‘GQ .\‘ composite e

RGB cnmpns ite
Green —|
“mﬂ . E
x
/Dzss
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COLOR MIXING AND RGB DIGITAL NUMBERS
red green blue result primary pigments
0 0 o I
255 255 255 [ ]
128 128 128 [
255 0 o IS
0 255 o [l
0 0 255
255 255 o [ 1 primary colors
0 255 255 [
255 0 255 (I
255 128 64 [
128 128 64 [
128 255 192 [ ]
128 128 255
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SPECTRAL RESOLUTION

e NOT spatial resolution!

¢ The width of the electromagnetic spectrum that
is devoted to a particular sensor band.

¢ High resolution sensors can discriminate very
fine differences in spectral reflectance.
— Multispectral sensors generally ~ 100 nm (0.1

micron)

— Hyperspectral sensors generally ~ 10 nm (0.01
micron)
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MULTISPECTRAL VS. HYPERSPECTRAL

Probe-1 Visible
Bands

1 04326

0.4486

0.4626

0.4786

Landsat Th ic Mapper (TM) 2
3
4
5 0.4930
6
7
8

Band 1 Band 2 Band 3

0.5091
0.5237
0.5398
9 0.5550
0.5695
11 0.5860
12 0.6006
13 0.6157
14 0.6296
15  0.6479
16  0.6623
17 0.6780
18  0.6929
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Landsat TM Images of Mississippi River 1988 (non-flood
year) illustrating four different sets of wavelength bands.
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IKONOS

1 meter Panchromatic

4 meter Multispectral

QuickBird SATELITIE IMAGERY — 60 CM

D ) 1

GOES 8 vs. SPOT 5

MODIS

e Moderate Resolution
Imaging Sensor

e NASA operated

e 250 meter to 1 km
resolution

e Surveyed every 1-2 days

B R

a
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TODAY'’S PLAN

I.  Brief Intro Review of Imagery (Rasters)
I.  Satellite
II. Airborne
III. Oblique

II. Data Sources: Capture & Collection

& ‘ 2
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AERIAL PHOTOGRAPHY

NOAA 2004, Hurricane Ivan =~
ATS 4930

BEFORE & AFTER

Legend
[ Analysis Extent

ATS 4930

VERTICAL, LOW OBLIQUE, AND HIGH
OBLIQUE AERIAL PHOTOS

Small island in
Michigan

San Juan County, Utah
Jim Wark, 2000

Sand dunes, Mexico

ATS 4930 S

POOR MAN’S AERIAL PHOTOGRAPHY

1 27, 168 : » As low-tech as it gets

» Ortho-rectification
registration errors on
the order of 25- 75
cm

» Flying height of up to
500 m

— Ground based
Tether (string)

e Great for context (what does it mean?”
problem)

¢ Grain size extraction

* Habitat mapping / classification

e Drape over a DEM

ATS 4930 S

TODAY'’S PLAN

I.  Brief Intro Review of Imagery (Rasters)

I.  Satellite
II.  Airborne
III. Oblique

II. Data Sources: Capture & Collection

ATS 4930 S

o Orthorectification-
accurate method of

align with realworld
coordinates (x,y, & Z) &
Georectification (a.k.a
Georeferencing or
rubber-sheeting)
method of stretching
and warping an image
to align with a map in
aGIS

ATS 4930 "
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TODAY'’S PLAN

I.  Brief Intro Review of Imagery (Rasters)

I.  Satellite
II. Airborne
III. Oblique

I1I. Data Sources: Capture & Collection

TYPES OF DATA CAPTURE

¢ Primary Data
— Data created/developed/collected by the individual or
organization that intends to use them.
» Generally higher quality.
— Strict QA/QC controls
e Secondary Data
— Data created/collected by individuals other than those
that intend to utilize the data directly.

» Data quality may be lower than desired if standards are not
set at the onset of data collection.

ﬁ UtahStatoUnivorsity ATS 4930

FINDING DATA IN THE RIGHT FOMAT

¢ The single most time consuming part of
operating a GIS

— Approximately 80% of most project resources (time
and money) are used for data collection and input

INPUT METHODS:

Digitizer

— Two Types: Tablet vs. Digital Scan
Optical Scanning

¢ Conversion from digital sources
Conversion from other analog sources
Aerial photos / Satellite imagery
Global Positioning Systems

ﬁ UtahStataUnivarsity ATS 4930 "

DATA COLLECTION

* Two types of data collection

— #1 — Data Transfer
« Importing existing digital data from a variety of sources (i.e.
secondary data)

— #2 - Data Capture
» Refers to direct entry of acquired data to your GIS (i.e. prima
data)

* We will focus mostly on Data Transfer Today...

