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Introduction

e What is Landsat ?

.!. http: Ian:i-:-ai:.usgs.gnv 'D |

Home Mission Headlines

October 20, 2015 - Possible Connectivity
About Landsat Issues Thursday, Oct 22, 2015

Gallery This site may have intermittent access Thursday
October 22, 2015 between 6 pm and 9 pm CDT
during network upgrades. We apologize for any

sScience




Introduction _
e Where can | download? | MR

— . View and Get Color Images - Landsatl ook
B [k Viewer

Browse and Download Data - GloVis
science for a changing world

- e Search and Bulk-Download Data -
EarthExplorer EarthExplorer

Home 3 New System Messages

Search Criteria Summary (Show)

1. Enter Search Criteria

To narrow your search area: type in an address or
place name, enter coordinates or click the map to
define your search area (for advanced map tools, view . !
the help documentation), and/or choose a date range. s & P
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| @ No coordinates selected |



Seen Selection — Path and Row

y,,__mmT,zwggﬁaﬁfﬁﬁﬁﬁﬂv/ ;
P T Ry
V LT

7\ . A/ / /, | /ﬂ.ﬂ_- : /_.- e /_. )1, : /__ e




Seen Selection
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Matlab

e Components

Event-Based Modeling Applications

Real-Time Simulafion Verification, Simulation Graphics Control Systems
and Testing Validation, and Test and Reporiing

S ® Signal Processing
IMULINK and Communications

Simulation and Model-Based Design "
Imoge Processing ’

P and Computer Vision

Computational

Fimance

The Language of Technical Computing

Math, Statistics, and Application Datobase Access and
Opfimization Deployment Reporting




Matlab — Image

Capabilities

1

IQ

rocessing toolbox

=)
Exploraotion and Discovery

Use functions and apps to
acquire, visualize, analyze, and
process images in many data
types.

Image Registration and

Geometric Transformations

Perform image registration,
which is important in remate
sensing, medical imaging, and
other applications in which
images must be aligned to
enable guantitative analysis or
gqualitative comparison.

Image Enhancement

Increase the signal-to-noise ratio
and acoentuate image features
by modifying the colors or

intensities of an image.

Learn more

Large Image Processing
and Perfformance
Acceleration

Work with large images that are

difficult to process and display
with standard methods.

Learn more

Image Analysis

Perform image analysis by
extracting meaningful
information frem images, such
as finding shapes, counting
objects, identifying colors, or

measuring cbject properties.

Learn more

-

Image Processing Toolbox with

enerate C, C++, and HOL code

directly from MATLAB by using

Image Segmentafion
Explore different approaches to
image segmentaticn, including
progressive methods, automatic
thresholding, edge-based
methods, and

morphology-based methods.

Learn more




Matlab — Mapping toolbox

Mapping Toolbox

Analyze and visualize geographic information

Overview Features Code Examples Videos Webinars Related Products VWhat's New Product Tri

Mapping Toolbox™ provides algorithms, functions, and an app for analyzing geographic data
and creating map displays in MATLAB®. You can import vector and raster data from a wide
range of file formats and web map servers. The toolbox lets you subset and customize data
using trimming, interpolation, resampling, coordinate transformations, and other technigues.
Geospatial data can be combined with base map layers from multiple sources in a single map
display. You can export data in file formats such as shapefile, GeoTIFF, and KML. By
incorporating mapping functions into MATLAB programs, you can automate frequent tasks in
your geospatial workflow.

Key Features

Geographic Data Import and Export

20 and 3D Map Displays

Web Mapping

Terrain and Elevation Analysis

Geometric Geodesy and Map Projections

Data Representation and Transformations




Mapping Toolbox

Matlab — Mapping toolbox

Overview Features Code Examples Videos Webinars Related Products What's New Produ

Key Features Terrain and Elevation Analysis
Geographic Data Import and Export Geometric Geodesy and Map Projections
20 and 30 Map Displays Data Representation and Transformations
Web Mapping

Key Features

Vector and raster data import and export

Custom raster map retrieval from Web Map Service (WMS) servers

Web map display with dynamic base maps from OpenStreetMap and other sources
2D and 3D map display, customization, and interaction

Digital terrain and elevation model analysis functions

Geometric geodesy functions, including 2D and 3D coordinate transformations and more
than 65 map projections



File formats and data products
supported by Mapping Toolbox

e Raster file formats, such as GeoTIFF, USGS DEM, DEM, DTED, Arc ASCII
Grid, GTOPO30, ETOPO, and worldfile

» Vector file formats, such as ESRI® shapefiles, KML, GPX, VMAPO, and
GSHHS

e Selected data products, such as AVHRR and EGM96

Relevant data formats supported by MATLAB include:
* Image file formats, such as TIFF, JPEG, PNG, and JPEG2000

e Scientific data formats, such as NetCDF, HDF5, HDF4, HDF-EOS, and
multiband files (BIP, BIL, BSQ)

e Network data access through OPeNDAP URL address

Relevant image file formats supported by Image Processing Toolbox include:
e NITF and HDR



Read an image with Matlab

e Bands ?
e R G, B?

