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ABC

ALOS

ALOS4AMAZON

CEMAM

CSR

C/P

DELEMAPH

DEM

DETER

DETEX

DIPRO

DIREX

DPF

3

B

Agéncia Brasileira de Cooperacio (Brazilian Cooperation Agency)
[EIBR 41T
Advanced Land Observing Satellite
Pl BN 2 7205 )
ALOS for Amazon
(75 DNET ~ ) MR A < EETERYI O 720 0> ALOS 2 B
ORHTmy =7 ] OB
Centro de Monitoramento Ambiental, IBAMA (Enivoronment Monitoring
Center, IBAMA)
REET=X) Ty —
Centro de Sensoriamento Remoto, IBAMA (Remote Sensing Center, IBAMA)
IBAMVA U E— BT - U —
Counter Part
AT B ==k
Delegacia do Meio Ambiente (Police station of the Environment)
HHERBRE R Y AR T — v g v
Digital Elevation Model
EEET L
Deteccdo de Desmatamento em Tempo Real (Real time Deforestation
Detection)
UT NG A DFRMRBARFER S AT L
Deteccdo da Exploracdo Madeireira (Forest Exploitation Detection
System)
BRABAFEIE L AT A
Directoria de Protec&o Amboiental, IBAMA (Directorate of Environment
Protevtiction, IBAMA)
TBAMA BRBE (R4 )R
Directoria Executiva (Executive Directorate)
EFRELHATHD
Departamento de Policia Federal (Federal Police Department)

LSRR S =




EU

EDN

EMBRAPA

FAO

FBD

FBS

GEF

GEOCODE

GEOTIFF

GIS

GPS

GTZ

TBAMA

IBGE

ICMBio

European Union

R

ESRI Developer Network

ESRIMDH AL L GIS 77V r—a el 272DICnE R
Zhou=TRY Y=, ERBNE SRR E TS,

the Brazilian Agricultural Research Corporation

7T VIVEENE A

Food and Agriculture Organization

[ i i S B

Fine Beam Dual

A2 2 i SAR

Fine Beam Single

L —{fE SAR

Global Environmental Facility

HEKERBE 7 7 2 U 7«

Geo—coding image

VA a— FEfg (MK EICERD X ICEBOREERHIEL L7 i)

Geo Tagged Image File Format

g7 +—~ v O, fLEFERNFLE SN TND.

Geographic Information System

HFREH S 2T A

Global Positioning System

EHERBINL S 2T A

Deutsche Gesellschaft fir Technische Zusammenarbeit

NA Y Hitr i )tk

Instituto Brasileiro de Meio Ambiente (Brazilian Institute for the
Environment)

BRiE - AR TRE R AR T

Instituto Brasileiro de Geografia e Estatisticas (Brazilian
Institute of Geography and Statistics)

7T D VHIBRRE

Instituto Chico Mendes de Conservacdo da Biodiversidade (Chico

Mendes Institute of Biodiversity Conservation)



ICT

1DB

IMAZON

INC

INDICAR

INPA

INPE

INTELIGEO

IT

ITTO

JAXA

JcC

JICA

KML

LAN

A A T A SRRMEIR T

Information and Communication Technology

LE: G EERE

Inter—America Development Bank

KINBHFESRAT

Instituto do Homen e Meio Ambiente da Amazénia (Amazon Institute of
People and the Environment)

T NR - BRETHFIERT

Instituto Nacional de Criminalistica (National Institute of
Criminalistics)

JLIRIERADTIERT

Indicador de desmatamento por imagens de radar

A N~ OIEEBER B AT L

Instituto de Pesquisas da Amazoénia (Amazonian Research Institute)
T~ FGERT

Instituto Nacional de Pesquisas Espaciais (Nacional Institute for
Space Research)

ESZFH T IEAT

InteliGEO=DPF D7 =7 GIS A7 A

HIEEZZ D WebGIS o AT L DA R

Information Technology

T 2T A

International Tropical Timber Association

[ BB AR B

Japan Aerospace Exploration Agency

FHML AT I B e A

Joint Coordinating Committee

AlRFEEZES

Japan International Cooperation Agency

[T 1 B A

Keyhole Markup Language

BWICHIERE W a £R T 57 1 7T LWEdh, 7 — 7 NT — A THERATHE

Local Area Network
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NGO

NPO

0JT

OTCA

PALSAR

PAS

PDM

PO

PPA

PPCDAM

PPG7

PRODES

Arta—2xy FU—27 (1 fRWNEETHEDLID R v b —
7)

Minutes of Meetings

ek S

Ministério do Meio Ambiente (Ministry of the Environment

BREEAE

Non—-Governmental Organizations

FEBURF A

Non—Profit Organization

FEEFEA - I

on the Job Training

FEHBEBUTCHET L L

Organizacsio do Tratado de Cooperacdo Amazénica (Amazon Cooperation
Treaty Organization)

T~ i D SRR

Phased Array type L-band Synthetic Aperture Radar

T x—ART LA KL A RGO L —4

Plano Amazonia Sustentavel (Plan for a Sustainable Amazon)

T R T A

Project Design Matrix

ZA=RVE T/ N A I gl N 740

Plan of Operation

EEN T8

Plano Plurianual (Multi-year Plan)

ZAFE BE G

Plano de Prevencdo e Combate ao Desmatamento na Amazoénia (Plan for
Prevention and Controle of Deforestation in Amazon)

T R L - B

Programa Piloto para Protecdo das Florestas Tropicais do Brasil
(Pilot Program on the Protection of the Tropical Forests of Brazil)
7T ONBGEMR#E A vy b TR 7T A

Projeto de Monitoramento do Desmatamento na Amazénia Legal (Project

for Monitoring of Deforestation in Lagal Amazon)



R/D

RTF

SAD

SAR

SFB

SIPAM

SISCOM

SQL

SRTM

B

UNDP

UNEP

Web GIS

WB

BT~V UM ESRERE T =2 |

Record of Discussion

BEES

Rainforest Trust Fund

B ERERR A

Sistema de Alerta de Desmatamento (Deforestation Alert System)
ARMBERE AT L

Synthetic Aperture Radar

BRBAA L —4&

Servico Florestal Brasileiro (Brazilian Forest Service)

AR = NG

Sistema de Protecio da Amazénia (Amazon Protection System)
T RGBS AT A

Sistema Compartilhado de Informacdes Ambientais (Environmental
Information Sharing System)

IBAMA D BREEIFHRILAG AT A

Structured Query Language

T R—=AFiE (T RX—ANELS S HT WG EERE)
Shuttle Radar Topographic Mission

AR—A % hUVEEH SAR IZ X2 DEMfhH 7 e 2= 7 k

Terabyte

7 I34 k(10 D 12 FrsA )

United Nations Development Programme

[l B

United Nations Environmental Programme

ESpuise et o ]

Web GIS Application

A Z=Fy b =T XR=TFMLTCIS a5 AT L
Wide Beam mode

SAR OBIHIE— R, ALOS #4# PALSAR @ Wide Beam mode M&LAINE % 350k
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1.37aY=2 hOFTY¥FA 2 (PDM)

ARKT70 Tz MTOWTIE, 2008 4F 12 HIZAARME 77 DI THE S4L72 PDM ver2
Z FEARR 7oA & LT D, D% 2010 4E 11 H I JICA Bx D TR 2 » > a v 03k
L. EB OGN E 51 5 & [RIFEIZ PDM O BB LM Tz, £72 2011 4F 11 HH 12 Al
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2. ®HRE: ISUL

3. ¥AR: 20094F6 A A 5201246 A £ T (3FM)
4. BEREH ERZEROBEEERE BLTAMN\TORESNE
5. W&MIGE: TS ILT I (9 KET Y UIM: Acre, Amapa, Amazonas, Maranhao, Mato Grosso, Para, Rondonia, Roraima, Tocantins)

[PDM 5 approved on 2 Dec, 2011
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£ £

BEBERICLDERIFHRERE
RALIEERITARIESND

a: SARENEE & U ScanSAREIE (x3)ZEAL. AP TRIFELI-FiEZE ALV TALOS(1)
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FAHDIWNEISEEINDS,

(REBIX T &% %X [ the Lower House's Bill No 1, 2010](2&1+55&3R. i :EHEER
ERMBFEDRERENBTHERHICKYRESNLATREELHD)

a-c 1\ EEHERD
WEIZLD
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IZBE9575Y
JLERF D A &
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Technical information based on
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IZIR#tEN S,

a&b:IBAMATGIEH
THEHENZLUAD
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C.ETEEDSHE

AEHITDT

HOF E(ZiBiH
BEEMNELCK
(A Yl

T BREEOREICEI T 21BN T 2011 42 12 A 8 AT CHIE & 4v, IBAMA IIERIE D DS CORMEBELZ ML TEZ DL L NREL TV D,

(Conforme Lei Complementar n°®140 publicado no D. 0. U em 8/dez/2011, o Congresso Nacional manteve a competéncia do IBAMA em fiscalizar

o desmatamento da Amazonia)
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b EEER B TS
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2.3 IBAMA HQ (i.e. INDICAR/SISCOM)D &AL F AN=XLEHRR T 5. 8)h% JAXAL
2.4 DPF HQ (i.e. InteliGEO)DIEHRLF LR T LERFKT 5, <BZAf> IBAMADEI D1
2.5 IBAMA & DPF HQOREIDIEHRIEE IO —% I T 5, (1) EMR EIZEINTER
2.6 IBAMA HQ L AEHFTDEREE AN X LERFKT S, CYE—b L oF 7l I NEB B L URE #HahaZe,
2.7DPF HQ LM AEHFMDBRHRER AT LEHFKT b, - EHRBE AT

- TR S35 BBIERS AT LB B: DPF &
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1.4.1 #¥A

TIZUNMTIELLTD (1) — (3) OANMTDLIL. BAMTIE (4) — (6) O
AT,

(D) ABTEAN (FTF700)
BITEDPE 705 74 IBAMA 705 8 47 r Y= 7 MEIMFIZIEL STV 5,

QDA T4 AAR—R (FTFTN)
Tyl hOBBELRLNIRML G2 6N TW5,

Q) FHERH (FF7U0)
BEATH RV 1.298.000 N7 ey 7 FOEEERE L U CEF &,

(4) ABSBEA (BA)

A% OHEMENRESN, VE—FELI U7 G UE— By 72 - I0T &
R GIS1, L ORGIS2 « Web 2 /T 2 v 7Y LT,

T UNEEEN D 1 6 4 DOFHEE E HA~JRIE LT,

GY B IRA (BA)

73, 2HITMOWMBBEASNTZ, ZOHIZIZ8 1 53— D ALOS/PALSAR Eifg, 2
Ty hOV—N"—Har o —¥% A7 A8 LOEIEERIT RN T —2 A b L — VRS,
V7 R =T B LON2012 FEHIHID 50 2— 1 0> ALOS FEANEIMNEEA STz,

6) FHEEEM (BAX)
2012 £ 6 HHETHK 30, 1 B MDA RSN, ZALITHMEHER N, v—
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1.4.2 7 L2 b
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@7V Sy k3

HEWHEN ) 2T L EHHMET & A b AMERK S HVEEEHHE 3 [A] & _ERRBHME 1 8123 Ikt <
. SHICEFATATIZELD2BEBERDO~T U 7V BAER SV TR ORI & ot
REI 23 L L7z, (REHNZ 2 BEZM)

1.4.3 Fudx= FBEOER

TROBURIZE Y BIRT =2 DL 20 b Db 50, Pl o BAEEITER L Tnd
EHET S D,

(1) 3 HLANOFHR MR
ALOS 73 2011 4 4 HIZfE 1 LT\ 5 O THUR CE &M rlFE /27 — Z 1LV V)N | 2012 4R
3 H E COFEEGFHEIC LAUE 2 97 B CRELNARE L 725 K HOEENEIL SN TV D

(2) 2 BUHNDERRY I AEBDOKFTI~DIGE

ALOSJEBNH D If&H oA 7 VDR Y 22T —Z OIRFEFEREIL IBAVA DFEFkIC L D SR b
G 5. 718 HTdH o7, F7-BLKTIZSISCOM ®” Geo DB” EFRHIN 5T —F _—Z |
AR T %7 v 7 u— N2 5T RERIEHIZRD B #5 Zpr mEmaE L 7> T D,

(3) £ 60 LA EDEFEEIZ ALOS EiEXFIAEhBZ &

v =7 MHEAGATIZIX ALOS/PALSAR 7 —# O EE~OFHITHEE CH > 7275 2010
12 AND 2011 4 11 H £ TOFEFE T 90 O EE|Z ALOS/PALSAR [Eifg 23l & 5 W\
I TN 5,
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(1) 7ay =/ MaETE F=DILBA L P=/"\—h3ML
K4 HARE/ 1R SR HE S InEARE ik
Director of Technical Scientific
J Jalk W 12. 4~1
0se Jalk Yvermann Directorate (DITEC)/DPF P 2012. 4~RE
SOV IVA=EAS 5 Care
K4 HERS 1R B8 SR HE S nEARE ik
Director of Technical Scientific
Paulo Roberto Fagundes Directorate (DITEC)/DPF P 2009.672012.3
(2a) 70y =7 NMEHAE (DPF)
K4 HERS 1R B SR RE S EAfE iwE
1 Julio Coelho Ferreira de Souza Head o.f Enwr_onment_al F 2012.471R7E
Forensic Section/National
Head of Environmental 2009.672012.3
2 MauroMendonca Magliano  |Forensic Section/National F (2009.12L 0oy |RITAD TV NEEE
Institute of Criminology/DITEC NEIEE)
3 |Guilherme Miranda Forensic Scientist p 2009.672009.12 REIZO IO NEEE
(2b)7BV YAt EEE (IBAMA)
K4 HERE 1R B8 SR HE 2 nEARE w5
. General Coordinator of Environment TOCIHNEBERT
1 George Porto Ferreira Monitoring/DIPRO P 2010.6~3R#E e
. Head of Remote Sensing TR HrETIEEY
6~1 s
2 Edson Eyji Sano Center CSR/DIPRO P 2010.6~IR7E T
Rodrigo Antonio de Souza |Deputy Head of CSR/DIPRO 2009. 6~ JOUIHRNETERESE
4 Humberto Mesquita Jr. former Head of Remote F 2009.6~2010.6 7O o NEEE

Sensing Center CSR/DIPRO
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(3a) DPF#fifT{E 253
23 SRR/ S & AR b ens
Forensic Scientist Remote -
1 ~ g H
1 [Rafael de Aréa Ledn Alves Sensing Sector /APMA /INC F 2009.6~H%E o S R UlnteliGeo
/DITEC /DPF —
Forensic Scientist Remote
2 |Daniel Russo Sensing Sector /APMA /INC F 2009.6~2012.3 fthERFI~FEED
/DITEC /DPF
Forensic Scientist Remote
. g s
3 |Daniel Aratjo Miranda Sensing Sector /APMA /INC F 2010.3~IR7E I%cehGeoFaﬁ%LélTﬁFE]
/DITEC /DPF
Forensic Scientist Remote - _ RPN
4 Luciano Lamper Sensing Sector /APMA /INC F 35?0692.2:&73?%&(2010.10 %;IFE NS
/DITEC /DPF
Forensic Scientist Remote
5 |Diogo Kurihara Sensing Sector /APMA /INC F 2010.6~3R7E (2010.11 ALOSE{R F EfETHE

/DITEC /DPF

MSAER)

3¥ : APMA=Environmental Forensic Sector, INC=National Institute of Criminology, DITEC=Technical Scientific Directorate, DPF=Federal Police

