Tehnologiju dotas iespé&jas
letakai vai precizakai monitoringa
veiksanai



Attala izpéte

Remote sensing




Kas ir attala izpete?

... datu iegusana par interes€joso objektu no attaluma
un So datu apstrade un analize

Kapéec dati jaiegust no attaluma?
objekts ir loti talu

objekts ir loti liels

objekts ir loti mazs

objekts ir loti bistams

ta ir letak
ta ir objektivak



Jaunaka informacija GIS
datubazu atjauninasanai
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Statistika

Var atri iegut jaunako
interes€joso statistiku

— Par dazadu zemes
lietojuma veidu platibam

— Par lauksaimniecibas
kulttru platibam

— Par ainavas
fragmentacijas pakapi

its Raster Attribute Editor - sekunda ) [u 5||

Ble Edt Heb Raster Attribute Editor - sekundara_Kasif_be:
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339148 Vidaji radigi 2315
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3407 Atmatu plavas
320 Mitras plavas

Slapias plavas

2754
30857

Nitrafilas augstzgu sabiedibas
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Kiidias lauki

28828
6035
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Farejas purvi un slapjas lakstau

50577 | [Sanu pursi

44724

Susinl stnu purvi
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Jauktu kaku zausienu med
Kitim3ii un aizaugosi izcirtu




Monitorings
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Kontrole

Var kontrolét mezu izcirSanu| b s o .- -
Identificét meZa bojajumus 9 '

Var kontrolet
lauksaimniecibas kulturas

Identificet vietas, kur
notikuSas 1zmainas




Zaudejumu novertesana

Dabas stihiju skarto
teritoriju identificéSana:

Pludi
Vejgazes
Ugunsgreki




Modelésana

Nogazu un gravu mezi

B (4 et et B L aldix)

s Knowledge Engineer {untitled.ckb} =10 x|
File Edt Evaluate Help

ERS 4+ vwdBE NS =090

= = { % D Mezs1: 20
Nogaumedi | o Klase | 2 Mezs14¢=30
Hypotheses Flules | Variables| |tz =
P Slope =20
+£ 0 X [ 4 | |
A

s Viewer #4 : eexp_002024.im

Fle Uity Miew AO[ Raster Help

FEEDMSZe t=taL xaan #

=101

. 4

SN0 S, 0 (T v Mo (S re




Modelésana

Il nepiemérots
Il suboptimals

Vaidation of Garmed-Gauss10_ST by gamed_BL

Il optimals
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Global Species

Distribution of validation cells




Veésture

|_auj atgriezties pat
vairakus desmitus gadu
sena pagatne
NodroSina informaciju
izmantoSanai nakotne




Attalas izpéetes datu iegilisana

Sensoru veidi
— Pasivie: skaneri (registré
elektromagnétisko
starojumu)

— Aktivie: radari, lidari

Sensora nesejs
— Lidmasinas: aerofoto
— Zemes maksligie
pavadoni: satelitattéli

Digitals attels




Elektromagnétiska starojuma spektrs
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1111111 1111
1111 0001111
Kas ir digitals attéls tr1 11t o000 11141
11141 000 111 1
: : I 1 00 0 00000 0 1
“Pikselis” (saisinajums no 00 0 00000 01
jédziena “picture element”) jeb
na ir attéla mazaka vieniba - 100 0 0000001
attéla pamatelements. Tam ir: tr1 110001111
— Laukums (laukumu nosaka r1t 110001114
piksela malu garumi) 1111 000 1141 1
— Veértiba (ir skaitliska 111111117111
informacija. Visbiezak ta o 1 5 a 4
raksturo piksela
tumSuma-gaiSuma pakapi) ©
— Koordinatas (raksturo 1
piksela atrasanas vietu
attéla vai piksela aprakstitas =23
vietas atrasanos realaja 3 (attala koordinates)
pasaule) - "X,y = 267212, 6266338
4 (redlds koordindtes)




Daudzslanu atteli:

Vienu un to pasu laukuma vienibu var raksturot vairakas vertibas:

« atteli uznemti dazada laika
e atteli uznemti dazadas elektromagnetiska spektra joslas

Sadu informaciju attélo vairakos slanos jeb joslas:

Attelus, kas satur informaciju tikai par
vienu spektralo joslu 3 joslas
sauc par panhromatiskiem

Attelus, kas satur informaciju par
vairakam spektralajam
joslam sauc par multispektraliem

7
[

1 pikselis

~

Attelus, kas satur informaciju par
daudzam spektralajam
joslam sauc par hiperspektraliem



Datu izskirtspéja

|zSkir 4 veidu izsSkirtspégjas:
— Telpiska
— Radiometriska
— Spekirala
— Temporala
Satelitattéla ainas lielums
— Skenésanas joslas platums (swath)




Telpiska izSkirtspéja

Telpiska izskirtspéja

30m

Telpiska izskirtspéja raksturo
laukuma vienibu daba, ko
apraksta pikselis

Telpiska izskirtspéja nav tas pats,
kas merogs.

Attelu var attelot jebkura méroga,
bet nav iespejams lauzt
“piksela barjeru”

Cits variants: mazakais objekts,
ko izSkir sensors

30m x 30m

30m

§
T

RN
N

i




Radiometriska izskirtspéja

... ir informacijas daudzums, ko satur piksela veriba

Citiem vardiem:
radiometriska izsKirtspeja ir iesp€jamo piksela vertibu diapazons

01234567889 1011 \\ 244 249 255
AN

8-bit

N\

0 1 2 3 4 S \ O\ 122 123 124 125 126 127
AN

7-bit

N\
0 \ X




Spektrala izskirtspéja

raksturo elektromagnetiska spektra intervalus, ko sensors

registré

30m
lieli elektromagnétiska spektra =™
: — _ 9 P Radiometriska
iIntervali norada uz zemu iz&Kirtspéja:
spektralo izskirtspéju B-bit (0 - 255)
Spektrala
Spekirala izSkirtspéja nenozimé izskirtspeja:
0.52 - 0.62 pm

tikai joslu skaitu attela!




Temporala izskirtspéja

Temporala izskirtspéja raksturo, cik biezi sensors ievac
datus par attiecigo teritoriju

30m

30 m

Radiometriska
izSkirtspéja:
3-biti (0 - 255)

Spektrala
izsKirtspéja:
0.52 - 0.62 pm

1. diena

o 15 diena__|

_—_—m—-—e—eee—_—_—_—,,e—e—e—e,—,eeee—_ e e e ————_—

Temporala izskirtspéja: 14 dienas



Satelitatteli

vs aerofoto

Satelttattéeli

Aerofoto

Dati tiek ieguti no |oti liela
attaluma

Atteli tiek ieglti no relativi neliela
attaluma

Attalums starp sensoru un
virsmu dazadas ainas vietas
batiski neatskiras

Batiski atskiras attalums starp
Sensoru un virsmu ainas centra
un periférija

Orbitas ir nemainigas, katrs
segments tiek Skérsots noteikta
laika ar iepriekSnoteiktu
regularitati

Uzlidojumi tiek veikti pasatitaja
izvéletaja laika un pa izveéléto
marsrutu

Var bdt gan panhromatiski, gan
multispektrali, gan hiperspektrali

Var blt gan panhromatiski, gan
multispektrali (krasaini vai
pseidokrasaini), gan
hiperspektrali




Satelitattéeli vs aerofoto

Satelitattéli Aerofoto

par pret par pret
Attéli Attéli
geometriski geometriski
pareizi deformeéti (javeic

ortorektifikacija)
Saules letekmé laika lespéjams veikt letekmeé Saules
augstums apstakli tikal piemérotos augstums un
neietekmeé laika apstaklos  lenkis
Tiek uznemti UznemsSanas UznemsSanas Tiek uznemti
regulari laiks atkarigs no laiku var brivi neregulari
satelita orbitas  izvéléties

Lielakas Zemaka telpiska Augstaka Mazakas
vienlaidus izSkirtspé€ja telpiska teritorijas
teritorijas izSkirtspé€ja vienlaikus
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Ka attelot daudzslanu attelu?