8
I
[o]

e Let’s read an image

A = imread(‘img_name’)!




True color image and band separation

imread(‘img_name’) moneEse 00000 (=lelx)

R=A(,:1); 12007 HO QST A - 12007 HO| QR A
G =A(::,2);
B= A(,:3); Red Sensor
Y = zeros(size(R)); |
X = cat(3,R,G,B); _
imshow(X) s o o | i

E 2448,3264 Uint8 | e —
. . = 2 — FH 2448:3264 uint8
2 133 132 L 2 g
Rsum = sum(sum(R)); R — il ﬂ' i
— 1.153476040000000e+09 {|: o = i —— -
7 138 139 5 | 120] 121
Gsum = sum(sum(G)); Blue Sensor slw
; | "
— 1.093311338000000e+09 r
1 2448:3264 double
Bsum = sum(sum(B)); " >
Pixel info: (X, ¥) [R G B] 1 ’—Ul 1]
_  1.037606082000000e+09 — : —
— T 1 j Y E E
fowow o eCm e el T
1/ 3 109 108 109 108 105 104 & 0 0
i 4 107 107 108 107 106 105 7 0 0
. — 5 104 105 105 104 104 102 g 0 0
| 6 106 107 107 105 104 102/~ o 0 0



False Color images

=

File Tools Window Help File Tools Window Help

File Tools Window Help

D0 ? [ Ho &AM b Du0e ? (WO AA D%

Pixelinfo: (2110, 1070) (188 157 152) Pixel info: (X, Y} Pixel Value

N Eile Tools Window Help

La0® ? 8| R M %0 -

Eile Tools Window Help N Eile Tools Window Help

D200 ? | &M% ~

' Pxel info: (X, ¥) Pixel Value Pixel info: (1962, 904) [234 238 243]

' Pixel info: (X, ¥) Pixel Value

‘ GBR BRG BGR



Read Landsat Images

o L1 =imread(‘LXX***###™>** *Hit#* > *##t'),
e L1=imread(‘LE71410552003047SGS00_B1.TIF’)

-

Name & EEA b E: » GIS SEMINAR 2015 » LET14:
LE714105520030475GS00 Current Folder ®
B LE714105520030475GS00 tar.gz Name

o LE714105520030475G500_B1.TIF

&5 LE714105520030475G500_B2.TIF

&5 LE714105520030475G500_B=.TIF

&5 LE714105520030475G500_B4.TIF

& LE714105520030475G500_B5.TIF

&5 LE714105520030475G500_B6_VCID_1.TIF
&5 LE714105520030475G500_B6_VCID_2.TIF
&5 LE714105520030475G500_B7.TIF

&5 LE714105520030475G500_B&.TIF

| LE714105520030475G500_GCP bd

| LE714105520030475G500_MTL.txt

| README.GTF
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Read Landsat images

PETE SN S TP TR T

-

4\ MATLAE R2015a - student use

3 -

APPS @ e e H 2 & @ Search Docurnentation
- (o i = )
aee8e v »p 8 8 B B &G o
Get More  Install Package Optimization MuPAD PIC Tuner Control System  Image Viewer Map Viewer Classification Diztribution
Apps App App Notebook Designer Learner Fitting
FILE AFPS
<@ = == L v B » GIS_SEMINAR_2015 » LET14105520030475G500 - R
Current Folder ® | Command Window ¥ | Workspace ®
| Mame >» uiopen("E:\GIS SEMINAR 2015\LE714105520030475GE | Name Value
Z. LE714105520030475G500_B1.TIF >> imread ('E:\GI5_SEMINAR 2015\LE714105520030475GS |3 70017821
& LE714105520030475G500_B2.TIF »» L1 = imread('E:\GI5 SEMINAR 2015%LE71410552003C EE| LE714105520030475G500 Bl 7001x7821
{5 LE71410552003047SGS00_B3.TIF »» uiopen{'E:%“GI5 SEMINAR 2015%LE714105520030475G2
& LE714105520030475G500_B4.TIF >> uiopen('E:\GIS SEMINAR 2015%LET14105520030475GS
&5 LE714105520030475G500_B5.TIF fx »>
&5 LE714105520030475G500_B6_WCL.., r_v;
& LET14105520030475G500 B6 VCI... 4| Image Tool 1 - LE714105520030475GS00_B1 I. =1 | =] ﬁ]
r
&% LE714105520030475G500_B7.TIF File Tools Window Help -
&% LE714105520030475G500_B&.TIF
| LET14105520030475G500 GCPet || BB @ © 7 H & & 2 I -
[ LE714105520030475G500_MTL bt =
| | README.GTF 3
i
LE71410552003047 SGS00_BA1.TIF (TIFF A il 2
% Pixel info: (X, ¥} Intensity Dizplay range: [0 255]