* Readily available
¢ Familiar to most
* Way more information than you'll ever use

INTERNET SITES FOR DATA TRANSFER

* Geospatial Data Gateway: ‘One stop source of natural resources
data”— USDA
— http://datagateway.nrcs.usda.gov
* Geospatial One-Stop: geoportal providing metadata and direct
access to over 50,000 datasets
— http://www.geodata.gov

e EROS Data Center: US government data archive

— http://edc.usgs.gov/

. ghe Data Depot: extensive collection of mainly free geographic
ata

— http://data.geocomm.com/
e GEON

— https://portal.geongrid.org/gridsphere/gridsphere
* Seamless Data Distribution System

— http://seamless.usgs.gov
* The Data Store: UK, European, and worldwide data catalog

— http://www.data-store.co.uk




EROS DATA CENTER

D USGS (U1.5. Geological Survey) EROS, Sioux Falls, SD - Mozilla F:

Image Gatiery

News
 SIR.C Processing System no Longer Operational

 IRMCO Honors USGS EROS Emergency Response Team far Tsunami Effort
« USGS National Center for ERDS Receives 2004 Willam T_Pecora Group Award

o Digital Line Graph (DLG) and Digital Elevation Madel (DEM) Distribution

pace hequired
Phatography

o
Wy Progr

Photography
NAPP
Mational High Altitudo
Photogs aphy (NHAP]
Survey Phiotoraphy.
ndexMapping
Phatography

Digital Orthophote
uadrangles (00as)

Digital aerial and satellite imagery created from film progucts in the
USGS archive. Output produced by a high-rssolulion flatbed scanner

Digital aerial and satellile imagery created from film products in the
{USGS archive. Dutput produced by = digital camera system,

Recent,high-quality aenal phatos covering the conterminous U.S. on five-
{to seven-year cycles (1967 - present)

High-altitude 2

a1 photos for the conterminous U.S, (1980 - 1989).

Jaerial photas from a varlety of sources (1930 - present)

JAerial photos refaranced s photo Indexes from a variety of S0UICes
(1940°s - 1980's)

Digital images of aerial photos which combine the image characten stics
afthe photo with the gereferenced qualities of a map (1987 - presen
Recant (2002-2003) orhoimagery with 3 resolution of 0.3 maters 10 0.75
meters for the major metropolitan areas and state capitals of the United
States As more areas are received, they will become available for
distabution

Photos taken from the International Space Station (1SS), Shuttle, Skylab,
Gemini, and Apolio missions (1965 - present).
A large collection of aerlal photography over Antartica (1946 - present)

Digital imagery acquired from several multispectral scanners on board
NASA ER-2, NASA C-130B, and NASA Learjet aircrafts (1982 - 1995)

mage Analysis (Shuttle
i

Earth Explorer (Search

Earth Exple

Earth Explorar

PhotoF

e

Earth Expl

Earth Exple

Earth Explarer

contact us

Earth Explarer

Sciences &

Only)

e U% o Gl Ik o
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+ Fros 0ata Downioads
+ (e Bt Datazets and ares
Gt Fron Cofaart osts
o o Frore Fom
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o System status:

i Katring Dats Atcnss:
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operation with FEMA, EROS s the
cleamghouse for ai aerial, satelite and

Intemational Data

SEAMLESS DATA DISTRIBUTION SYSTEM

2 seamless Data Distribution System provides D0QQ. STM, NED, Ortheimagersy, Landsat, siavaion and much more for..

i

d Sclence (ERO%)

UTAH GIS PORTAL

GIS Portal s
Lot

i,

0
s

O W L o 7 2 7 5

*One of the best state
GIS centers

*Wealth of free GIS data

E1E

Eid
OB El
EE
1 1
& e | =
BERE
=l E

UTAH GIS

e SGID (State
Geographic
Information
Database) Data
& Map Servers
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UTAHGIS

Straight Download
of Data Organized
by Vector & Raster
Data Sources:

¢ Vector (you name

it)

e Raster (Aerials,
USGS DRGs,
Elevation/Terrain)

DOWNBAD G1S DATA FRON TH 531D

DIGITAL LINE GRAPHS

Roads Hypsography
e Just the H . h E
digitized ~ﬂ o
linework from T

the quads or
DRGs

¢ Often
‘seamless’

DIGITAL RASTER GRAPHICS

¢ Multiple-scales available

« Just a high resolution scan of paper USGS Quads

]

|

s

READING FOR THURSDAY

ADVANCED GIS COURSES
, WATS 4930/6920, 4931/6921, 6915

3¢ PrimanLeaming Outcomes
= Sotwane
v Course Topics
4.2 Assignments

Project (49316921

Class Annoancements
Class Calendar

Groot Maps!

Class Forum

615 Class LibGuide

Help
© 2011 - Disclaimer & Copyright

€ Urah State University Links
Caras (Submit ASsignments) e Y ol
SE S b Ll ST PP PP S N S R S

ATS 4930 S

DOQ — DIGITAL ORTHOPHOTO QUADS

¢ A orthorectified
photograph
corresponding in
spatial coverage to
a USGS quad map

THIS WEEK'S LAB

Lab 3: Reproducing
Maps — Geologic Map
¢ Teach you how to manipulate
display properties and
symbology to reproduce a
map in as close as possible a
fashion to the original.

e Teach you how to extract
summary statistics and data
from existing data

ATS 4930 S
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