Datora ekrana iespé€jams attelot jebkuru krasu

no 3 pamatkrasam:

« sarkanas

- Zalas

o Zilas

Tadejadi vienlaikus
iespejams attelot 3 attela
joslas

cianzils

Zils

zils

zals

A Zals

balts

dzeltens

Sarkans
E

melns

sarkans

fuksinsarkans

(magenta)






Slani - RGB
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Latvijas Geotelpiskas
informacijas agentura

Paklauta LR Aizsardzibas ministrijai

e ortofoto par LR teritoriju

e cita geotelpiska informacija
(topografisko karSu slani,
topografiskie dati, u.c.)

e dati LKS-92 koordinatu
sistema




LKS-92 kvadratu ftikls
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Rupjas izskirtspéjas satelitattéli

(Ssg;tigis) Joslas ;l;?lgpiirilsféja Cikls iéimngis gjrn:ir(l?
SA%AI‘{AI‘{R) . 1000 m 6-12h ?288 Em ll)ggn/laksas
(Tl\irga]/)/;‘g)“a 36 250-1000m 24-48h ;238 + bezmaksas
(S\If)ggrgtation) 1000m >—10d 3388 Em 120







Vidéjas izskirtspéjas satelitattéli

Satelits Joslas Telpiska Cikls Aimnas Cena (¥)
(sensors) izsKirtsp€ja izmérs par ainu
Landsat 4 80 m 16-18 185x 200/
(MSS) (2+2+0) d 185 km bezmaksas
Landsat 7/+pan  30/60 m 16 d 173 x  1500/600/
(TM/ETM+) (3+3+1) (pan 15 m) 183 km bezmaksas
Terra 14 15/30/90m 16d 60x60 75 —300/
(ASTER) (3+6+5) km bezmaksas
EO-1 9+pan 30m(pan 16d 37x42 250-1500
(ALI) 10 m) km
EO-1 220 30 m 16d 7,7 X 250 - 1500
(Hyperion) 42 km
SPOT 4 4+pan 20 m (pan
(24+42+0) 10 m) 60 x 60 3375 (pan
26 d 3375 —
SPOT 5 4 +pan 10 m (pan 5 km 6750)
(2+2+0) un 2,5 m)




Landsat

1965 — NASA uzsak “Earth Resource Survey”
programmu lai atfistitu metodes Zemes izpétei no
kosmosa

1972 — NASA palaiz Landsat 1 satelitu ar MSS
sensoru

1975 — Landsat 2

1978 — Landsat 3

1982 — Landsat 4 ar jauno TM sensoru
1984 — Landsat 5

1993 — nesekmigs Landsat 6 palaiSanas m:¢
1999 - Landsat 7 ar jauno ETM+ sensoru
2013 — Landsat 8 ar jauno OLI sensoru




Landsat8

Satelita orbita ir 701 — 703 km virs zemes

Tam ir OLI (Operational Land Imager)
multispektrala skanésanas sistéma un T—
TIRS (Thermal InfraRed Sensor) sensors PR )

OLI sensors registré informaciju
9 spektralajas joslas

TIRS sensors registré informaciju
2 spektralajas joslas

=

8-bitu (0 — 255) radiometriska izél,(irtspéja.," I

—_—
L -

16 dienu temporala izskirtspéja













Landsat OLI un TIRS attelu spektralas joslas

Joslas Joslas nosaukums Registrétais Telpiska
spekirs izSkirtspéja

1 Piekrastes/Aerosol 0.433-0.453 um 30x30m

2 Zila 0.45-0.515um 30x30m

3 Zala 0.525-0.60 yum 30x30m

4 Sarkana 0.63-0.68 um 30x30m

3 Tuva infrasarkana 0.845-0.885uym 30x30m

6 Videja infrasarkana 1.56-1.66 pm 30 x30m

7 Videja infrasarkana 2.1-2.3 um 30 x30m

8 Panhromatiska 0.50-0.90 pm 15x15m

9 Cirrus 1.36-1.39 um 30x30m

1 Tala infrasarkana (termala) 10.3-11.3 100 x 100 m
1 Tala infrasarkana (termala) 11.5-12.5 100 x 100 m




Sun Mon Tue Wed Thu Fri

Paths on
Cycle Day
9

Instructions For Use:
Click on the date you
wish to view - the
paths for that date will
show at the right and
graphically below.