e ———



What’s inside?

VARIABLE

_ QO Reuse Figure
[ LE714105520030475G500...

L | el B | FEP A L SERrT: | ~ New Figure
plot Plot as mult... Plot as mult.. bar area

surf mesh scatter plotyy
SELECTION OFTIONS
[ 70017821 wints
1335 1336 1337 1338 1339 1340 1341 1342 1343 1344 1345 1346 1347 1348 1349 1350 1351 1352 135
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .
14 0 ol 0 0 0 0 0 0 0 ol 0 0 0 0 0 0 0 ol
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 1 7 10 9 8 9 0 0 0 0 0 0 0 0
19 0 0 0 0 9 8 9 9 8 10 9 9 g 10 10 13 0 0
20 0 0 0 0 9 8 9 9 10 10 9 10 9 10 9 10 1 1
n 0 0 0 0 9 9 8 9 10 10 8 8 1 9 9 1 9 10
2 0 0 0 0 9 1 9 9 9 9 10 10 10 8 10 1 8 9
PE! 0 0 0 0 8 9 9 8 8 1 8 10 8 10 9 8 10 9
2 0 0 0 0 9 9 8 10 9 9 9 10 9 10 12 9 9 9
25 0 0 0 10 9 10 7 10 8 1 8 10 9 9 10 8 10 1
2 0 0 0 1 9 10 8 1 8 8 10 0 g g 10 10 9 12
27 0 0 0 10 8 8 10 9 9 10 9 9 9 9 10 8 9 1
28 0 0 0 10 8 9 9 1 10 9 8 10 10 9 10 8 10 9
2 0 0 0 9 9 9 9 8 8 9 10 9 9 8 10 9 9 10
20 0 0 0 2 3 3 8 8 9 10 8 8 10 10 9 10 9 9
e 0 0 80 62 1 E 19 10 9 4 3 5 6 g 9 9 10 g
2 0 0 0 0 0 79 82 77 70 63 53 4 39 2 13 3 1 1
EE! 0 0 0 0 0 7 75 75 75 78 86 101 131 176 186 123 83 Ve
En 0 0 0 0 0 70 73 72 75 78 83 102 125 165 189 147 152 157
35 0 0 0 0 0 72 72 74 76 79 81 9 119 142 154 174 199 196
6 0 0 0 0 0 75 7 77 85 84 79 88 109 144 173 195 220 215
7 0 0 0 0 0 68 7 80 87 87 94 134 171 211 237 23 210 199
38 0 0 0 0 0 72 7 79 83 105 144 181 m 252 255 1 160 157
9 0 0 0 0 76 74 77 75 95 137 180 192 20 255 255 200 122 106
40 0 0 0 0 73 74 78 95 142 165 178 218 255 255 255 1 161 112
f 0 0 0 0 74 75 86 132 184 167 161 218 255 255 255 255 209 150
42 0 0 0 0 78 77 o7 149 172 156 177 230 255 255 255 255 236 189
43 0 0 0 0 75 78 89 119 143 177 228 255 255 255 255 255 253 26
m 0 0 0 0 76 83 85 96 129 178 249 255 255 255 255 255 255 245
45 0 0 0 78 77 82 a7 88 110 134 234 255 255 255 255 255 250 214 il
4 3




|£| 131 struct with 40 fields

Field

|a0c| Filename
FileModDate
File5ize

Format
FormatVersion
Width

Height

BitDepth
ColorType
Formatsignature
ByteOrder
MewSubFileType
BitsPersample
Compression
Photometricinterpretation
StripOffsets
SamplesPerPixel
RowsPerStrip
StripByteCounts
XResolution
YResolution
FesolutionUnit