Department
(3b)IBAMAFKflT1E 24
R4 HeRE /B & s & MHAR IRTEgLE TR

1 Werner Ferreira Gongalves Eg‘g;ﬁg};;tgl/%n:ait P 2009.6~IR1E i'1'1'2'1'3'3'2'3'3'3'
2 |Daniel Moraes de Freitas Egg;’;g;ggtgl/%n:,iﬁ\t P 2009.6~1R7E 1.1,1.2,1.3
3 |Felipe Luis Matos Eg"sig’;g;ggtg'/%”:,'\;’f P 2009.6~H7E 1.1,1.2,1.3
4 |Mariano Pascual IT Anlyst /CSR/DIPRO/IBAMA P 2009.6~IR7E 2.3.3,2.4.3,2.4.4
5 |Rafael Xavier Cabral Eg\gg’;g;ggtgl/gn::\zzt F 2009.6~2011.6 thBERPI~FEED
6 |Marlon Crisley Silva Eg‘g;’;g};gtg'/%”:,'\;’;t P 2009.6~2010.12 {44 BE ~ TS Bh

;¥ : CSR=Remote Sensing Center, DIPRO=Directoria de Protecio Ambiental, IBAMA=Instituto Brasileiro do Meio Ambiente e dos Recursod

Naturais Renovaveis
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AHHHE (B AR AIRA)

K4 HRe - B EM N HAR FHERA ik
Forensic Scientist Remote
~ & 1
Daniel Russo Sensing Sector /APMA /INC 1%}25%?0 élfig%f{/ﬁ?ﬂ?é}
/DITEC /DPF
Forensic Expert Criminal 12/1/2010~
Gustavo Caminoto Geiser Scienticic Sector in Para State 12/2/2010 [ E
/DPF
Forensic Expert Criminal
. . . . . . . . 12/1/2010~ | — 2010. 11 /APMA /INC
Diogo Luis Kurihara Scienticic Sector in Rondonia 12/2/2010 RlLE /DITEC /DPFIZH5 &)
State /DPF
Forensic Expert Criminal 12/1/2010~
David Bronze Molles Scienticic Sector in Amazonas 12/9/2010 =
State /DPF
. . Environmental Analyst 12/1/2010~ | =
Werner Luis Ferreira Gongalves /CSR/DIPRO/IBAMA 12/2/2010 E
. . Environmental Analyst 12/1/2010~ | —
Daniel Moraes de Freitas /CSR/DIPRO/IBAMA 12/2/2010 |F1E
Felipe Luis Lacerda de Carvalho |Environmental Analyst 12/1/2010~ B
Cidade Matos /CSR/DIPRO/IBAMA 12/2/2010 [*©
. Environmental Analyst 12/1/2010~ | —
Rafael Cabral Xavier /CSR/DIPRO/IBAMA 12/2/2010 |FE
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K4 BB - 1R BN EF HAR HERR &%
. Environmental Analyst 10/1/2011~ |YE—FELO VT RY
9 |Edson Eyji Sano /CSR/DIPRO/IBAMA 11/2/2011 |~z JaIs
. . Environmental Analyst 10/1/2011~ | =
10 |Werner Luis Ferreira Gongalves /CSR/DIPRO/IBAMA 11/2/2011 Ei
. General Coordinator /Regional Office | 10/1/2011~ | —
11 |Emerson Luiz Servello inAlta Floresta /IBAMA 11/2/2011 |AL
Environmental Analyst
. /Division Management and 10/1/2011~ | —
12 |Marcelo Cabral de Aguiar Environmental Protection 11/2/2011 El=
/IBAMA
Forensic Scientist Remote 10/1/2011 ~
13 [Daniel Russo Sensing Sector /APMA /INC 11/2/2011 =
/DITEC /DPF
Forensic Scientist Remote 10/1/2011 ~
14 |Daniel Araujo Miranda Sensing Sector /APMA /INC 11/2/2011 =
/DITEC /DPF
. Federal Criminal Expert /APMA | 10/1/2011~ |
15 |Marcelo Garcia Barros JINC /DITEC /DPF 11/2/2011 @ L
. . Federal Criminal Expert /APMA | 10/1/2011~ | —
16 |Wilson Hideo Yamamoto JINC /DITEC /DPF 11/2/2011 [l L
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9/8/2011-6/9/2011
18/11/2011/18/12/201

EESH K4 Sk BAANE | POMMGHELIER
1 17/6/2009-19/7/2009
2 19/8/2009-16/12/2009
3 AT ] 2/5/2010-25/7/2010 1-,1-2,1-3,
4 P * INEF S |16/9/2010-19/12/2010| 16.667 2-1,2-2,2-3,
5 9/7/2011-24/7/2011 3-1,3-2,3-3,3-4
6 15/9/2011-18/12/2011
7 22/4/2012-22/6/2012
8 17/6/2009-18/7/2009
9 |UE—htErIT2, FH {5 8/11/2009-16/12/2009 4 g7|t-1-21-3,
10 ICTYR—T AR ~ ]11/4/2010-12/5/2010 w2-1,2-2,2-3
11 7/11/2010-19/12/2010
12 17/6/2009-30/8/2009
13 20/9/2009-19/12/2009

- 2-1,2-2,2-3,

14 GIS-1 ma % |7/6/2010-5/8/2010 10.003.1'3.5'3.3'34
15 9/7/2011-26/8/2011 A
16 24/11/2011-18/12/201
17 6/8/2009-3/10/2009
18 18/11/2009-19/12/2004
19 |GIS-2, Web B4’ S— 15/4/2010-30/5/2010 5 sol?-1:2-2.2-3,
20 % = 3/7/2010-31/7/2010 ~¥13-1,3-2,3-3,3-4
21
22
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# A Wl B = | &l=e
IBMx3650
server Xeon Mauro
2,66GHz TROO5NA, ° |ppr/|. |20/1/
2009 | 1fcompute |’y 2| $29,991.80 $59,983.60| ¥2,999,180.00| 502 " |DPF  [Magrian || oo '|L 50 o [A[A] of 2| 24
. /1333MHz °
/SMB L3
Mauro 20/1
2009 | 2|Storage |PS4000 1| $119,464.05| $119.464.05| ¥5,973,202.50|78K0D6G [DPF  [Magrian [PY Y/ |L|1/20 |ala] of 1 24
EXP810 o INC | 109
TBA | 2071
2009 | 3|Storage DS4000 1| $119.464.05| $119.464.05| ¥5,973.202.50|7sK0oD6eH  |[BAMA|F°™®  |MA L {120 |ala] o] 1| 24
EXPS810 Porto
/CcSR| 09
Mauro 20/1
2009 | 4|Switch |SAN24B 2| $15.938.00] $31.876.18| ¥1,593.809.00|1°8409K: ppp  Magrian [PPY|L 120 [alal o 2| 24
108393A N INC |”|0a
Mauro
NetBAY ° |pPF/|. |24/3/
2009 | 5|Rack 45U S2 1| $9,711.03| $9,711.03] ¥485,551.50/23X6631 |DPF l(:/Iagrlan e [Elsom0 A4l of 1f 24
- Mauro
. Scisco FD0134806 . DPF/ 18/1/
2009 | 6|Switeh | 1| $27,839.39| $27,839.89| ¥1,391,969.50| DPF  |Magrian o [Llooro A4 O 1| 24
rower l(i/_[auro
Supply |Option NA/unable . DPF/ 23/5/
2009 | 777 Watt 2 $764.85|  $1,529.70 ¥76,485.00 - 7 [DPF 1(:/Iagr1an e Elsomn (A4l of 2f 24
o
4GBPS gg’;’g%m’ Mauro || [20/1
2000 | 8|Fiber |, b 4| $2,960.15| $11,840.60 ¥592,030.00(39R6525 [DPF |Magrian [[ ~'[L[1/20 |AfA| of 4] 24
Channel DDM o 09
SEER EAEHE: L=Local (S ILEMA), I=InterNational (TS5 )LES})

R A=FEFB=FF4 (1-3ERIZ1[E), C=1R D AR, D=FnIFEMH (F1-3[E)
EE CASERAVT RSN ERAETEE B=E A LG L C=EE I N ILE A §E D={E AT EE
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Dual IBM Mauro
Port Netframe . DPF/ 23/5/
2009 9 Ethernet |1T 1000 2 $1,025.40 $2,050.80 ¥102,540.00|42C1780 DPF Magrian INC L 2010 AlA]l O 2] 2.4
Adapter |Express °
IBM
SATAZ2 i?gvfgls Mauro DPF/ 20/1
2009 | 10|Controll SAS / 2 $4,921.01 $9,842.02 ¥492,101.00|44E8700 DPF Magrian INC L|1/20 |AJA] O 2| 24
er SATAS o 09
Controller
C-8-065-0701,
C-8-065- M
Fiber 1m Optic 1209,C-8-065- auro  Anpw/|. |23/5/
. . . 852,C-8-065- .
2009 | 11 Cable LC/LC 8 $80.62 $644.96 ¥32,248.00 12?8 C-g-oeg- DPF Magrian INC L 2010 AlA] O 8| 2.4
, o
1237,084251,0
81063,081764
78K11X8
. |DS 4000 ’ Mauro
Expansi . 78K11XB, . DPF/ 23/5/
2009 | 12 on Unit g);;i)tansmn 4 $5,903.56 $23,614.24| ¥1,180,712.00 78K11XD, DPF g/lagrlan INC L 2010 AlA]l O 4| 2.4
78K11XF
2100 00 1B 32
93 2B 7B,
IBM 1812 2100 00 1B 32 Mauro
TranscB 93 1E 8F, . DPF/ 23/5/
2009 | 13 R Pair 2410 SW4 4 $981.67 $3,926.68 ¥196,334.00 2100 00 1B 32 DPF Magrian INC L 2010 AlA] O 4| 2.4
GBPS 93 32 E8, 2100 o
00 1B 32 93 38
87
TS 2700 Mauro
., |Linux SK92979439, . DPF/ 23/5/
2009 | 14|Host Kit Intel Host 2 $1,667.50 $3,335.00 ¥166,750.00 SK92979432 DPF g/[agrlan INC L 2010 AlA] O 2| 24
Kit
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B17HG0916711032
i317HG0916710753
i317HG0916710017
i317HG0916711083
i317HG0916710037 Mauro
Fiber 1m Optic , _ . DPF/ 23/5/
2009 15Cable LO/LC 16 $76.96 $1,231.36 ¥61,568.00 §17HG0916/10044 DPF |Magrian INC L 92010 AlA|l O 16| 24
B17HG0916709972 o
i317HG0916710946
i317HG0916711057
i317HG0916711053
i317HG0916711013
DS4700 Maure
2009 | 16| Yolume |Flash 2|  $6,982.34| $13,964.68] ¥698,234.00[78K0ZL7 |DPF |Magrian DPE/N, NOVATE fAl ol 2| 24
Copy Volume o INC 2010
Copy
ArcGIS
Server 9.3 IBM
2009 | 17[5etver  (Enterpris |t eo0 057 40| $92,957.40| ¥4.647.870.00|FCTB 2T [ipanialGeorse | ases|L |27 [ala] o 1| 23
Software [e 016 Porto R 2009
Standard
(8 core)
Windows
Server Mauro DPF/ 94/3/
2009 | 18|08 2008 1| $5292.66| $5.202.66| ¥264,633.00|463754455 [DPF  [Magrian |, [L (5010 [A[A] O 1| 24
Enterpris 0
e (64bit)
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PCIGeomati Mauro DPF/ 21/1
ca 10.2 Core 10 Magrian L |0o/20 O]l 10| 1.3
module o INC 09
PCIGeomati
ca 10-2 10 ﬁaur'o DP¥/,, 3/12/(1) o| 10| 1.3
Radar agrian |10~ .
module o 09
PCIGeomati Mauro DPF/ 21/1
ca 10.2 Alos 10 Magrian L |0/20 O] 10| 1.3
module o INC 09
Image
Processin |PCIGeomati
2009 | 19 ca 10.2 USD 45,243| ¥4,071,825.00|80-2C057 |DPF Mauro 21/1 |AlA
g 8 : . DPF/
Software |Satellite 1 Magrian INC L |0o/20 (0] 1] 1.3
Models o 09
module
PCIGeomati Mauro 21/1
ca 10.2 High - DPF/
Resolution 10 Magrian INC L Jo/20 o]l 10| 1.3
module o 09
PCIGeomati M 21/1
ca 10.2 auro
Automatic 2 Magrian DPT/ L |0/20 (0] 2| 1.3
DEM ° INC 09
Extraction
PCIGeomati IBA 21/1
ca 10.2 Core | 40 George Inyia L |or2o o| 40| 1.3
module Porto l)csr| oo
;moacie . |PCIGeomati o IBA 21/1
2009 | 20 n; 59 o2 40 USD 45,243| ¥4,071,825.00[80-2C057 [IBAMA|Z®"8¢ [MA L o/zo [A[A] o] 40f 1.3
Software [module /CSR 09
PCIGeomati IBA 21/1
ca 10.2 Alos | 40 George [n\ra 1 forz2o o| 4o| 1.3
module Porto /CSR 09
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PCIGeomati IBA 21/1
ca 10.2 Geo 1 George I\ra |1 |os20 o] 1] 1.8
aster for Porto
Oracle /CSR 09
PCIGeomati IBA 21/1
ca 10.2
Satellite 4 George  Inia |1 |o/20 ol 4| 1.3
Models Porte  l)csr| |09
module
e | Blme FicgEng)| (ElcaEhs)|s0-20057  |1BAMA Ala
PCIGeomati IBA 21/1
eal0:21leh | 40 George  Inia |1 |o/20 o| 40| 1.3
esolution Porto
module /CSR 09
PCIGeomati IBA 21/1
ca 10.2
Automatic 1 choeftroge MA |L [0/20 [0} 1| 1.3
DEM /CSR| |09
Extraction
Image PCI IBA
Processi |Maintena George 26/3/
2009 | 21 1| USD 21,515| USD 21,515| ¥1,936,350.00 NA IBAMA MA |L NA (6] 1] 1.3
ng nce and Porto JCSR 2010
Software [Support
Image
. Mauro
2009 | 22|Frocessi |PCI 1| USD 2,000 USD 2,000 ¥180,000.00 NA NA |Magrian PP/, |26/ BN of 4] 55
ng Training o INC 2010 |D
Software
Mauro
MacbookP W892619N . DPF/ 31/7/
2009 | 23|PC ro 15inch 1 ¥337,648 ¥337,648 ¥337,648 64C DPF OMagrlan INC I 2009 Cl|A|l O 1| 2.4
MacbookP W892619M G IBA 31/7/
2009 | 24|PC acboo 1 ¥337,648|  ¥337,648 ¥337,648 IBAMA|.7°°"8¢  IMA |1 clal o] 1] 23
ro 15inch 64C Porto 2009
/CSR
MacbookP 3492EYL66 George IBA 12/6/
2009 | 25|PC . 1 ¥178,733 ¥178,733 ¥178,733 IBAMA g MA |I Cl|A|l O 1| 3.5
ro 13inch D Porto JCSR 2009
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Lacie Mauro
2009 | 26|HDD 7.5TB 1 ¥170,820 ¥170,820 ¥170,820 128890114 DPF Magrian DPE/ I 15/6/ AlA|l O 1| 2.4
5009U INC 2009
HDD o
Wireless |AirMac 6F91512Y3 Mauro |pppl |16/
2009 | 27 LAN MB763J/A 1 ¥18,800 ¥18,800 ¥18,800 1T DPF OMagrlan INC I 2009 AlA|l O 1| 2.4
Wireless |AirMac 6F91518N3 George IBA 18/6/
2009 | 28 LAN MB763J/A 1 ¥18,800 ¥18,800 ¥18,800 1T IBAMA Porto }\égR I 2009 AlA|l O 1| 2.3
ArcGIS
Server 9.3
Server |Enterpris ECP327111 Mauro |hppy | |18/9/
2009 | 29 Software |e 1 ¥3,853,500| ¥3,853,500|] ¥3,853,500.00 016 DPF 2/Iagr1an INC I 2009 AlA|l O 1| 2.4
Standard
(4 cores)
YGZK 0014
935R 0087,
YGZK 0014
935R 0091,
YGZK 0014
935R 0092,
YGZK 0014
935R 0097,
Creative YGZK 0014 Mauro
. 935R 0098, . DPF/ 6/11/
2009 | 30|GPS Zii Egge 10| ¥49,875.00| ¥498,750.00 ¥498,750.00 YGZK 0014 DPF Magrian I C|A|l O] 10| 3.3
R INC 2009
(Android) 935R 0129, o
YGZK 0014
935R 0130,
YGZK 0014
935R 0133,
YGZK 0014
935R 0146,
YGZK 0014
935R 0148
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YGZK 0014
935R 0081 4F,
YGZK 0014
935R 00848D,
YGZK 0014
935R 00882K,
YGZK 0014
935R
0091DM,
Creative YGZK 0014 G IBA 6/11/
2009 | 31|GPS Zii Egge 10| ¥49,875.00| ¥498,750.00 ¥498,750.00|935R 00932x, [IBAMA Pfftroge MA |1 [Jooolc|al o] 1of 3.3
(Android) YGZK 0014 /CSR
935R 00939P,
YGZK 0014
935R 00962S,
YGZK 0014
935R 01394T,
YGZK 0014
935R 01418R,
YGZK 0014
935R 01475N
Toshiba
Mauro 29/1
SD Card Model0934 A DPF/
2009 | 32 . . . .
Memory | apy 10 ¥5,580.00| ¥55,300.00 ¥55,800.00[ 1 0o |PPF Magrian [0 7T 8:920 clal o] 10| 3.3
SD-F16G ©
Toshiba
IBA 29/1
2009 | 33|Memory |52 Card 10 ¥5,580.00| ¥55,800.00 ¥55,800.00(M04e10934 [ g \\pa|George  fya |1 [o20 |c|a] of 10| 3.3
(16GB) TV6003V Porto JCSR 09
SD-F16G
Imaging Radar
(Manual of ISBN-10: Mauro DPE/ 26/1
Some 1 047129406 Magrian |0~ |1 [1/20 [AAL O 1| 3.1
Volume 2) 3rd
2009 | 34 3'33;120 Edition (Vol 2) ¥181,820 ¥181,820 ¥181,820|(3 DPF ° 09
Understanding ISBN-10: Mauro DPE/ 26/1
e adar 1 189112131 Magrian | oo [T |1/20 [AlAf o 1| 3.1
Images 6 o 09
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Synthetic
Aperture Radar - .
Imaging ISBN-10: Maurp DPF/ 26/1
(Engineering 1 084938239 Magrian I ]|1/20 |[AJA|] O 1| 3.1
Sciences: INC
Electrical 4 o 09
Engineering)
Digital
Processing Of
Synthetic
Aperture Radar ISBN-10: Mauro DPF/ 26/1
Aoonithms and | 1 158053058 Magrian [0~ '|T (120 [AAl o] 1] 3.1
Implementation 3 fo) 09
(Artech House
Remote Sensing
Library)
Processing of ISBN-10: Mauro DPF/ 26/1
S heti .
roertore ragar | 1 184821024 Magrian [0 ~'|T [1/20 [AAL o] 1] 3.1
(SAR) Images 8 [0] 09