NASA pavadonu orbitu WRS-2 nomenklatura




ASTER

Advanced Spaceborne Thermal Emission and
Reflection Radiometer

Atrodas uz Terra satelita (palaists Dec, 1999)
Satelita orbita ir 705 km virs zemes
14 spektralas joslas
3 joslu grupas
— Redzama gaisma —tuvais IR (1. — 3. josla) — 15 m
izSKkirtspéja
— Vidéjais IR (4. — 9. josla) — 30 m izSkirtspéja
— Termalais IR (10. — 14. josla) — 90 m izskirtspé€ja



-4— Yisible — Mear |[R —3= -#— Short Wave R —3=

Wavelength (um)

' 'j 7 S
1 1 T T T T T T T 1 1
0.4 0.8 |.2 l.6 2.0 2.4 8.0

I I I
10.0 12.0

-4— Thermal [R. —»=

ASTER

Landsat 7









Smalkas izskirtspéjas satelitattéli

Satelits Joslas Telpiska Cikls | Ainas Cena ($) | Cena ($)

(sensors) izsKirtsp€ja platums | par ainu | par 1 km?

Ikonos 4+pan [0,82/4m ~3d |11,3km |n/a 10 - 38
(3+1+40)

Quickbird 4 0,61/244m [1,5- |16,5 km | 3808 - 14 - 83
(3+1+0) 3d 22576

Worldview -1 | 1 (pan) |0,5m 5d 17,7 km | 3808 - 14 - 80

21760

Worldview -2 |8 + pan |0,46/1,84m |1,1d |16,4km |n/a n/a
(6+2+0)

Geoeye - 1 44+pan 041/1,65m |1-3 |152km [n/a 12,5 -40

d

(3+1+40)







Janem vera

Originalattéla (raw image) cena ietver 1 licenci 1 lietotajam

Manipuléts attéls uzskatams par produktu un uz to neattiecas
originalattéla izplatiSanas ierobezojumi

Satelitatt€éla cena neietver ta talakas apstrades izmaksas

Satelitattelu apstradei nepiecieSama speciala programmattra

(ERDAS Imagine, IDRISI, ER Mapper, ArcGIS Image Analyst,
ENVI, TNT, PCI Geomatics, GRASS u.c.)

Datu apstrades gala produkts tiek sagatavots talakai izmantoSanai
parastajas GIS programmas, specializétas statistikas paketés vai
ofisa programmas

Pirms pasutit atteélu, japarliecinas, ka tas ir bez makoniem vai citiem
defektiem

Pirms pasutit uzlidojumu, javienojas par datu kvalitates
nosacijumiem, formatiem, utt.



Pasitisana un papildus informacija

Eurimage (www.eurimage.com)

USGS (http:// eros.usgs.gov/#/Find_Data/Products_and_Data_Available/S atellite_Products)
SPOT (www.spot.com)

GeoEye (www.geoeye.com)

SPUTNIK (sputnik.infospace.ru)

NASA Landsat 7 Users handbook
(http://landsathandbook.gsfc.nasa.gov/handbook.html)

LANDSAT kalendarais plans
(http://landsat.usgs.gov/tools_L8_acquisition_calendar.php)



Satelitattelu meklésana http://glovis.usgs.gov

USGS Global Visualization Viewer M=
Sensor | Resolution MapLavers Tools File Help
ASTER J =