Colormap

i il [

Yalue

'ENGIS SEMIMAR_20154LE714105
19-Aug-201518:41:29"

54811178

'tif'

T8

7001

B

'grayscale’
[73,73,42,0]
'little-endian’
0

B
'Uncompressed’
'BlackIsZero’

o e ,
1x7001 double

More about Landsat files

Imfinfo(‘landsat_img’)

abe| PlanarCenfiguration

abc

TileWidth
TileLength
TileOffsets
TileByteCounts
Orientation
FillOrder
GrayResponselnit
MaxsampleValue
MinSampleValue
Thresholding

Offset
SarmpleFormat
ModelPixel5caleTag
ModelTiepointTag
GeokKeyDirectoryTag

abc| GeolsciiParamsTag

'Chunky'

54754830

'Unsigned integer’
[30,30,0]
[0,0,0,341100,906000,0]
1x78 double

'UTM Zone 44 N with WGE5E4|'




More about Landsat files

MTL parser.m

— Written in Nov 2012 by Evan Miles, Scott Polar
Research Institute, University of Cambridge

Generate metadata in a structure
MTL file - LE71410552003047SGS00_MTL.txt

Usege: MTL parser(‘Landsat_img’);



More about Landsat files

13 struct with 10 fields

1 struct with 45 fields

Field =

METADATA_FILE INFO
PRODUCT_METADATA
IMAGE_ATTRIBUTES
MIN_MAX_RADIANCE
MIN_MAX_REFLECTANCE
MIN_MAX_PIXEL VALUE
PRODUCT_PARAMETERS
RADIOMETRIC_RESCALING
THERMAL_CONSTANTS
PROJECTION_PARAMETERS

4 | 1] [

Value Field =
11 struct
11 struct
11 struct
11 struct
1x struct
1l struct

1x1 struct
1x1 struct
1x1 struct

1x1 struct

x| ORIGIN

REQUEST ID
LANDSAT_SCEME_ID
FILE_DATE

o] STATION_ID 5G5S
oe| PROCESSING_SOFTWARE_VERSION
aoc| DATA_CATEGORY

|II 13 struct with 7 fields

Value

‘Irmage courtesy of the L5, Geological.
'0101508186856_00001"
'LEF1410552003047 5G500"
'2015-08-19T18:41:247

'LPG5 1261°
‘NOMINAL'

SELECTION [

1l struct with 9 fields

Field =

MAP_PROJECTION

DATUM

ELLIPSOID

H uTM_ZONE

HH GRID_CELL SIZE_PANCHROMATIC
- GRID CELL SIZE_REFLECTIVE

H GRID_CELL_SIZE THERMAL
ORIENTATION
RESAMPLING_OPTION

Value

‘T

"WiE584'

"WiE584'

44

15

30

20

'MORTH_UP'
"CUBIC_COMNVOLUTION

1| i

0 QUANTLIZE CAL_MAA_BAND
-H QUANTIZE_CAL_MIN_BAND_1
-H QUANTIZE_CAL_MAX_BAND_2
-H QUANTIZE_CAL_MIN_BAND_2
-H QUANTIZE_CAL_MAX_BAND 3
-H QUANTIZE_CAL_MIN_BAND 3
-H QUANTIZE_CAL_MAX_BAND 4
-H QUANTIZE_CAL_MIN_BAND 4
-H QUANTIZE_CAL_MAX_BAND_5
-H QUANTIZE_CAL_MIN_BAND_5
-H QUANTIZE_CAL_MAX_BAMD 6_V...
- QUANTIZE_CAL_MIN_BAND 6_VC...
QUANTIZE_CAL_MAX_BAND 6 V...
-H QUANTIZE_CAL_MIN_BAND 6 _VC...
-H QUANTIZE_CAL_MAX_BAND_7
HH QUANTTZFE Ccal MM RAND 7

m

Field =~

o] DATA_TYPE

o] ELEVATION_SOURCE

o] QUTPUT_FORMAT

o] EPHEMERIS_TYPE

oc| SPACECRAFT_ID

o] SENSOR_ID

o] SENSOR_MODE

- WRS_PATH

-H WRS_ROW

o] DATE_ACQUIRED

o] SCENE_CEMTER_TIME

-H CORMER_UL_LAT_PRODUCT

-H CORMER_UL_LON_PRODUCT

- CORNER_UR_LAT PRODUCT

- CORNER_UR_LON_PRODUCT @
-1 CORNER_LL_LAT_PRODUCT

- CORNER_LL_LON_PRODUCT

- CORNER_LR_LAT_PRODUCT

- CORNER_LR_LON_PRODUCT

-H CORMER_UL_PROJECTION_X_PRODL
-H CORMER_UL_PROJECTION_V_PRODL
-H CORMER_UR_PROJECTION_X_PRODL
-H CORMER_UR_PROJECTION_Y_PRODL




Intersect extractor

Clip Landsat images (each band) according to
a given project size.