= - - -
" ] . Syntheti (EIZEFEN | (EIZEFEN|( LIZTEEND =
() | | () [Symneve Z 25 (AL)

oyomeme and ISBN-10: Mauro | 0| |26/1
Processing 1 047185770 Magrian I]1/20 |[AJA] O 1| 3.1
(Wiley Series in INC
Remote Sensing X o 09
and Image
Processing)
Polarimetric.
Radar maging: ISBN-10: Mauro DPF/ 26/1
Applications 1 142005497 Magrian I11/20 |AJA 0 1| 3.1
(Optical Science INC
and X o 09
Engineering)
Manual of Remote
Soneing. Romote ISBN-10: Maur.o DPF/ 26/1
Earth Sciences 1 047129405 Magrian I ]1/20 |AJA] O 1| 3.1
(Manual of Remote INC
Sensing — Third 5 o 09
Edition) (Volume 3)
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Manual of Remote
Sensing, Remote
R o Naturat ISBN-10: Mauro || |26/1
Managoment and 1 047131793 Magrian I |1/20 (A]lAa|l o] 1f 3.1
Monitoring (Manual 4 o INC 09
of Remote Sensing
— Third Edition)
(Volume 4)
L < Remote Sensing N _ N ISBN-10: _ Mauro DPF/ 26/1
e | L= and Image 1| LI=EFEND| LIm&FIND| LISEFND| 047005245 |FE |Magrian e [T [rzo |alal of 1 a1
(Hardcover) 7 [e) 09
Introductory
Digital Image
Processing (3rd
Edition) ISBN-10: Mauro DPF/ 26/1
(Prentice Hall 1 013145361 Magrian A7 |1/20 |AAf 0| 1f 3.1
Geographic 0 Ie) 09
Information
Science)
(Hardcover)
Imaging Radar ISBN-10: George IBA 26/1
Manual of Remote 4 047129406 ¢ [mas |1 |20 |AlA] of 1 31
3rd Edition (Vol 2) 3 Porto CSR 09
rserstanding ISBN-10: Gooreo | TBA 26/1
Syrtnetic Aperture | 1 189112131 Portog Ma/ |1 |1720 |Aalal o 1 3.1
3 6 CSR | Joo
Referenc 2132??12;?2;“”'5 ISBN-10: G IBA 26/1
2009 | 35| o O Jenenerne [ 1| ¥181,820|  ¥181,820 ¥181,820/084938239 |IBAMA| ZOME€ vy |1 |1/20 [Afaf of 1f 81
Soiences Electica 4 S |osr | oo
Digital Procfessing
Roeraore Radar ISBN-10: Gooree  |TBA | [2611
Ao ion| 1 158053058 8¢ Imas |1 |1720 |A|Aal o] 1] 3.1
(Artecthouse Porto
Remote Sensing 3 CSR 09
Library)
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Processing of ISBN-10: George IBA 26/1
Synthetic Aperture 1 184821024 eorg MA/ |T |1/20 |A|A] O 1| 3.1
(SAR Porto
mages 8 csr| Jo9
Synthetic Aperture
Radar: Systems and ISBN-10: Georeo | BA 26/1
(ley Series i 1 047185770 b tg Ma/ |1 |1720 |Aalal o 1] 3.1
ad lmoge X orto CSR 09
Processing)
imoding. From | ISBN-10: Gooree |IBA | [2611
Anghestions 1 142005497 Pjrtog MA/ |1 |1/20 |aa] o 1] 3.1
( ical Science
o e X CSR | [09
Manual of Remote
Sensing, Remote ISBN-10: Gooree | TBA 26/1
Earth Sciences 1 047129405 8¢ |mas |1 |1/20 |AlAa]l o 1] 3.1
( (Manual of Remote 5 Porto CSR 09
€3 Sensing — Third :A :A
) | Bl gz [Fvon vome o (LlegsEn| (RISEFN] (pioagnz) Rt
= %) 5)
) Manual of Remote
Sensing, Remote
Reno sor Maturat ISBN-10: Goore  |IBA 26/1
Management, and 1 047131793 Pjrtog MA/ |1 |1/20 |Aa] o] 1] 3.1
e B L Csk | oo
— Third Edition)
(Volume 4)
Remote Sensing ISBN-10: George IBA 26/1
nearproation 1 047005245 corse Invas [t [1/20 [Alal of 1] 3.1
P! Porto
(Hardcover) 7 CSR 09
Introductory Digital
gz 10
(Prentice Hall ISBN-10: George IBA 26/1
Seres in 1 013145361 Pomel® IMA/ [T |1/20 |A]A] 0] 1 8.1
Information 0 CSR 09
Science.
(Hardco\)/er)
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i’mage i |PCI G IBA 28/5/ |EN
2010 | 36|’ "o°esS! L 1| uUsD 6,000 USD 6,000 ¥540,000.00|NA NA corse  Ima/ |L of 1] 8.3
ng Training Porto 2010 |D
CSR
Software
AGM1417131
Connect 7,
or AGM141818N Mauro | hp 27/1
2010 | 37 . . 4 $715.00 $2,860.00 ¥143,000.00|k. DPF Magrian L ]0/20 A A (6] 4] 2.4
Trasceiv |Cisco GLC A’GM142014P o INC 10
er GBIC |CSXMM 4
GE SFP AGM1417131
LC M
Powe Mauro DPF/ 27/1
2010 | 38|Distribut 2 $912.00 $1,824.00 ¥91,200.00|NA DPF Magrian L. ]0/20 A A (6] 20 2.4
ion Unit Black Box o INC 10
T RMPSB
105624,
ISCON 105626
. ’ Mauro 27/1
Fiber 11015 105826, . DPF/
2010 | 39 Cable JPR Optic 6 $189.00 $1,134.00 ¥56,700.00 105627, DPF Magrian INC L (1)2)20 AlA (6] 6] 2.4
DPX FC 105628, ©
15m 105629
ArcGIS
Server
10.0 Mauro
Server . ECP967133 . DPF/ 16/9/
2010 | 40 Software ]e'__‘]nterprls 1| $251,713.89]| $251,713.89 ¥12,585,695 967 DPF 1(\)/Iagrlan INC L 2010 AlA (6] 1l 2.4
Standard
(8 cores)
Flash ?ﬁsbhe 1424-4489- George |IBA 14/9/
2010 | 41 S ; 2 $2,351.02 $4,702.04 ¥235,102|2348-9051- [IBAMA rge Imas (L Alal ol 2| 2.8
Software |Builder 4 Porto 2010
. 7308-8269 CSR
Premium
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Adobe
Flash Flush 1424-4411- Mauro DPF/ 18/1
2010 | 42| 2° Builder 4 3 $2,375.00 $7,125.00 ¥356,250[2898-3996- |DPF Magrian L [0/20 |A[A]l O 3| 2.4
Software . INC
Premium 6741-3812 o 10
with DVD
Mauro
2010 | 43 GIS ESRI Arc 1 $27,719.23|] $27,719.23 ¥1,385,962 EFL120015 DPF Magrian DPE L 12/8/ AlAl O 1| 1.3
Software . 227 INC 2010
Editor o
GIS EFL G IBA
2010 | 44 ESRI 1| $27,699.23| $27,699.23 ¥1,384,962 IBAMA|°°"8¢ (mas |L [27/97|A|al of 1] 1.3
Software 772511832 Porto
ArclInfo CSR 2010
Mauro
2010 | 45 GIS ESRI 1 $27,719.23] $27,719.23 ¥1,385,962 EFL DPF Magrian DPEY L [16/9/|A|A|] O 1| 1.3
Software 772511832 INC
Arclnfo 0o 2010
Redhut
Linux
. Enterpris Mauro
Linux C3C3468E . DPF/ 28/8/
2010 | 46 Software | €. . 2 $3,835.00 $7,670.00 ¥383,500 C24B6545 DPF Magrian INC L 2010 AlA]l o 2| 24
Virtualiza o
tion
(RHEL)
36 months
Redhut
Linux
. Enterpris Mauro 27/1
Linux C3C3468E . DPF/
2010 | 47 Software e_ ) 2 $5,700.00] $11,400.00 ¥570,000 C24B6545 DPF Magrian INC L |0/20 [A|A] O 21 2.4
Virtualiza o 10
tion
(RHEL)
12 months
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Windows
o eorge 24 | [y
2010 | 48|0S . 4|  $5,760.00| $23,040.00 ¥1,152,000| 47355411[1BAMA[7°°"5¢  |MmA/ |L Alal o] 4| 2.3
Enterpris Porto 2010
CSR
e volume
license
PALSAR, Mauro
2010 | 49|2OS  |avNIR2,P|166 $229.03| $38,018.98 ¥1,900,949 NA DPF  |Magrian [PEX|L |V |ala| o] 166] 1.3
data INC 2010
RISM o
PALSAR, IBA
2010 | 50[2108 | AvNIR2.P|196 $229.03| $44,889.88 ¥2,244,494 NA BaMa|eor8e  nvias (LY |alal ol196] 1.3
data Porto 2010
RISM CSR
Graphi CDGSX4E G IBA o1 a/
2010 | 51| 72PC [ oorelDra 1 ¥44,730 ¥44,730 ¥44,730 IBAMA|7°°"8¢ Ma/ |1 Alal o] 1f 1.8
Software NPCJP Porto 2010
w X4 CSR
BUFFAL
O SSD 416594003
128GB 01315 Mauro DPF/
2010 | 52[SSD USB 2 ¥29,610 ¥59,220 ¥59,220.00 ’ DPF  |Magrian I AlAa| o] 2| 2.7
416594003 INC
SHD- 00387 ©
PE128G- 21/4/
BK 2010
BUFFAL
O SSD
2010 | 53|SSD USB 2 ¥29,610 ¥59,220 ¥59,220.00 ’ IBAMA 8¢ Imas |1 AlAa| o] 2| 2.6
416594003 Porto
SHD- 00370 CSR
PE128G- 21/4/
BK 2010
6JUG5406 Mauro
Motrola AB, . DPF/
2010 | 54|GPS Droid 2 ¥94,200|  ¥188,580|  ¥188,580.00|: 1 qs406 [PPF  [Magrian (e | Tlow [A|A] O 2| 27
(Android) AB ° 2010
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Motrola IBA
2010 | 55|GPS Droid 1 ¥94,290 ¥94,290 ¥94,290.00 ‘111286NA2J8 IBAMA gsftroge MA/ | T|oar |Aala] o 1] 26
(Android) CSR 2010
ALOS PALSAR, Mauro DPF/
2010 | 56 AVNIR2,P|115 $209.32| $24,071.80| ¥1,203,590.000 NA |DPF |Magrian L|3oss/|a|A] of115] 1.3
data INC
RISM o 2011
ALOS PALSAR, Maur.o DPF/
2010 | 57 AVNIR2,P| 4 $209.32 $837.28|  ¥41,864.000 NA |DPF |Magrian Lisosr|alal ol 4| 1.3
data INC
RISM o 2011
ALOs |PALSAR, G IBA
2010 | 58| * AVNIR2,P|119 $209.32| $24,909.08| ¥1,245,454.00 NA  |IBAMA Peotrge Ma/ |L|3oss/ [A|A]l o]119] 1.3
ata RISM ot fosr | 2011
ALOS PALSAR, Mauro DPF/
2011 | 59 AVNIR2,P|140 $209.32| $29,304.80| ¥1,465,240.000 NA |DPF |Magrian Llas2ss|ala] o|140| 1.3
data INC
RISM o 2011
vonnect
4GB PJE41PK,
or G IBA
2011 | 60|Transcei |Short 4 $505.57|  $2,022.28| ¥101,983.58|FPIIIOPP. I1paAngA|TOOT8E Inias |1, Alal o] 4] 2.4
ver Range PH67NV, Porto CSR 4/4/
oo |A7446B PJJ167C 2011
ALOS PALSAR, Mauro DPF/
2011 | 61 AVNIR2,P| 25 $209.19]  $5,229.75| ¥263,736.29] NA  |DPF |Magrian L|2oss/|Aa[A] of 25| 1.3
data INC
RISM o 2011
ALOS |PALSAR, G TBA
2011 | 62| ¢ AVNIR2,P| 15| USD125| USD 1,875 ¥168,750.00 NA  |IBAMA Peotrge Ma/ | 1|50/ |alAal o 15| 1.3
ata RISM ot fosr | 2011
ALOS PALSAR, Mauro DPF/
2011 | 63 AVNIR2,P| 35| USD125| USD 4,375 ¥393,750.000 NA |DPF |Magrian 1|5/107(alA] o 35| 1.3
data  |pigm o INC | 19011
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%% 2.3-5 DPF BB AER