EO-1 » 8

Landsat ¥ [0 Landsat 7 ETM+
MODIS Aqua | - L7 ETM+ SLC-off
¥ Landsat 4-5 TM
[ Lahdsat 4-5 MSS

b
[0 Landsat 1-3 M55

Orthorectified »
! "“"{ s | [ L4.7 Combined

| [ [ ¥]

RS2
path Row: 2 g

o) ar.3 : G0
ong:

MODIS Terra »
MBLC

Max Cloud:
0% -

=

S cene Information:

ID: 5188020008617710
Cloud Cowver: 0% Qlby: 9
Cate: 19865626

Jun w || 1986

Prev Scene

Landsat 4-5 TM Scene List

Add
Landsat 4-5TH 1000t Mo Limits Set




Google Earth / Google Maps

& Google Earth - — -
Fails | Redigét Skats Riki Pievienot Palidziba

¥ Search ﬁ 4@«

Meklat

Sapemt norades Vésture

¥ Vietas
4 E@ MManas vietas

> [V ED levérojamu vietu apskate
Parliecinieties, ka 2 dimensiju &ku
slanis ir atziméts.

F& Pagaidu vietas

[I + | ¥

¥ Slani Earth galerija »»
4 @ Primara datu baze
> 'F Robefas un apzimégumi
¥ @ vietas
> 2 Fotoattéli
M= ceji
> Telpiskas ekas
- WS Okesns
- C1 4% Laikapstakli
> D}}Lj Galerija
4 D@ Vispargja informacija
> O[3 vairak

O ')g_le earth

Marsruta cejvedis - o & 32314 ; 9'51.24" Austrumi tu punkta lenkis 11000




Attelu digitala klasifikacija



Ka iegut no attéla datiem izmantojamu kartografisko informaciju?

3 iespejas

Vizuala interpretacija Automatizéta attélu analize
Manuala kartesana

Pikselu Objektorientéta
klasifikacija  segmentacija

- piem. vektora GIS datne
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M Unclassified

M Cecp water

M =shallow water
B Fringe

M Bog wondland
B Ory pine

[ Young pine

M old pine

[ 1%oung spruce
M Coniferous

M 2ld coniferaus
B Young mixed

0 Mixed

[ 1¥oung deciduous
M Deciduous

[ 1shrubs

[ Rised bag

[ IFen

[ |Reeds

[ sbandoned overgrowing
[ IMonproductive grassland
[ Productive grassland
[ wet grassland
B winter cereals
B Winter rape

[ summer cereals
[ Summer rape
B Rk crops

[ 1Elack Fallow

B Feat fields

[ |5and/artificial
[ Clearcut



Dazadi zemes virsmas elementi atskirigi atstaro Saules
energiju

Zemes virsma

atstarojums
izstarojums

Vilnu garums (]

B el L

Ultravioletais stargjums == Hzozama QaiSmg = ——— Infrasarkanals starojums
1 2 4

Landsat M = Jrs) ] (5] [c]

SPOT m%rlnﬁ:sl:;zmmm&
ICONOS [

Tadejadi tie dod atskirigus “parakstus”
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Habitat classes

B ater
B Wetland

[ Pine forest

I Coniferous forest
[ Mixed forest
[ ] Deciduous forest
[ Grassland

[ ] Arable land

I Urban / artificial




Habitat classes

Bl viater
[ Wetland
B Forest

[ | Agricultural
[ Artificial




Automatizéta attélu analize

Pikselu
klasifikacija

Katrs pikselis tiek
analizéts nenemot véra
apkart esoso pikselu
kontekstu

e.g. : neparraudzita
klasifikacija,

parraudzita klasifikacija
“klasiska” attélu digitala
klasifikacija
NepiecieSama attélu
pécapstrade, lai izdalitu
nepieciesamo informaciju