Input - folder name - containing all valid
Landsat images within the project region

Global project parameters need to be set
Total number of Landsat scenes used — 12684



Project Landsat Intersect extractor

Path Raw
140 053
140 054
140 055
140 056
141 053
141 054
141 055
141 056
142 053
142 054
142 055




Project Landsat Intersect extractor

e On each clipped image other algorithms can
be preformed

— Cloud removal (Fmask), TOA correction etc.

e Reproduce Tiff metadata and export.



- Image Tool 1 - project_mat
File Tools Window Help

DBOO0? HS RARX T % sem

Poxed infor (X, V) Pinel Vo

Dispiay range: [0 255]

- Image Tool 1 - project_mat
File Tools Window Help

U000 %2 B AR %sm

Pocel info: (X, V) Intensity

=E |

¥

Dispiay range: [0 255]

- Image Taol 1 - project_mat
File Tool Window Help

Jado ¥ He AE

Pooet e (X, ) Inkeresiy

Dizplay range: 10 255]

Mosaic Creator

r Image Tool 1 - project mat

File Tools Window Help

—

0 Image Tool 1 - project. mat

JH0 07 He RAM % v

File Tools Window Help

LBEOO? BS RA L % 75m v

Pixedinfor (¥, ) Intensity

«] Image Taol 1 - project_mat
Eile Tools Window Help

D00 % B¢ R4 sen

Pced info: (4357, 2037) 112

file Tools Window Help

As0C? BO @aN

E) Image Tool 1|

Flle Tools Window Help

D00 ? B QKT 5

Poxedinfo: (X, V) Intensty

- Image Tool 1 - project_mat = o e,
4 Image Tool 1 - project_mat

Eile Tools Window Help

DBOO ? B AR % ra6%

Eile Tools Window Help

DO 0P B QA % mx

Pocel info: (4425,1013) 83

Pixed infor (4424, 34) 0

Image Tool 1 - project mat

o 57%

Display range: [0 255)

0 Image Tool 1 - project_mat
File Tools Window Help >

DH00 % B (AKX %

4 Pixel infor (3169, 5) 0 Dispiay range: [0 255




e Allc

Mosaic Creator
ipped images are added together

E3 Image Tool 1 = = -

Eile Tools Window Help

OO 7 H O E®E I 2amm v

Fixel info: (9350, 103058, 0.27 Dizplay range: [0.001.00]

|




Current Folder

+

MNarme

| MATLAR FUMCTIONS
9 GLOBAL PARA.Mm

ﬂ process_landsat_clip_img.m

Scripts so far ...

Current Folder

Marme

fﬂ Irmg_intersect.m

f;‘_hl FATL _cliper.rm

fﬂ FTL _parser.m

) proj_rmat.m

Y praj_mat_clip_img.m
proj_rmat_mosaic.m



Scripts so far ...

CO 1 @ LA W L R

e = = T = = =i =)
B O ==

o

[T % T L T % I S R SR S
=] & A = W Rk O D

o

L I L R L R ]
| T e . R ¥ |

B EEEEEEE RS E T EEESTETTETETEEE

3% Function - create proj_mat

EEEE Tt Tt T T Tttt ot b LU b OO L0 BB BB

% Create project mat for each landsat image

function [] = proj_mat (infilename, cutfilename)

F%%%% INCLUDES =tart %%3%%%
GLOBAL FRARL
%$%%%% INCLUDES end EL 1

img land = imread(infilename);
img info

imfinfo (infilename) ;

img X bl = img info.ModelTiepointTag(4); % = reamains same

img ¥ bl = img info.ModelTiepointTag(5) - img info.Height®30; % v cal
proj pv = [PROJ TL(1), PROJ BR(2), 10500%30, 16000*%*30];

img pv = [img X bl, img ¥ bl, img info.Width#*30, img info.Height*30];
intersect_area = rectint(proj_ pv,img pv):

if (intersect_area > 0)
valid img = true;
end

if (walid img)

fprintf('valid file awvailakle,

proceszsing data

% find intersect position wvector

hm'y g

intersect _pv = img intersect (proj pv,img pv); % XX pv - intersec