FTETHIEH BFY2009 BFY2010 BFY2011 BFY2012 =1
1 4Servers 0 35.900 35900 0 71,800
2 [2storage + 5 expansion 0 31,351 80,000 0 111,351
3 136TB HD 0 35,000 28,000 0 63,000
4 12 switch fiber channel 0 20,000 20,000 0 40,000
5 11 switch SISCO 0 0 20,000 0 20,000
6 |1 switch KVM 0 0 25,000 0 25,000
7 |2 Redhat server licenses 0 1,835 0 0 1,835
8 112 cores of ArcGIS 10 server 0 300,000 0 0 300,000
9 |Electrical adaptation of server room 1,000 0 0 0 1,000
10 [Server Pack with KMV 0 0 20,000 0 20,000
11_[Personnel of APMA 150,000 200,000 200,000 0 550,000
12 Per_‘son_nel I o_ff|C|aI ission (For§n§|c 0 80,000 0 0 80,000
Scientist Elcio computer specialist)
13 |InteliGeo Development 0 0 500,000 0 500,000
International Congress Participation
14 (FOSS4G) 0 20,000 20,000 0 40,000
Hih B s X i 151,000 724,086 948,900 0 1,823,986
KRIILVBE T HEE(1US$=R$1,80) 83,888.89|402,270.00|527,166.67 0.00{ 1,013,325.56
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#2.3—6 IBAMA DERE X
FEHIHEA BFY2009-2010 BFY2 011 |BFY201 2 At
CSR BB AT e (CEME 1 0 MRS SE)) 94, 500 31, 500 126, 000
A=A 35, 712 11, 904 47,616
F— 2D D~ 37 H— i) 268, 600 0 268, 600
T — H RO 72 3D O M T H R ZSE B K OVA Y 16, 320 0 16, 320
SAR ZLPED b L—= 1 J 36, 000 18,015 54,015
B i1 15 37 AR (RS) 451, 132 61,419 0 512, 551
K ROVHAE S HAE (1US$=R$ 1, 80) 250, 628. 89 34, 121. 67 0. 00 284, 750. 56
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# 2.3-7 BAARE X H

8 (1R$=¥50)

BEAA T 22 2
R BFY2 0 0 9 BFY2 0 1 0 BFY2011 |BFY201 2 aRt
] Bt 22 ¥6, 384, 689 ¥446, 040 ¥474, 000 ¥0 ¥7, 304, 729
T M £ S AR 37, 189, 394 26, 872, 538 1,818, 841 0 ¥65, 880, 773
PO 5 S AR 43,574,083.00 | 27,318,578.00 | 2,292,841.00 0.00 | 73,185, 502.00
Z DA DR E
FESHIHA BFY2009 BFY2010 BFY2011 |BFY201 2 aaEt
HASTHE R R 5
Wiz a v LVE R$ 148, 180.00 | R$ 189,370.00 | R$ 156, 520. 00 R$ 0.00 | R$ 494, 070. 00
H
WHE R$ 17,500.00 R$ 0. 00 R$ 0. 00 R$ 0.00| R$ 17,500.00
T I — B R$ 4,340.00 | R$ 12,800.00 R$ 0. 00 R$ 0.00 | R$ 17,140.00
Z DA, R$ 52, 240. 00 R$ 5, 390. 00 R$ 0.00 R$ 0.00 | R$ 57,630.00
B M S AR R$ 222, 260.00 | R$ 207,560.00 | R$ 156, 520. 00 R$ 0.00 | R$ 586, 340. 00
A A F#A ST
¥11, 113, 000 ¥10, 378, 000 ¥7, 826, 000 ¥0 ¥29, 317, 000
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2.4 EMFIKEFER
44 OHEFAZE (TEEAERRH D72 O PALSAR B OFI BN OEE, 77— % X—2 v
AT LAOMEIFE, V=7 GIS VAT MEFHRE, WHEDEME & FHEFFED 20 IZJRIE &

AUIE 39 N A OBIIEE M TN, K2, 4-1IZBHIER O AR NTEEIE R 2777,

#2.4-1 HMFRIREFRLEBEE

EENET S IEFF |BE T #(MM]PDM Tt S E 218 B

#1 |17/6/2009-19/7/2009
#2 |19/8/2009-16/12/2009

Stz #3 |2/5/2010-25/7/2010 1-,1-2,1-3,
{/71 ﬁ;ﬁ/ NG |#4 |16/9/2010-19/12/201d 16.67|2-1,2-2,2-3,
* #5 |9/7/2011-24/7/2011 3-1,3-2,3-3,3-4

#6 |15/9/2011-18/12/2011
#7 |23/4/2012-20/6/2012

#1 |17/6/2009-18/7/2009

YE—hY
= #2 [8/11/2009-16/12/2009 1-,1-2,1-3,
;’J_Z/fjf B s |11/472010-12/5/2010 | 487 )2-1,2-2,2-3

#4 |7/11/2010-19/12/2010

#1 |17/6/2009-30/8/2009
#2 ]20/9/2009-19/12/2009

GIS-1 e # |#3 |[7/6/2010-5/8/2010 10.00 §Ii’§ﬁ§’§ﬁ§'3-4
#4 [9/7/2011-26/8/2011 A
#5 [24/11/2011-18/12/201
#1 [6/8/2009-3/10/2009
#2 |18/11/2009-19/12/20(
frgrza'm\’\r’:i: s g |3 [15/4/2010-30/5/2010 | o 12-1,2-2,2-3,
#4 |3/7/2010-31/7/2010 ¥3-1,3-2,3-3,3-4

9 #5 |9/8/2011-6/9/2011
#6 |18/11/2011/18/12/20]

69



2.5 WHEEMER

2.5.1 PHEDOHBE

BYIFHE TIZT 7 O VENTOFHEN 5 BT E S iz, 2 Bl ERRHE 2 — X ZBR\ T
(M AIEHEGE Y E STz, 8 1 B0 EREHME T F RS &V S S —E IBAMA @ Prof.
Sano IZH LT B ovz, #20REH 3R OEBHHEILT 7 VUMl (TBAMA) EIRTITbi
HZIE OB OBINEE D72, KT IBAMA FERTAS RV b HIVEETIT - TR HE I ZHHE 4
ICEEDRA ML AZE L SHRN -T2 & THHEADTHIA @ > T2, 72B5 2 B Bk
FHEIZ DWW TIEHRAL R B K OB L ALOS FEREIFIEIC & & 70 HIGENO FLE LM Thh =
BAZITT 2011 HFIZTESNTOWERARERL IR VAT 4 7 A CIEHEEN D
RABEE 720 F ¥ oL &Ntz (B4R JCCITTHERBER) o 7o, BI& DPF O & E/E
FRE T OFHERFHE SI, BT AT 47 &V =7 X—ZADOHHENFHE S~ T U 740
Bk X iz,

FlofBkDO 7 vy = 7 kel (ALOS LAEO RIS N LIREZ FRE T E 5 A DOF )
ZHBYE UTAMHE S 2 BIFEM SNIE 1 84 DWHEANZINL TW5,

# 2.5.1-1 BHEa— 2 DB MEEK

x| BEa—2 | ®ieE | oprsmy | PAVEST | TOLOR) s
1 | E1EE#I—X | 2009 9 11 0 20
2 | H1ELEHI—X | 2010 7 8 3 18
2 | E2EEHEI—X | 2010 5 6 6 17
3 | EIEEHEI—R | 2011 7 7 1 15
3 | #2EEHEI—X [ 2011 ALOSOEREF LEDFEICKY Fvo L
3 |DPFMAITEMI—XR] 2012 e-learning VAT LICEEHZ

Hi 28 32 10 70

BN & IRE LT CP LIS OREBIT STPAM (7~ UAR#E S 2T L) BL Y, IBAMA  SFB (7
TN —ER) ThD,
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2.5.2 WHERNZE

55 1 8] H OIS 1E ALOS {44512 PALSAR [ 0O fif F AR BRE % k4212 ALOS {4 3575
MaEBRE LI ) £— My v 77— SAR Biff D7 — 2 BUfS 5 B SAR [ DR
Bt C B D & HEMG AR LIz A X VR S TW5, E7-2b Tl
BIFEHR Y AT LAEEOHE LB Z b,

ARAE 1T EEE = — A T ALOS Hijf N> R 2 7 & AU TERHMEA S PALSAR DT — 4 % F|
ALUTE VMMM T2 DX 9 PALSAR f X —7 22 A N U & PALSAR R—F U A K
U EEST AL EBRNET HDIHETH D, £ WebGIS IZLTH T a /T I v JH]
BEZR L-ULIZ BT X AHHEN T,

AIRIHE L EFLOFHE TR Lo 2 %EIB 2 DD X9 RIFEE A BT H 2 &
ZHME LTRESNT, 3 2.5.2-1 LV 2.5, 2-2 | 3Z NN ILEEIHE K O EFRAHE D
NE-ETHD, £2.5.2-3 LOE 2.5 2-4 [IKIHHEDH U ¥ 2T LERT,

BRMAFLVICHHET A M bW Y 7 b = T~ =2 7V Ofi/ MR Z IR 5,
RBWEHME Y 7 02T Y — A F Y O 2T YA
K http://www. alosd4amazon. com/downloads/software” 6B X U a1 — RKA[FETH 5,

# 2.5.2-1 EBHEOHNE

N w

1 | ALOS |[ZB89 % ik, SAR i HufS B AR . SAR B O E

PALSAR if§ DFox, HARIGHA (BREE, mfEs%) . AU T AERE KML 1), 7
2 | = NAT =R ETOBIE OtFEmaoiFiemg & o)

P BLMMIE (SAR 747 > a— =V ZHHIE) &AL VB, DEM T —& O
3 W

4 WA E ZREIG 72 DN AL Y B, A a— T HfIE & BEZA R 1

5 | HEZ (b 2

SAR I HIRE D IERE, L — A HUELAR AT

T 4=V REHENRT I ~D MR

6

7

8 | GIS DA & i

9 |GISYATLHT =474 —~ v MNEHL

ALOS Dot o H— & FDSEH (Prism, AVNIR2), NPy —F LA 25 L
10 | A2 X % DEM flitH
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WHET % 2 N P
HBMHET &2 b EREOWHEIERHT 57 % A b
V—L V7 kN 5 e
PALSARL 1. 5 ®FE/R, WA, ZREIGK, 41V
PalsarViewer )
WL GeoCode Z2Ha, KML H /7. DEM 5 — & DL
PALSAR L1. 1 HEi{§ 2> HAEFMHE 72 & ONZ L1, 5 F3 24
PalsarProcessor

i Xduapa]

ALOS_Viewer

ALOS @ PRISM, AVNIR 72 & N/ v v — 7 VB D
FoREHAIA L VA, GeoTif Hi /7. DEM 5 — & DALER

PanSharpen

PRISM & AVNIR 725 /80 3 % — 7 i DO VERE

PrismDem

PRISM A7 L 47> DEM /ERk
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# 2.5.2-2 ERBHEa—RDORNE

S

=

—_

L — Z i EL O BLE Lk

PALSAR {8 D&M E A IE (A 12— 74 1E)

PALSAR

B ORBERE (SRR SRR

PALSAR

]
PALSAR 412 & 2 {4 H
gz X 0 ZRpRs

SAR DA Z—7xa A N JFEE L L

T 4=V REBL AN KT 7 ~D

GIS ik

O |0 | N | S| 0| &= | w |

I =T — R X HEFE GIS D LSS

—_
o

Web GIS X 9 #-F& APT OFI H

WHET % A

=
o}

FRVE— BT TR
N

LREOHHEIEM T 57 % X b

GIS 7F A b

LREOYHEIZHEHT 57 % A K

Y—)LY 7 |k

& AE

1 PalsarViewer

PALSARL 1. 5 OFor, WGk, ZREHA R, 4
ZEHa. GeoCode Z5Ha, KML /). DEM & — & OALE

2 PalsarProcessor

PALSAR L1. 1 HEifg 2> HAEFMmIE 72 & ONZ L1, 5 F3 24
Ba

3 | PalsarFringe

ALOS @ PALSAR L1.0/L1.1 Z{iHTHA L FZ—7
T ANV BT 2 — AT Ty TR A

L=
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#2.5.2-3 BIEAETHED ) 2T LR bNNZIa—RAAR

18E (/1240 | 288 (/13 | 3BEA (/144 | 488 a/15®) | sBE /188 | eBE (/1940 | 788 (/205

8HE (1/21K) ]| 9BE (1/22%)

ByTBHIR ERBHEV AV I LE A — TILRSYARYEE
487 2.5H ALOST—4H SART—4AL1.5h |SART—4AL1.0H iﬁ'ﬁ'r’g_jl':' SAEth-i’ﬁuxwo)
All: 2. RSB (=0T SARM EIE 50 50 R
(10:00- ey ey DIFEE 11 b
12:30) * * SARA>5—TzH SRS
)q\u ﬁ**ﬁ'
E%é%-i%t%l:%é' E%AR?—@@%%IE%B SARA>4—27x0 AT SARRSY AN D Ll
i%:2.5H ALOS[ZDLNT 5T —4 S A AR VY-S AR AR fRHT
(13:30-16:00) fZ#T151 (SAR) Uy IREIE DT
i i L s s . £ = 3
EEISET RESTEC RESTEC
1088 (/25 [11BE (/260 [1288 (/271388 (/28] 1488 (/209 1588 /1A | 1688 /2% [ 1788 @/3k | 18BE @/4%)
i — o - SAR/RTZA—BDHMEL R T LB OKE . T —2NEBL X7 L
=z R JHIFES — [
L PE=F: Z LIRS AR HIEERE F—5F - IR ET
REEETEI=D JAXA FRIKRER
481 2.5H LT EORC
b0 b S48 - A3 £0C ot ¢
SAR¥IEE SAR¥IHE SAR¥IH s R AT s PR AT N RRODWE | R
RFLZDNT -
RIEE—MBLL
i%:25H
EJi2o ki RESTEC o o< RESTEC
1988 (2/5%) | 2088 /88 | 2188 /o) [2288 /10K | 2388 @/128)
ByTBEiR RIPEJBPHEE LD
Hil: 2.5H EH.Q/A . -
A = F— B — RRET 4 CHIF) TP
—RRAT—HERBEVERL JLE TF—3
L &TFARAYLA
>
i%:25H
- =
£kl RESTEC |