Objektorientéta
segmentacija

Attéla Sunas tiek
kombinétas, izdalot
realas pasaules objektus

attélu segmentacija

—> objektu atpazisana
Pedéjo 5-10 gadu laika
strauji attistijusas
metodes

Intereséjosie objekti tiek
izdaliti jau segmentacijas
/ atpaziSanas procesa



Examples of
Meaningful Hierarchical
Cell Image Object Levels

Entire Image

Bioclogy Geography

calaver

Coarse

Cell body & Organ Forest

Nucleus

Spots in Nucleus Tissue Tree Type Medium

differently
colored pixels Cell

Tree Fine

aaaaaaaaa

Pixel Level

7 J,. s
e _..-..;._,_..,r._,;":_..'f l,;"._,.’ i

Classification Segmentation of
Algorithm: Segmentation e class B




Macisanas faze

Feature axtraction

N

4 \W.m ,E/

(30pb Bidad)

Sample objects

Image layer
(el Db

ClassifbCalion parameles

Maormalization  Classifier traming Serialization

— normalization — Classifier —=  Sting vanable

T T

normali zation paramater

Pielietojuma faze

Target objecls Feature extraction

@%

Imeape: Bayer
[pimel I:-:Md

\. Object feature (_\J_h} pc— /

| RN Dulld = C{f

Sinng vanable # desenakzabon

Normalization Classification

Sagmentalion
& classification

(pinsl Dased)

'.r

<7,

Classilicabon
e nased

—» roimakzation —e Classifier —»
.‘I l

noemali zaton parameles




Indianas siksparna (Myotis sodalis) kolonija
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Putnu uzskaites ar attalo

iZpéti PhaseOne H20, 2000
ca. 10 cm GSD

Horns Reef, DK

1 tumsa pile

Groom G., Petersen I.K., Fox A.D. 2007. Sea bird distribution data with object based mapping of high spatial resolution image data .
Challenges for earth observation - scientific, technical and commercial, Proceedings of the RSPsoc Annual Conference 2007, September 11-
14, 2007, Newcastle University, Nottingham (UK), The Remote Sensing and Photogrammetry Society, paper 168.



PhaseOne H20, 2000
ca. 10cm GSD

Samsg, DK

/3 Parasta pukpile
10 Parasta pukpile

Groom G., Petersen I.K., Fox A.D. 2007. Sea bird distribution data with object based mapping of high spatial resolution image data .
Challenges for earth observation - scientific, technical and commercial, Proceedings of the RSPsoc Annual Conference 2007, September 11-
14, 2007, Newcastle University, Nottingham (UK), The Remote Sensing and Photogrammetry Society, paper 168.
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image data
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- Procesa sakumpunkts:
Putna apspalvojums kontrasté ar fonu
... ldzigi ka veérojot putnus vizuali

Nielssen R.D., Groom G., Petersen |.K., Stjernholm M. 2011. Marine bird abundance and distribution data derived by automated detection in
aerial survey image data. Presntation given at MARMONI seminar (Sagadi, Estonia) at November 02, 2011



Objektorientéta attélu analize un juras dzivnieki: Orkneys, 4 cm image data

Nielssen R.D., Groom G., Petersen |.K., Stjernholm M. 2011. Marine bird abundance and distribution data derived by automated detection in
aerial survey image data. Presntation given at MARMONI seminar (Sagadi, Estonia) at November 02, 2011
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Nielssen R.D., Groom G., Petersen I.K., Stjernholm M. 2011. Marine bird abundance and distribution data derived by automated detection in
aerial survey image data. Presntation given at MARMONI seminar (Sagadi, Estonia) at November 02, 2011




|zplatiba/skaits, meduzas sp.
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Nielssen R.D., Groom G., Petersen I.K., Stjernholm M. 2011. Marine bird abundance and distribution data derived by automated detection in
aerial survey image data. Presntation given at MARMONI seminar (Sagadi, Estonia) at November 02, 2011
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Sudrabkaija " Mazais Kiris




Tumspiles
Melanitta sp.

Tumsa pile Melanitta fusca
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Kakaulis
Clangula hyemalis



Gargales
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Melnkakla gargale BrUnkakla gargale



4 kakauli un 1 Melanitta pile




Vismaz 4 tikko ienirusi putni




|zskatas ka putni, bet nav putni: saules atspidumi