74



£2.5.2-4F2RAHHEL ) 2T LBLVPa—X AR

18118 0 18128 K) 1A13B(CN) | 1A14B&E | 18178 (A) 1R18ACK) [ 1A198 (OK) 1208 (CK) | 1A218(®)
®AL0§ ;;L;tmnﬂx @SARKRS AR FEHTALIE R U SARHIFEN TES (DALOS PALSARDIEEZIRAZL
ST Ff=. SARFIFHFEET =T IJLELIBITIER BT EMNTED BEATED
- Introduction
ALOS PALSARIZDULN\T
B - - . = £ #th 5 BTy TaL ST VA
oso | =z D = |SARKSUANIOER  [sAruiz: SARHIE LT LR =i
12_3'0) m . TvER = FEE R SR 484 RESTECHIH#E /N 4834 RESTECHIH# /NEF e A—ToariT L
. EOC JAXA EORC HKIE-ERE Do B
& e =5 _ RESTECHI# FaHIEE
ALOS THEFA 7KDL SSE | #h E {5 MIBS XT L |ALOS PALSARR US Web GIS
T [=2LT REABEALOS-2(=D Protocols
% - N o _ = EE
‘1’—1#.2.5H twoo~ta0 124 RESTECHHE 11 |\ bopem ) il o siede | SARSIES h EERRERTOEARE, | #B2:RESTEC RE nwt HE—(E (WMS/WFS/WPS..)
(13:30— Jass sty F—ar |@ iR R A 4824 . RESTECHIHE /INEF fifir T SR S R R 2T A% vy Fars LPa
16:00) T ‘ a 8% RESTECEASE M B [MBIL— B ALOS PALSARFZHT S X REFLATWTRET |
=3 TLIZDOWT WEY:A—Trari Tl
BT 3 E: 3 oo chit =
EHEiS T TIC RE 181 XS RESTEC
18248 (A) | 1H258 ) | 1H26B8GK) [ 18278 (k) [ 1828A(®) | 1831A(A) [ 218C) [ 282806k | 2838 ]
QRIFRMETREIT DT R T LEEIEL. WebGISO MR MTET —ER—XDIYIRICDONTERET
Web GIS Web GIS Web GIS Web GIS Web GIS Web GIS
Google Maps API Openlayers GeoExt X\/fbe?éss rver \ga: € Android PostGIS Web GIS GeoServer
by JavaScript by JavaScript by JavaScript b ?J s e‘ve :EI; e (My Tracks) DB/SQL WKTraster PostGIS
giosn | BEiwyTAI LTS | EsivyTar I va | A%ivyTaz LT Sa ‘;E;V;F;"'E S oA B wyTasor LUa | EM vyTaroT LUa | #8%:%yTIar sz uva [GeoWebCache
Eal ™ HiE HiE L EEra et P HiE B BTy Tas LT LTa
e A —Trar iz e A —Trar iz e A —Trar sz ESRISwS Bl L o ey A —Trar i e A—Traviz L #B): T.B.D 2
Sa wft 5235 K 5235 K e R T e ma [EBEH 05 K =T A it £ N
RESTECHIH#f Fa#t RESTECHIH#f Fa#t RESTECHIH#f Fa#t RESTECHIiff Fa#t RESTECHIiff Fat Ta AR
Web GIS Web GIS Web GIS Web GIS Web GIS
\geb ?ISM API OpenlLayers GeoExt lvbe?;SS rver Ruby Android PostGIS Web GIS ‘gfg @S
bojge s a:s by JavaScript by JavaScript b ?J s e‘ve (GeoRuby) (WMC, gvSIGmini) DB/SQL WKTraster Ty IO LS
i 25H ‘;E;"avfj? Censa | EEmTEIvzsa | msiesTaansa PRV | msicsTmisaava | EsieTaiiaasa | msiesTaiaava | msicoTavea s | SETYIREEATS
B E% Y iz )va =iE =iE E;E (RvTaAvz)va =18 =18 =18 =iE e e en s s
W A—TFoarT L B A—ToarT L . e WE: A—TFraviT L WBh:A—TFoariT L WEY:A—Trari Tl #E): TB.D. - X i
##Bh: T.B.D = - B ESRISY/SY ZIL | - - Ta KK
i L 2= 2% RESTECHI mH |2E o g5 Bl 23 ey B3 T RESTECIMt 78F!
RESTECHIf #a#t [*=5 RESTECH mst |28 ’ é RESTECHI#ft 74t [S RESTECHi @4t |* & ResTECH ma |=E BEE
KIS RESTEC
2848 (&) | 2878(A) [ 2A8HCG [ 289BGK) | 2A10H(K)
@WebGISH—/ \DAHERE EA 2 B—T A ADT B A EEN TR RirEMW
PN
HR
BiT:25H |FEDH.Q/A = LF_sava . _
i ok womsvensa [TRAETS il GISIZDNT., £HCRFLAERLA—X MM T RBEFHEEBL.
e e B FRL—2a3F L Iz—XIZBHEMBEEORRFEEZERTS
R T L B A—ToarsTLUa st
Sa Ak EESA O 15:30~16:30 FRlS
Fi%25H RESTECIHE /ME |7 —ARARSTA—HERMEER 16:30~17:00 PRt
17:30~ IR—F4
KIS eSS RESTEC =& RESTEC FR=
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2.5.3 WHEREROFE

BWHE T D HEAEDRIS Z MR T 2 72 DHEFIZT > r— h o — R &2EAR (A —L
NR—R) WHEZEIL L CHER Uiz, HERHERIZE 2.5. 3 17T X 5 1272 0 BHEA O )E &
DR S e, HER L RFRFHEADRICEZ e T U > 7 LIHE~ T U 710 — /L Dk
BT U=, 72858 1[0l H OREEIHE CIIHEAEDRFE N ORKSINRH HEbha I a=
r—a AIEFT LG b H o, HEERI LW ST U= TR RO RFER
JVRTNEERERY 7 Mok alia=r—2a 3550000, IRAICAL—X7pa
2=y aldMTRDE Dot F2T7 T UNVENICET D RGEED R 2 [T LT
BY, Yav=7 MR E SFEIRTIIFEGEIORE Zpm EREE S,

# 2.5.3-1IIWHE T > r— N DEERHRE RA& o LTciE R 2~

# 2.5.3-1 WHERR O
WHEAIZ X D HHENZ G- (3 BePEEE < B4 2 5 &2 5 2 72 WHE A DEIE (%)

WHE D FH~D
" e B 0> FR iR 5 |2 B ”
WHE 22— A ESy/iKes B e IS 5 NA5)
ERAERA( .
AT
RN E PR
1 ESE 20009 93. 3 100.0 96. 7
a— A
%1 8] Ak
2010 96. 1 82. 3 89. 2
a— A
o5 2 [m] KLk
2011 86. 7 87.6 87.2
a— A
RIEI P
2011 100. 0 91.6 95. 8
a— A
S 94. 0 90. 4 92. 2
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2.6 BIHEBEIE

AiHE % 2.3-5~FK 2.3-7T IREXIHOEREZ R L ThH Y NEIXRREZZM, n—Iv
25y 7 ORMITBMFEEZ B <R LIRKEHMAR O 7 7 2 /VIHHE I BIHEEE & DFiH
R, BERIOIESEOEEE Ei Lz, £loa—hra P rOREMIE IBAMA ¢ SISCOM
DBHE, U = T W —"—OEEOIEHEZ LN, DPF IZBI L TiX InteliGEO % 3% FBHFE R
AT o T2, I DICZNDOEEED 7= DIEFES FEHE L7z, SISCOM & InteliGEO X
2T RBREOLEV 7 LTS,

T DIEEDORER, SISCOM IZMERTO IR DT — X P —_"Zi8{b LT Z L DBl 57,
MR & DERERIR S RILE TR DT AT DTEH Uiz, X 2. 6-1 1% STSCOM D RISk X
Z LT,

DPF @ InteliGEO [ZFHUCHHFE L7 Web GIS P AT Lk a—W (L X —T =—RALTHT
— AP —NR—=Thb, YW 7r T =/ NOBEFOHMTEMESELZ LA HME LTHZ

L 7273 DPF NG O 823785 S AU DPF OBINE: T3 AT A& YLK ULiEEERIC R4
L E R OA 72 B F A< DPF B3 O JLREZMHET 5L 9 GISO LA v—2nL, &
EOT—=Z P — AT AEEZEE L CHB#EEREOR L2 >ob b, X5
2O OEE Web GIS BEOEER Y, 77 VLVENFRTRERER LY, JLEEED
ERS#ETHRELTPRICHLBEMIIZIEEIL CWD, 272 L MOBEHRNZ VT 4 BT
HHTOIRERE HED Web R—=TU~D— DT 7 & ZIF STV,

Flex Geo server " USB
B

catalog DB
post GRB SQL ,I
" USBIWGFi
Geo server i Flex APl(free)

X 2.6-1 SISCOM &%
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2.7 PDM DEE

PDM (X7 ¥ =7 MRS W) PDM FIRDHIE S vy = 7 MBSz, R FEE
RRZIZ 7' 1Y =7 ORBEHMIEMERFHR AR & DR &5 1T CRHR ATRE R EIC A E
HIEENTOI PIM3HIE Sz, & DITHKE TR ORE S CEIEZOR R 2 KB L TE
BRI AT RE 72 FEAE D FLIE L 23T 040 PDMb 3l E Sz, sHMlifEiE # R Cid 7 e = 7 b
DEHEAELET D X REEIIMZ 5TV, £ 2.7-1~3F 2. 7-3 |24 PDM & &
OFtdk & U TRT (POM Fc RO A A ARGER 22 1. 3-1 127" 7),
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Project Site: Brasillia
Duration: From April, 2009 to 2012 (three years)

R

#2.7-1 PDM 7

V=7 MRRREE(1/2)

Project Design Matrix

Project name: The Project for utilization of ALOS images to support the protection of the Brazilian Amazon Forest and combat against illegal deforestation

Target Beneficiaries: Staff of Federal Polic Department (DPF) and Brazilian Institute for the Environment and Renewable Nature Resources (IBAMA)

Target Area: Brazilian Amazon

Narrative Summary

Objectively Verifiable Indicators

Means of Verifications

Important Assumptions

Overall Goal:

Law enforcement is enhanced ground on technical
information based on satellite images on illegal
deforestation

1. Number of law enforcement actions using monitoring
documents produced in the months of cloud cover is
increased.

1. Reports by IBAMA and DPF

* There is no particular
change in government policies
on protection of Brazilian
forest.

Project Purpose:

Technical information based on ALOS/PALSAR
images on illegal deforestation in the Brazilian
Amazon is provided for law enforcement.

1. The time of detection of the new deforestation is
reduced.

2. Number of documents (A4 and forensic reports)
produced by DPF and IBAMA  using
ALOS/PALSAR images is increased.

1. A4 reports

2. A4 and forensic reports.

* Budgets and staff for law
enforcement do nod decrease
drastically.

Outputs:
1. Deforestation areas including suspicious areas are
detected using ALOS/PALSAR data.

2. The information flow of satellite monitoring system
throughout DPF and IBAMA is improved.

3. Human resources in DPF and IBAMA are upskilled
to detect and characterize illegal deforestation

1.1 Numbers of ALOS/PALSAR images in SISCOM s
increased (per month count).

1.2 Methodology for deforestation detection is spread
throughout technical manual.

1.3 Number of product (maps, tools, articles, reports,
etc.) developed to detect deforestation using
ALOS/PALSAR imagesisincreased.

2.1 Utilization of ALOS/PALSAR images is increased
in DPF and IBAMA

2.2 Number of feedback from DPF and
regiona officesisincreased.

IBAMA

3.1 Number of staff in DPF and IBAMA using
ALOS/PALSAR images isincreased.

3.2 12 staff members participate in the training course in|
Japan.

3.3 100 staff members participate in the training courseq
in Brazil.

3.4 Three seminars are held.

1.1 SISCOM Log
1.2 Technical manuals
containing methodologies

for deforestation detection.
1.3 Project report

2.1 Project report

2.2 Project report

3.1 Project report
3.2 Project report

3.3 Project report

* There is no significant
organizational change in DPF
and/or IBAMA affecting
implementation of the Project.
* Budgets for satellite
monitoring of DPF and/or
IBAMA do not decrease
drastically.
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#2.7-1 PDMFuyx FEALERE(2/2 )

Activities:

1.1

1.2

1.3

21

22

2.3
24
3.1

3.2
3.3
3.4

Input:

Japanese side

Brazilian side

Convert ALOS/PALSAR data format to
fit into SISCOM

Develop methodologies to extract
deforestation information from
ALOS/PALSAR images.

Identify potential deforestation areas
using ALOS/PALSAR images and other
available geographic information.
Document existing monitoring mechanism
throughout DPF and IBAMA.

Identify possible upgrading opportunities
in the DPF/IBAMA deforestation
monitoring mechanizsm.

Determine the upgraded mechanism.
Execute the plan determined in 2.3.
Assess training needs to monitor and
characterize illegal deforestation in
DPF/IBAMA.

Determine the training plan

Execute the training plan.
Monitor/evaluate/upgrade the training.

1.Experts

-Remote sensing/Administrative
coordination

-Information and communicaton
technology (ICT) management
-Web programming

-GIS

-Other experts necessary for the
implementation of the Project
2. Training of Brazilian
personnel in Japan

3. Machinery and Equipment
-ALOS images

-Software

-Servers

-Storages

-Other materials necessary for
the implementation of the
Project

4. Administration and
operational costs

1. Counterparts &
Administrative personnel
-Project Director

-Project Manager(s)

-Other counterparts and
administrative personnel

2. Office Space and Facilities
-Office space in IBAMA
-Other facilities necessary for the
implementation of the Project
3. Administration and
operational costs

Main counterparts
are not transferred
to other
departments and /or]
agencies.

Pre—Conditions

ALOS/PALSAR
images are provided
by Japan Aerospace

Exploration
Agency(JAXA)

DPF and IBAM
conclude an
agreement on the
joint implementation
of the project.

*ALOS:Advanced Land Observing Satellite

*kPALSAR:Phased Array type L—band Synthetic Aperture Radar.
**k*kA4:Official document of IBAMA for law enforcement and control of illegal deforestation
**xxxS[SCOM: Environmental data sharing system of IBAMA
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#2.7-2 PDM3  HHEEEAHAEF (1/3)

PDM3 approved on Nov.19, 2010 |

1. Project Name : The Project for utilization of ALOS images to support the protection of the Brazilian Amazon Forest and combat against illegal deforestation

2. Project site: Brasilia

3. Duration: From June 2009 to June 2012 (three years)
4. Target Beneficiaries: Forensic Experts of Federal Police Department (DPF) and Environmental Analysts of Brazilian Institute for the Environment and Renew able Nature Resources (IBAMA)
5. Target Area: Brazilian Amazon (i.e. 9 Legal Amazon States: Acre, Amapa, Amazonas, Maranhao, Mato Grosso, Para, Rondonia, Roraima, Tocantins)

Narrative Summary

Objectively Verifiable Indicators

Means of Verification

mportant Assumption

Owerall Goal

Law enforcement is enhanced
ground on technical information
based on satellite images on
illegal deforestation

a:Number of law enforcement actions using monitoring documents produced in the month of
cloud cover is increased

(Note: The Indicator for the Overall Goal would be discussed and clarified by the Project in
the first semester of 2011)

a Reports by IBAMA and DPF

A: There is no
particular change in
government policies
on protection of
Brazilian forest

Project Purpose
Technical information based on

ALOS(*1)/PALSAR(*2) images on
illegal deforestation in the
Brazilian Amazon is provided for
law enforcement

a: By the Project end, deforestation areas are detected within 3 working days after receiving
the ScanSAR (*3)images of ALOS/PALSAR by IBAMA.

b: By the Project end, the location and size of the detected deforestation areas (i.e.
Deforestation Polygons) are provided to the relevant IBAMA regional offices within 2 working
days after their detection

c: By the Project end, ALOS/PALSAR images (mainly high-resolution ones), are
utilized/referred to in 60 Forensic Reports(*4) produced by DPF per year

a&b:Comparison of the record
of concerned dates kept by
IBAMA

c: Review of Forensic Reports

A: Budgets and
staffs for law
enforcement do not
decrease drastically

Output 1:

Deforestation areas including
suspicious areas are detected

using ALOS/PALSAR data

la: Useless multi-temporal combination of ScanSAR images of ALOS/PALSAR becomes
zero by the end of 2009.

1b: Methodologies to extract deforestation information from ScanSAR images of
ALOS/PALSAR deweloped by the Project, including Interpretation guide, forest classification
tool, and change detection tool by the end of 2009; and updated by March 2011

1c: Initial version of the technical manuals for IBAMA and DPF for utilization of
ALOS/PALSAR images in detection of deforestation areas and preparation of Forensic
Reports respectively are developed/approved by March 2011 (in English and Portuguese)
1d: The initial version of the technical manual for IBAMA is uploaded to SISCOM (*5) for the
use of Environmental Analysts and the one for DPF is uploaded to InteliGEO(*6) for the use
of Forensic Experts by April 2011.

le: The initial version of the technical manuals for IBAMA and DPF are updated by March
2012

1f: The updated manuals are uploaded to SISCOM and InteliGEO respectively by April 2012

la: Review of error report
produced by IBAMA

1b: Review of the developed
tools &progress reports
1c&e: Review of technical
manuals & date of approval of
each manual by the Project
Manager of DPF and IBAMA
respectively

1d&f: Review of the uploaded
dates recorded in SISCOM and
InteliGEO

A: There is no
significant
organizational change
in DPF and /or IBAMA
affecting
implementation of the
Project

B: Budgets for
satellite monitoring of
DPF and/or IBAMA do
not decrease
drastically
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#2.7-2 PDM3  HHREEEAHAEF (2/3)

Output 2:

The information flow of
satellite monitoring system
throughout DPF and IBAMA
is improved

2a: Information sharing mechanism of DPF developed by the Project (i.e. InteliGEQ) is made
available to all the Forensic Experts in Brazil by December 2009

2b: By the Project end, 100% of Forensic Reports produced by DPF Forensic Experts,
utilizing/referring to ALOS/PALSAR images (mainly high-resolution ones), are made
available in InteliGEO for other Experts within one week after the completion

2c: By the Project end, access to INDICAR(*7)/SISCOM of IBAMA becomes at least one
from each of the 9 Legal Amazon States per cycle of ALOS operation (i.e. 46 days)

2d: Semi-annual access to InteliGEO of DPF is increased by 5 % in relation to the previous
semester.

2e: By the Project end, 90 % of the results of uisits of the deforestation areas detected by
INDICAR/SISCOM & ALOS/PALSAR (i.e. Deforestation Polygons) are fed back to IBAMA
HQ per cycle of ALOS operation

2a:Record of the release date
2b:Check thatall Forensic
Reports in Criminalistica
uploaded in InteliGEO, and the
ones that are not more than a
week old

2c: Record of access to
INDICAR

2d: Record of access to
InteliGEO

2e::Record of feedbacks
registered in the Target
Registration System to be
developed at IBAMA

A: There is no
significant
organizational change
in DPF and /or
IBAMA affecting
implementation of
the Project

B: Budgets for
satellite monitoring
of DPF and/or IBAMA
do not decrease
drastically

Output 3:

Human resources in DPF
and IBAMA are upskilled to
detect and characterize
illegal deforestation

3a: Basic and advanced courses for IBAMA and DPF for the general use of ALOS/PALSAR
images, including curriculum and textbooks, are developed by September 2009

3b: Basic course specifically for the use of DPF Forensic Experts to produce Forensic
Reports are dewveloped by December 2011.

3c: By the Project end, 70 staff members (30 Forensic Experts of DPF and 40
Environmental Analysts of IBAMA) receive official training certificates for the use of
ALOS/PALSAR images from IBAMA or DPF

3d: On average, 80% of the trainees give the highest or medium rate on three-level rating
about “degree of understanding” and “degree of applicability” of the concerned trainings
3e: The training courses are updated based on the feedbacks from the trainees, including
the results of monitoring and evaluation of the trainings, and other Project Activities

3a: Project report &curriculum
and textbooks developed

3b: ditto

3c: List of trainees

3d: Results of the
guestionnaires to the trainees
3e:Analytical report of training
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#2.7-2 PDM3  HHEEEAHAF (3/3)

AcTivities

1.1 Conwert ALOS/PALSAR data format to fit into INDICAR/SISCOM

1.2 Develop methodologies to extract deforestation information from ALOS/PALSAR images.

1.3 Identify potential deforestation areas using ALOS/PALSAR images and other available
geographic information

1.4 Develop technical manuals for DPF and IBAMA for utilization of ALOS images based on
the results of the Activities 1.1-1.3

2.1 Document existing monitoring mechanism

2.2 Identify possible upgrading opportunities in the DPF/IBAMA deforestation monitoring
mechanism

2.3 Improve the existing satellite information sharing mechanism of IBAMA HQ (i.e.
INDICAR/SISCOM)

2.4 Dewelop an information sharing mechanism at DPF HQ (i.e. InteliGEO)

2.5 Establish an information flow between IBAMA and DPF HQs

2.6 Dewelop an intra-information flow mechanism between IBAMA HQ and its regional offices
2.7 Dewelop an intra-information flow mechanism between DPF HQ and its regional offices

3.1 Assess training needs to monitor and characterize illegal deforestation in DPF/IBAMA
3.2 Determine the training plan

3.3 Execute the training plan

3.4 Monitor/evaluate/upgrade the trainings

Nputs

<Brazilian Side>

(1) Project & Administrative personnel

[l Project Director

[ Project Manager(s)

1 Other project and administrative personnel
(2) Office Spaces and Facilities

(1 Office space in BAMA

[1  Other facilities necessary for the implementation of the
Project

(3) Administration and operational costs

<Japanese Side>

(1) Experts

1 Remote Sensing/Administrative Coordination
[ Information and Communication Technology
[1 Web-programming, GIS

[1 Other Experts necessary for the Project

(2) Training of Brazilian personnel in Japan

(3) Machinery and Equipment

[ ALOS images, software, seners, storages

[1 Other materials necessary for the implementation of the
Project

ATMamn project
personnel are not
transferred to other
departments and/or
agencies

Pre-Conditions

A: ALOS/PALSAR
images (i.e.
ScanSAR images)
are provided by
Japan Aerospace
Exploration Agency
(JAXA) based on the
Agreement on
Cooperation between
JAXA and IBAMA

B: DPF and IBAMA
conclude an
agreement on the
joint implementation
of the project

(*1) ALOS: Advanced Land Observing Satellite launched by JAXA

(*2) PALSAR: Phased Array Type L-Band Synthetic Aperture Radar (*3) ScanSAR: Scan Synthetic

Aperture Radar

(*4) Forensic Report: Technical document produced by DPF Forensic Experts that aims to establish w hether a crime has happened, how it happened, and w ho committed it. This document is used in criminal

prosecutions.
(*5) SISCOM: Environmental information sharing mechanism of IBAMA
(*6) InteliGEO: Information sharing mechanism of DPF being developed by the Project under Output 2
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1. Project Name : The Project for utilization of ALOS images to support the protection of the Brazilian Amazon Forest and combat against i

2. Project site: Brasilia

7% 2. 7-3 PDM5 #& T FFEEffifE (1/3)

3. Duration: From June 2009 to June 2012 (three years)
4, Target Beneficiaries: Forensic Experts of Federal Police Department (DPF) and Environmental Analysts of Brazilian Institute for the Environment and Renewable Nature Resources (IBAMA)
5. Target Area: Brazilian Amazon (i.e. 9 Legal Amazon States: Acre, Amapa, Amazonas, Maranhao, Mato Grosso, Para, Rondonia, Roraima, Tocantins)

PDM 5 approved on

2 Dec, 2011

legal deforestation

Narrative Summary

Objectively Verifiable Indicators

Means of Verification|

ortant Assumpti

Overall Goal

Law enforcement is
enhanced ground on
technical information based
on satellite images on illegal
deforestation

a: Deforestation of Brazilian Amazon is monitored with use of SAR images, including
ScanSAR (*3) images of ALOS-2 at every Cycle, using/applying the methodologies
developed through

the Project

b: The techniques acquired through the Project are adapted and used for monitoring of
deforestation in at least 2 sites in at least one biome different from Amazon.

c: SAR images and high-resolution images are utilized /referred to in 100
Environmental

Forensic Reports (*4)on illegal deforestation produced by DPF per year.

(Note: The Indicator may be modified by the Project end depending on the contents of the

a-c Reports by IBAMA ar

A: There is no
particular
change in
government
policies on
protection of
Brazilian forest

Project Purpose

Technical information based on
ALOS(*1)/PALSAR(*2) images
on illegal deforestation in the
Brazilian Amazon is provided
for law enforcement

a: By the Project end, deforestation areas are detected within 3 working days after
receiving the

ScanSAR images of ALOS/PALSAR by IBAMA.

b: By the Project end, the location and size of the detected deforestation areas
(i.e.

Deforestation Polygons) are provided to the relevant IBAMA regional offices within 2
working days after their detection

a&b:Comparison of
the record of
concerned dates
kept by IBAMA

c: Review of
Forensic Reports

A: Budgets and
staffs for law
enforcement
do not
decrease
drastically
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7 2. 7-3 PDM5 #& T FFEEffifE (2/3)

Narrative Summary

Objectively Verifiable Indicators

Means of Verification|

ortant Assumpti

Output 1:

Deforestation areas
including suspicious areas
are detected using
ALOS/PALSAR data

la: Useless multi-temporal combination of ScanSAR images of ALOS/PALSAR becomes zero by
the end of 2009.

1b: Methodologies to extract deforestation information from ScanSAR images of ALOS/PALSAR
developed by the Project, including Interpretation guide, forest classification tool, and change
detection tool by the end of 2009; and updated by March 2011

1c: Initial version of the technical manuals for IBAMA and DPF for utilization of ALOS/PALSAR
images in detection of deforestation areas and preparation of Forensic Reports respectively are
developed/approved by March 2011 (in English and Portuguese)

1d: The initial version of the technical manual for IBAMA is uploaded to SISCOM (*5) for the use of
Environmental Analysts and the one for DPF is uploaded to InteliGEO(*6) for the use of Forensic
Experts by April 2011.

le: The initial version of the technical manuals for IBAMA and DPF are updated by March 2012
1f: The updated manuals are uploaded to SISCOM and InteliGEO respectively by April 2012

la: Review of error
report produced by
IBAMA

1b: Review of the
developed tools
&progress reports
1c&e: Review of
technical manuals &
date of approval of
each manual by the
Project Manager of
DPF and IBAMA
respectively

1d&f: Review of the
uploaded dates
recorded in SISCOM
and InteliGEO

Output 2:

The information flow of
satellite monitoring

system throughout DPF
and IBAMA is improved

2a: Information sharing mechanism of DPF developed by the Project (i.e. InteliGEO) is made
available to all the Forensic Experts in Brazil by December 2009

2b: By the Project end, 100% of Forensic Reports produced by DPF Forensic Experts,
utilizing/referring to ALOS/PALSAR images (mainly high-resolution ones), are made available
in InteliGEO for other Experts within one week after the completion

2c: By the Project end, at least one access to INDICAR(*7)/SISCOM of IBAMA are made from
each of the 9 Legal Amazon States per cycle of ALOS operation (i.e. 46 days)

2d: Semi-annual access to InteliGEO of DPF is increased by 5 % in relation to the previous
semester.

2e: By the Project end, 90 % of the results of visits of the deforestation areas detected by
INDICAR/SISCOM & ALOS/PALSAR (i.e. Deforestation Polygons) are fed back to IBAMA HQ

2a:Record of the
release

date

2b:Check that all
Forensic Reports in
Criminalistica
uploaded in
InteliGEO, and the
ones that are not
more than a week old
2c: Record of access
to

INDICAR

2d: Record of access
10

Output 3:

Human resources in DPF
and IBAMA are upskilled
to detect and
characterize illegal
deforestation

3a: Basic and advanced courses for IBAMA and DPF for the general use of ALOS/PALSAR
images, including curriculum and textbooks, are developed by September 2009

3b: Basic course specifically for the use of DPF Forensic Experts to produce Forensic Reports are
developed by April 2012.

3c: By the Project end, 70 staff members (30 Forensic Experts of DPF and 40 Environmental
Analysts of IBAMA) receive official training certificates for the use of ALOS/PALSAR images from
IBAMA or DPF

3d: On average, 80% of the trainees give the highest or medium rate on three-level rating about
“degree of understanding” and “degree of applicability” of the concerned trainings

3e: The training courses are updated based on the feedbacks from the trainees, including the
results of monitoring and evaluation of the trainings, and other Project Activities

3a: Project report
&curriculum and
textbooks
developed

3b: ditto

3c: List of trainees
3d: Results of the
questionnaires to
the trainees
3e:Analytical report
of training

A: There is no
significant
organizational
change in DPF
and /or IBAMA
affecting
implementation
of the Project

B: Budgets for
satellite
monitoring of
DPF and/or
IBAMA do not
decrease
drastically
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7% 2. 7-3 PDM5 #& T FFEEffifE (3/3)

Activities

1.1 Convert ALOS/PALSAR data format to fit into INDICAR/SISCOM

1.2 Develop methodologies to extract deforestation information from ALOS/PALSAR
images.

1.3 Identify potential deforestation areas using ALOS/PALSAR images and other
available geographic information

1.4 Develop technical manuals for DPF and IBAMA for utilization of ALOS images
based on the results of the Activities 1.1-1.3

2.1 Document existing monitoring mechanism

2.2 Identify possible upgrading opportunities in the DPF/IBAMA deforestation
monitoring mechanism

2.3 Improve the existing satellite information sharing mechanism of IBAMA HQ (i.e.
INDICAR/SISCOM)

2.4 Develop an information sharing mechanism at DPF HQ (i.e. InteliGEO)

2.5 Establish an information flow between IBAMA and DPF HQs

2.6 Develop an intra-information flow mechanism between IBAMA HQ and its
regional offices

2.7 Develop an intra-information flow mechanism between DPF HQ and its regional
offices

Inputs

<Brazilian Side>

(1) Project & Administrative personnel

[l  Project Director

[l Project Manager(s)

[l Other project and administrative personnel
(2) Office Spaces and Facilities

[1 Office space in IBAMA

[1  Other facilities necessary for the implementation
of the Project

(3) Administration and operational costs

<Japanese Side>

(1) Experts

[1 Remote Sensing/Administrative Coordination

[1 Information and Communication Technology

[1 Web-programming, GIS

[1 Other Experts necessary for the Project

(2) Training of Brazilian personnel in Japan

(3) Machinery and Equipment

[1 ALOS images, software, servers, storages

[ Other materials necessary for the implementation

A:Main project
personnel are
not transferred
to other
departments
and/or
agencies

Pre-Conditions
A:
ALOS/PALSAR
images (i.e.
ScanSAR
images) are
provided by
Japan
Aerospace
Exploration
Agency (JAXA)
based on the
Agreement on
Cooperation

(*1) ALOS: Advanced Land Observing Satellite launched by JAXA
(*2) PALSAR: Phased Array Type L-Band Synthetic Aperture Radar

(*3) ScanSAR: Scan Synthetic Aperture Radar

(*4) Forensic Report: Technical document produced by DPF Forensic Experts that aims to establish whether a crime has happened, how it happened, and who committed it. This document

is used in criminal prosecutions.
(*5) SISCOM: Environmental information sharing mechanism of IBAMA

(*6) InteliGEO: Information sharing mechanism of DPF being developed by the Project under Output 2
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#* 2.8-1 JCC BRfERCER

JCCID Date Pupose Place

1st JCC 2009/7/10|Inception Report Brasilia (DPF)

2nd JCC 2009/12/3]|1st Year activity Brasilia (IBAMA)

3rd JCC 2010/11/19]interim investigation |Brasilia (DPF)

4th JCC 2011/7/19|3rd Year Plan Brasilia (IBAMA)

5th JCC 2011/12/15]|Final Evaluation Brasilia (DPF)
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3.2 FuPxl FETTHREZINLESBRDOT 0P =) FET~DRE
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IR TER oy 72 EA B OIFENIE L T S0 F AN 21572, DIPICEERZEF LIRS
EERLDD,

3.2.1 F—& J—R[ZHOWT (&)
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SINDHZEITHD, YHNLLEEIZIIFMLH D Z LT+ L T TREBRENS
D FIEELT ALOS-ALOS2 Dffff5El K ¥ 10 BAEOHKEE-R A WRETH 5 & PR L T\,
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HECTd D, £ 72 RADARSAT IR R CTH H 7O T — X AFICHEBEREEEZLTEL LAV R
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BVl NN ORERELETH-T-Z EBHETREHFNTH T,

3.2.2 FEEZBHAITROZ L &)

F—s = ZDNEMCBEL T r Y= b TREZINNDL T oY=y b ORHINHkE
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3.2.3 B TOBMAREIZOWVWT (FHIILERS)
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ALOS 2 #TH B IX 2013 FEE R ITIT B FIFAHE 31TV 5,AL0S OfEER D> 5 4L 2013
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#3.3.1—1 ALOS2¥TH EiFARFYa—ne7rud=r NOEFEHIER

Schedule for 2012 and later

Year 2012

Year 2013

Year 2014

Other major inputs

Expected Results G| | FEEmm Implementors Remarks
o for the vear 20130r L7181 0 [10]11[12] 1 [2[a[als el 7 sl o[tofu[r2] s [2[a[a[s[e[7[s]charae| Charge sapacse | eraziian
Activities later
Modify Developed methodologies to extract deforestation ] Werner, Daniel, "
1. |information from ALOS/PALSER images to fit with ALOS2 SAR iBava [fo0 Felipe, Silvia é,i(gsm "
images. (BAMA)
o igati Methodologies
11 EXSZ?EE agreement between Brasilian Organization(s) succesd and Bava ldito ditto ditto
an improved to ALOS2
Validation/Evaluation and improvement of the Methodologies
1.2|methodologies developed for ALOSPALSAR to fit with  |succeed to ALOS2 dito  |ditto ditto ditto
ALOS2 PASLAR and improved
121 ALOS2 ScanSar multi temporal composite generation Work as ALOS —
= 7|(format conversion to fit with ALOS2 ScanSar) scanSAR T |
ALOS2 ScanSar multi temporal composite generation Efficient B
1.2. 2 p P 9 deforestation — ] ditto ditto ditto ditto
(Apply Dual pol data of ALOS2 ScanSar) detection developed
: P N : Utilise all data
12.3 PALSAR_Vlewer modification to le with PALSAR?2 strip vailable from - ditto ditto ditto ditto
mode images(data format adaptation to PALSAR2) ALOS?2
. e L . Utilise all data
1.2. 4 PALSAR_ange modification to flt_ with PALSAR?2 strip available from :Ij ditto ditto ditto ditto
mode images(data format adaptation to PALSAR2) ALOS?2
: . . . Utilise all data
12.5 PALSARfVlewerfunctlo_nla addition for PALSAR2 spotlight vailable from o fditto ditto ditto
mode images(new function to be added to PALSAR2) ALOS?2
Rafael, Russo,
Modfy technical manuals for IBAMA and DPF for utilization of ppr/g |Rafae! (OPF)IMiranda (DPF) '
1.3 . P Sano(IBAMA JRodrigo, Werner,  |ditto
ALOS2 images based on the results of the Activities 1.2 AMA -y Daniel, Felipe,
Isilvia (IBAMA)
Modify the manual for IBAMA for the use of
Environmental Analysts to prepare Deforestation Update manuals Rodri Werner, Daniel,
131 4 — IBAMA 9o Felipe, Silvia  [ditto
Polygon developed — (IBAMA) (IBAMA)
Modify the manual for DPF Forensic Experts to od | Ratacl (opm [R2f2e1 Diogo
1.3.2|produce Forensic Reports. Add new chapter to handle depv:sp::n“as ] DPF afael (OPP)] opr) ditto
ALOS2 SAR spotlight mode data.
5 Werner, Daniel,
1.3.3|Upload the manual in SISCOM/INDICAR — 1 IBAMA (FT;ZHN?:) Felipe, Silvia |ditto
(IBAMA)
L Rafael, Diogo
1.3.4|Upload the manual in InteliGeo ppr  |Rafael OPR ppp) ditto
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#3.3.2-1 Y—LO%EEE

JO5S5L% SUEHEEE SUEIEH RS {EIEFE A
ScanSAR ZEHIS R T24+—yMEIE {E1E
PalsarViewer ScanSAR SRR SEHAN  [piRsEs 75
FBS/FBD 271 EF<ENE T+ —yMEIE BIE
Z DihEEsE T7ANYAXDER [ AE)—EH BIE
Dorear Frimme A 57z0IN) D7 ALEBHE  [Jx—<oMEE  [BE
& ER A BITOAN) [EETILRYED AE)—BHE B
PalsarProcessor ek {EENIB AE ) — &1 EI1E
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3.4 WELOLBEE

AR a Y=y NIV BE AR T Y7 MBI EMFEO ST O Y S
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Wb TR OEAFE LT,

S0 ALOS 24T H LI %D Ay 2T LS H B ~ORIISEE 2 U178 & B4
WTCTHEIT AURHESL L 72 Bl O T s b D EE X 5,

RZEICZOT Y s S OREHE L& TREHMEIZ Y 7 Y= 7~ ORBIERRDL & K
REEENICEEOEREZ 7027 MR L, 2O 585 T e =7 b
EATICE R T 52 L2 L2 d L L bil, P u7xy v a P ARE(EL NIRRT
DIcFHli = v Z o N DIENZLRICHRIERDHEEZRTLHDOTH D,
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At BB AORRR

A1, FE~==7/L (IBAMA, DPF 3t %FER)
AT 2. HFE~==7/1 (IBAMA FIZEEER)

AT 3. IBAMA A3 ~==o7 /L (F)VIHVEERR)
¥+ 4. DPF ANV R T w7 (RN VEERR)
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Distribution of Image Interpretation Key
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Tone / Color

*Tone, in the gray scale image, and Color and Chroma (hue and
saturation) in the color image, provide image interpreter with the
most amount of information if it is within his comprehension.

*Almost all interpretation case, target appears in the image has
different tone or color from its the back ground or other objects.
If it 1s not the case, you can not recognize the target

+In a aerial photo image interpretation, tone shows reflected
energy level. But in the recent sensor systems, tone shows not
only a reflected energy but also radiation, conduction and
scattered energy level.

Shape and Size

*Most of the ground based object can be primarily interpreted by its
size and shape. In the stereo image 3D image provide more easy
recognition even if the size information is not provided.

*Vegetable garden and rice paddy often polygon or rectangle but
former is sometimes inclined in a 3D image and easy to
distinguish. There are many signals to discriminate each others.

In PALSAR system stereo pair is not available, so inclination
information comes from dem used for orthographic conversion of
the image.

*In a afforested area, average size of tree crown shows diameter of
trees and age of it.

1
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Shadow and Shade

Building height evaluation or tree kind discrimination ca be done
by shadow and shade. In a high resolution SAR image,
foreshortening value will provide building height.

Main role of shade is to provide texture and pattern information.

Texture represents detailed surface information which can not
be recognized as individual surface detail.

Texture, which is the information on a object whether it has
rough surface or smooth surface, is an important element to
conduct image interpretation.

Texture

« Texture in image is created by tonal repetition in groups of
objects that are often too small to be discriminated as
individual objects. Texture shows the impression of surface
like smooth or rough and is very important in differentiating
various various classes of environmental phenomena in SAR
image.

» For novice interpreter, texture recognition is sometimes
difficult.

= It is important to get the feeling of texture through
exercise.

1



Pattern

= If it is compared with a cloth, texture is an expression of
manner of weaving, while pattern is a image drawn on the
cloth.

 Interpretation of shape is conducted in smaller scale but
pattern is interpreted in more larger scale.

» For example, a rice paddy is usually square or rectangular and
a group of rice paddy make a grid or strip pattern.

» In many cases, object is interpreted using pattern even when
individual element can not interpreted adequately.

Site and Association

» Site and association is a locational element in
image interpretation.

« Site is general understanding the target area.
Knowing the site information is useful to
identify specific object.

» Some objects are commonly associated with
other object. It is important to use association
to find specific object by finding associated
object.

1
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Definition of Technical Terms

» Shape

1) a indeterminate form:a shape which can not be expressed by
a word to express shape.

2) geometric shape : a systematic shape which can be expressed
by shape name as square, round, sinc wave ,parabola, or
polygon etc.

* As a start of image interpretation, labeling of target succeeded

by deduction using shape description is essential and
important.

» In the description of target, if a interpretation key is used as an
individual memo, naming is free. But if you want to convey
the message to other person, expression must be done using
common word, technical term or other well understood
wording.

Definition of Pattern

« Pattern is an expression of sg;atially repeated structure. Often,
following expression is used.

1) Linear: continuous structure like rail road, road or
contiguously arrayed linear structure like roadside trees, array of
valley on ground fault structure.

2)Scattering: small area object or larger object scattered
regularly or irregularly with wide spaces.

3) Stripe: rectangle are arrayed as stripes.
4)Regular array : point or area object are arrayed on a grid.

5) Streak: linear objects are arrayed parallel with each others.

1
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Definition of Texture

» Surface state discrimination called as texture is expressed
using following terms.

1) Smooth : Surface state of Forest so flat where individual tree
can not be recognized, or grass field or lawn like covered by

table cloth.

2)Fine:Like a forest of young cedar or cypress, individual tree
c‘rg}wn are recognizable but as a whole it looks like a sand
surface.

3) Coarse : Complex surface mixture of randomly allocated
objects like looking a gravel surface.

4) Soft: Similar to Coarse but individual objects have a vague
boundary.

Seasonal difference

In SAR image, seasonal change pattern is a good general
understanding of a target area. Knowing the data acquisition
date is essential to interpret target area.

Most of the change appears in the surface conditions whether
the area is dry or wet. Dry surface causes stronger back
scattering than wet surface.

Seasonal change is mostly caused by these surface changes in
SAR image.

To understand reflection model is often be a help to understand
the target area.

1
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Introduction

This handbook is designed to provide methodolgy to detect
deforestation in Amazon forest using ALOS PALSAR imgeges.

Deforestation of Amazon forest is done in various programs like
DETER, PRODES and various activitics conducted by SIPAM.

Most of the monitoring system has some weak point in low rate
of reflesh or disability in rainy season while the target areas are
cloud coverd in rainy season.

To over come the problems, an new approach to use PALSAR
image provided from ALOS is palnned and implemented.

Since PALSAR image is not familiar in Brazil, the hand book is
designed to fill gaps between existing technology and user
knowledge to utilize technology.

Back ground knoeledge on PALSAR

Frequency selection,
meaning of roughness
» Feature, flattness definition, incident angle responce
* Meaning of Polarization
* Tools for anaysis

* More detailed knowledge on PALSAR con be obtained
from a presentation material prepared by Dr. Humberto of
IBAMA.

1
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Tools and approach for General image
interpretation about forest

Tool: PALSAR Viewer
Tool: Google Earth

Tool: General remote sensing analysis tools

Approach: Recommended approach to establish image
interpretation key is to use PALSAR Viewer to cut polygon
and put on to Google Earth to compare target with optical
image.

Approach: From back ground optical image, you can identify
forest easily without conducting field survey.

Approach: By comparing PALSAR image with optical image
exactly overlap each others, your recognition of the target
about forest will be improved and accumulated.

Single Image analysis

+ Surface flatness effect appears in L band forest arca.

» This means forest arca shows higher brightness than non
forest flat area.

» It is also indicated that forest area response is relatively
flat.

» Next pages show a result by PALSAR image and Google
comparison for forest arca in Brasilia.

1
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Target site and sample polygon allocation

PALSAR
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Palsar

Polygon 1
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Palsar

Polygon 3

.

8 s
e N
Loceion
Lt 1541'65"S
Long 478523
Shape Inceterminstic
Sz NEFOw 3508 Widh 150m
i3 -8.080
hd ey 2638

Texture e

Descnption |Depct 1arest with smal trees.
Edoe |15 not cla Dot forest
boondary 5 aasity recognized

optical

1544127
Lang avaa'1"wW
Shapw: Indatarminst &
Size radus of round ie amost 500m
5 -B.060
310 ey 2502

| Text e Smooth

Dascription | Roundy marked grass or
ureeataled aaa

This is non forest area

12



Polygon 5

LOCa0n

Lt

Long LTEEIONW

Shape Indatarminstic

S2e narovessl Wwah of is 1600
[{¥] - 882

S0 Y 2721

Taxtury Fres
Descnption {Fore boundary and ot bounclary =
236y 10 rACOgIZe

Polygon 6

Locaion d

L 154512

% 4758w

e Goomatne. snaped anvt

S2a DO widh of polygon @ 750m
-B651|

s v 2514|

Teod ure Froe

Descrption |Low dscrete trees, bye sofl ad
RS AEE 13 Shawn 0 very jow
CONMrEst .

Optical

This is non forest rough area

13



154518

|Leeg STSTATW

Snape Goomatre. shupad

528 ronzoeial widh of olygoo = 310m |
-15947

st oy 2.58]

Ted ura Sroath

confrest

UL
Descoptian |Low dscrota troes, bare <ol and
OFRGS R 5 SNOWN N vary low

This is non forest area |

Optical

ey

Uﬂ 4/8T AW
GOomalne. shaped

526 NONZoEA widh of colywgon @ T50m
-14

*g'.d oy 3293

Teod ure Fre

Lright oot

Descrption [Pl wea is Shaen a5 ark ponts
InAWoud troas we recognipad a5

This is non forest area

Optical

14



Discrimination forest and non forest
from single HH pol image (FBS)

FBS image is not so easy to discriminate forest and non
forest area, because reflectance value and surface texture is
not unique for forest area when you compared the data
with non forest area.

Large scale discrimination of forest from non forest may
possible.

16

Discrimination of forest
from non forest area (dual Pol.)

PALSAR FBD provides us with dual polarization image.

Copolarization (HH or VV) is basically the same with FBS

data except data sampling space (6.25m FBS and 12.5m
FBD).

Cross polarization component reflect object structure and
higher level in volume scattering, which often shows
higher response in forest image.

Use color composite of FBD to conduct interpretation.

From next pages a mixed arca of Amazon forest and non
forest mixture in Rondonia.

17
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Image interpretation by dual pol. SAR

Test area (Rondonia Brazil) 1%

Statistics of Polygon 0 and 4 (deforested
area) ]

Polygon _[HH-s0 __[HH-stdDev|HV-s0 ___|HV- stdDev | Description
| -13.124 3479] -22101 3.592{detorestation
-8.164 2718 -13.235 2.716}fores!

- 5579 2812] -12307 2.715|grass of low tree
- 8427 2704 - 13.52 2. 779} orast

~73384] 30842 21378 3.165|deforestation
-9.726 3352] 14767 3 944lforest and loag

2778 4743 15, 3437[city

Sigma naught distribution (in dB)

[ord [35) B8 [ [N B4 0=

19
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Polygon 1, 3(forest)

Polygon HV- s0 HV- stdDev |Description
0] -13.124 3479 -22101 3.592|deforestation
1 -8.164{ 271 -13 2.716|forest
2 -5579 28121 -12.307 2.715|grass or low tree
3 -8.427| 2.704 - 13.52] 2.779|forest
4 -13.384 3342 -21375 3.165|deforestation
5 -9.726 3352 -14767 3.944|forest and load
6 2778 4749 -15692 3437|city

20

Polygon 2 (Grass or low tree)

~ HV- stdDev |Description

0] -13.124 34791 -22.101 3.592|deforestation
1 -8.164 2718 -13.235 2.716|forest

-5579 281 - 12.307] anaﬁ : or low tree
3 - 8427 2704 -13.52 2. forest
4] 13384 33421 -21.375 3.165|deforestation
5] -9.726 335 - 14767 3.944|forest and load
6 2,778} 4749 -15692 3.437|cily

2|
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Polygon 5(forest and access road)

l"-'

HH- s0

HV- stdDev

Polyaon HV-s0 Description
0] -13124 3479 -22101 3.592|deforestation
1 -8.164 2718 - 13.235 2 716}iorest
2 -5579| 2812 -12.307 2715|gass or low tree
3 -B.427 2.704 -1352 2.778forest
4] -13384 3342 -21.375 3.165(deforestation
-9.726 3352 -14.767] 3.944|forest and load
6 2.778 4.749 - 15,692 3.437|city
2
Polygon  |HH-s0 HH- stdDev [HV- 50 HV- stdDev | Description
0] -13.124 3479 -22101 3.5921deforestation
1 - 8.164 2718 - 13.235 2716} orest
2 - 5.579| 2812 12307 2.715|gass or low tree
3 -8.427 2.704 -1352 2.778|forest
4] -13384 3342 -21.375 3.165{deforestation
5 - 9.726 3352 - 14767 3.944{forest and load
' 2.778] 4749 -15692 3437|city

23
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Red/Orange in a forest

Red/orange area appears in

.| FBD (RG=HH,HV) image, is
9 bare soil or manmade object.

The reason is that red to

- | orange means relatively weak
4 back scatter in HV component,

%% which means volume

scattering is low. Thus the arca

is rough but surface reflection

# is dominant.

24

Yellow in forest area

s Yelllow in FBD
(RG=HH,HV) image is

low tree or grass land.
8 The reason is that

4l volume scattering exists
P but the value is low com
Ml pared with forest, that
means low tree or grass
causes weak volume
¢ scattering.

19



Green in FBD image

88 Green in FBD

2 | (RG=HH,HV) image is
¢ forest, The reason is that
volume scattering is high,
<=1 which means stronger

4 reflection caused by
summation of double
bounce scattering by trees.

) -

26

Reflection by trees
C’
P
- o F B
” A’
o ¥
> % - -
” o s
5 ”
In a Return signal of a SAR
system,path A-A’, B-B’, and C-
C’ signals appear in the same

pixel.
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Conclusion Forest and non forest
discrimination by FBD

PALSAR FBD is relatively sensitive to discriminate forest
area from image.

Some possibility to classify forest exists but not conducted
yet.

More statistical analysis is necessary to conduct automated
classification.

Change detection and find new
deforestation
The effect of deforestation is surface roughness change and

diminish of volume scattering, which causes difference of
back scattering,

» Time series analysis is a good method to detect

deforestation.

Multi temporal color composite of same parameter SAR

data and Multi temporal swithching comparison will be a
good method to identify newly happened deforestation.

24
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Multi temporal color composite (HH-HH)

30

Multi temporal color composite (HV-HV)

il
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Image interpretation of multi temporal
composite image

In a PALSAR image intensity varies from dark to bright
depending on the surface condition of target.

In general, flat surface shows dark reflectance. And flat
surface is often made by still water or wet surface.

In this context, dark area can be a flat surface or still water
covered area and bright area is rough or dry area.

32

Two date color composite (Dry Wet
interpretation)

No change ling

Dry and wet
interpretation is
applicable in
marsh land,
swamp, rice paddy
or flooded area.

Date 2 response

33

Date 1 response




Date 2 response

Two date color composite (Deforest
Reforest interpretation)

No change line

 Flat surface is
often caused by

tree cut in forest

area.

' So, dual date

' composite can be

interpreted as

5  deforest or

SS | reforest in forest

area.

34

Date 1 response

Evaluation of deforestation

Yellow part is no change during two observation date.

Red (bright or dark) is new deforested or degraded forest
or vegetation.

Green is reforested or increased forest or vegetation.

HV composite is higher contrast and easy to recognize the
changes.

This is due to the sensible response of vegetation on HV
volume scattering.

35
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Multi temporal FBD switching

By pressing “v” key after openig
dual FBD image observed in

different date, you can recognize
changed area in the image.

Old ¢

Note on same area coverd data

* In multi temporal data analysis, you must obtain data
covers same area in different data observation.

« (Conditions to cover a same area can be checked from
filename itself in default mode PALSAR data.

+ First 5 digit of filename numerical code (red character
below) shows cycle number of orbit. Every 671 cycles the
satellite comes back to the same place.

» The second 4 characters (blue character below) shows
frame position in oncycle orbit.

* Thus XXXXX+671*N means same orbit and same YYYY
covers the same area.

IMG-HH-ALPSR123456789L1.5....
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Higher level analysis of change detction

» Differential interferometry is a promising tool to detect
changes sensitively.

« There is a possibility to identify selective cutting or mining
activities by detecting surface change precisely.

» The application is beyond the scope of this hand book.
+ This will be discussed in advanced SAR cources.
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Tone / Color

*Tone, in the gray scale image, and Color and Chroma (hue and
saturation) in the color image, provide image interpreter with the
most amount of information if it is within his comprehension.

*Almost all interpretation case, target appears in the image has
different tone or color from its the back ground or other objects.
If it 1s not the case, you can not recognize the target

+In a aerial photo image interpretation, tone shows reflected
energy level. But in the recent sensor systems, tone shows not
only a reflected energy but also radiation, conduction and
scattered energy level.

Shape and Size

*Most of the ground based object can be primarily interpreted by its
size and shape. In the stereo image 3D image provide more easy
recognition even if the size information is not provided.

*Vegetable garden and rice paddy often polygon or rectangle but
former is sometimes inclined in a 3D image and easy to
distinguish. There are many signals to discriminate each others.

In PALSAR system stereo pair is not available, so inclination
information comes from dem used for orthographic conversion of
the image.

*In a afforested area, average size of tree crown shows diameter of
trees and age of it.

2
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Shadow and Shade

Building height evaluation or tree kind discrimination ca be done
by shadow and shade. In a high resolution SAR image,
foreshortening value will provide building height.

Main role of shade is to provide texture and pattern information.

Texture represents detailed surface information which can not
be recognized as individual surface detail.

Texture, which is the information on a object whether it has
rough surface or smooth surface, is an important element to
conduct image interpretation.

Texture

« Texture in image is created by tonal repetition in groups of
objects that are often too small to be discriminated as
individual objects. Texture shows the impression of surface
like smooth or rough and is very important in differentiating
various various classes of environmental phenomena in SAR
image.

» For novice interpreter, texture recognition is sometimes
difficult.

= It is important to get the feeling of texture through
exercise.

2



Pattern

= If it is compared with a cloth, texture is an expression of
manner of weaving, while pattern is a image drawn on the
cloth.

 Interpretation of shape is conducted in smaller scale but
pattern is interpreted in more larger scale.

» For example, a rice paddy is usually square or rectangular and
a group of rice paddy make a grid or strip pattern.

» In many cases, object is interpreted using pattern even when
individual element can not interpreted adequately.

Site and Association

» Site and association is a locational element in
image interpretation.

« Site is general understanding the target area.
Knowing the site information is useful to
identify specific object.

» Some objects are commonly associated with
other object. It is important to use association
to find specific object by finding associated
object.

2
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Definition of Technical Terms

» Shape

1) a indeterminate form:a shape which can not be expressed by
a word to express shape.

2) geometric shape : a systematic shape which can be expressed
by shape name as square, round, sinc wave ,parabola, or
polygon etc.

* As a start of image interpretation, labeling of target succeeded

by deduction using shape description is essential and
important.

» In the description of target, if a interpretation key is used as an
individual memo, naming is free. But if you want to convey
the message to other person, expression must be done using
common word, technical term or other well understood
wording.

Definition of Pattern

« Pattern is an expression of sg;atially repeated structure. Often,
following expression is used.

1) Linear: continuous structure like rail road, road or
contiguously arrayed linear structure like roadside trees, array of
valley on ground fault structure.

2)Scattering: small area object or larger object scattered
regularly or irregularly with wide spaces.

3) Stripe: rectangle are arrayed as stripes.
4)Regular array : point or area object are arrayed on a grid.

5) Streak: linear objects are arrayed parallel with each others.

2
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Definition of Texture

» Surface state discrimination called as texture is expressed
using following terms.

1) Smooth : Surface state of Forest so flat where individual tree
can not be recognized, or grass field or lawn like covered by

table cloth.

2)Fine:Like a forest of young cedar or cypress, individual tree
c‘rg}wn are recognizable but as a whole it looks like a sand
surface.

3) Coarse : Complex surface mixture of randomly allocated
objects like looking a gravel surface.

4) Soft: Similar to Coarse but individual objects have a vague
boundary.

Seasonal difference

In SAR image, seasonal change pattern is a good general
understanding of a target area. Knowing the data acquisition
date is essential to interpret target area.

Most of the change appears in the surface conditions whether
the area is dry or wet. Dry surface causes stronger back
scattering than wet surface.

Seasonal change is mostly caused by these surface changes in
SAR image.

To understand reflection model is often be a help to understand
the target area.

2
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Introduction

This handbook is designed to provide methodolgy to detect
deforestation in Amazon forest using ALOS PALSAR imgeges.

Deforestation of Amazon forest is done in various programs like
DETER, PRODES and various activitics conducted by SIPAM.

Most of the monitoring system has some weak point in low rate
of reflesh or disability in rainy season while the target areas are
cloud coverd in rainy season.

To over come the problems, an new approach to use PALSAR
image provided from ALOS is palnned and implemented.

Since PALSAR image is not familiar in Brazil, the hand book is
designed to fill gaps between existing technology and user
knowledge to utilize technology.

Back ground knoeledge on PALSAR

Frequency selection,
meaning of roughness
» Feature, flattness definition, incident angle responce
* Meaning of Polarization
* Tools for anaysis

* More detailed knowledge on PALSAR con be obtained
from a presentation material prepared by Dr. Humberto of
IBAMA.

2
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Tools and approach for General image
interpretation about forest

Tool: PALSAR Viewer
Tool: Google Earth

Tool: General remote sensing analysis tools

Approach: Recommended approach to establish image
interpretation key is to use PALSAR Viewer to cut polygon
and put on to Google Earth to compare target with optical
image.

Approach: From back ground optical image, you can identify
forest easily without conducting field survey.

Approach: By comparing PALSAR image with optical image
exactly overlap each others, your recognition of the target
about forest will be improved and accumulated.

Single Image analysis

+ Surface flatness effect appears in L band forest arca.

» This means forest arca shows higher brightness than non
forest flat area.

» It is also indicated that forest area response is relatively
flat.

» Next pages show a result by PALSAR image and Google
comparison for forest arca in Brasilia.

2
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Target site and sample polygon allocation
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Palsar
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Palsar
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Polygon 5
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Discrimination forest and non forest
from single HH pol image (FBS)

FBS image is not so easy to discriminate forest and non
forest area, because reflectance value and surface texture is
not unique for forest area when you compared the data
with non forest area.

Large scale discrimination of forest from non forest may
possible.

16

Discrimination of forest
from non forest area (dual Pol.)

PALSAR FBD provides us with dual polarization image.

Copolarization (HH or VV) is basically the same with FBS

data except data sampling space (6.25m FBS and 12.5m
FBD).

Cross polarization component reflect object structure and
higher level in volume scattering, which often shows
higher response in forest image.

Use color composite of FBD to conduct interpretation.

From next pages a mixed arca of Amazon forest and non
forest mixture in Rondonia.

17
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Image interpretation by dual pol. SAR

Test area (Rondonia Brazil) 1%

Statistics of Polygon 0 and 4 (deforested
area) ]

Polygon _[HH-s0 __[HH-stdDev|HV-s0 ___|HV- stdDev | Description
| -13.124 3479] -22101 3.592{detorestation
-8.164 2718 -13.235 2.716}fores!

- 5579 2812] -12307 2.715|grass of low tree
- 8427 2704 - 13.52 2. 779} orast

~73384] 30842 21378 3.165|deforestation
-9.726 3352] 14767 3 944lforest and loag

2778 4743 15, 3437[city

Sigma naught distribution (in dB)

[ord [35) B8 [ [N B4 0=

19
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Polygon 1, 3(forest)

Polygon HV- s0 HV- stdDev |Description
0] -13.124 3479 -22101 3.592|deforestation
1 -8.164{ 271 -13 2.716|forest
2 -5579 28121 -12.307 2.715|grass or low tree
3 -8.427| 2.704 - 13.52] 2.779|forest
4 -13.384 3342 -21375 3.165|deforestation
5 -9.726 3352 -14767 3.944|forest and load
6 2778 4749 -15692 3437|city

20

Polygon 2 (Grass or low tree)

~ HV- stdDev |Description

0] -13.124 34791 -22.101 3.592|deforestation
1 -8.164 2718 -13.235 2.716|forest

-5579 281 - 12.307] anaﬁ : or low tree
3 - 8427 2704 -13.52 2. forest
4] 13384 33421 -21.375 3.165|deforestation
5] -9.726 335 - 14767 3.944|forest and load
6 2,778} 4749 -15692 3.437|cily

2|
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Polygon 5(forest and access road)

l"-'

HH- s0

HV- stdDev

Polyaon HV-s0 Description
0] -13124 3479 -22101 3.592|deforestation
1 -8.164 2718 - 13.235 2 716}iorest
2 -5579| 2812 -12.307 2715|gass or low tree
3 -B.427 2.704 -1352 2.778forest
4] -13384 3342 -21.375 3.165(deforestation
-9.726 3352 -14.767] 3.944|forest and load
6 2.778 4.749 - 15,692 3.437|city
2
Polygon  |HH-s0 HH- stdDev [HV- 50 HV- stdDev | Description
0] -13.124 3479 -22101 3.5921deforestation
1 - 8.164 2718 - 13.235 2716} orest
2 - 5.579| 2812 12307 2.715|gass or low tree
3 -8.427 2.704 -1352 2.778|forest
4] -13384 3342 -21.375 3.165{deforestation
5 - 9.726 3352 - 14767 3.944{forest and load
' 2.778] 4749 -15692 3437|city

23
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Red/Orange in a forest

Red/orange area appears in

.| FBD (RG=HH,HV) image, is
9 bare soil or manmade object.

The reason is that red to

- | orange means relatively weak
4 back scatter in HV component,

%% which means volume

scattering is low. Thus the arca

is rough but surface reflection

# is dominant.

24

Yellow in forest area

s Yelllow in FBD
(RG=HH,HV) image is

low tree or grass land.
8 The reason is that

4l volume scattering exists
P but the value is low com
Ml pared with forest, that
means low tree or grass
causes weak volume
¢ scattering.
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Green in FBD image

88 Green in FBD

2 | (RG=HH,HV) image is
¢ forest, The reason is that
volume scattering is high,
<=1 which means stronger

4 reflection caused by
summation of double
bounce scattering by trees.

) -

26

Reflection by trees
C’
P
- o F B
” A’
o ¥
> % - -
” o s
5 ”
In a Return signal of a SAR
system,path A-A’, B-B’, and C-
C’ signals appear in the same

pixel.
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Conclusion Forest and non forest
discrimination by FBD

PALSAR FBD is relatively sensitive to discriminate forest
area from image.

Some possibility to classify forest exists but not conducted
yet.

More statistical analysis is necessary to conduct automated
classification.

Change detection and find new
deforestation
The effect of deforestation is surface roughness change and

diminish of volume scattering, which causes difference of
back scattering,

» Time series analysis is a good method to detect

deforestation.

Multi temporal color composite of same parameter SAR

data and Multi temporal swithching comparison will be a
good method to identify newly happened deforestation.

24
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Multi temporal color composite (HH-HH)

30

Multi temporal color composite (HV-HV)

il
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Image interpretation of multi temporal
composite image

In a PALSAR image intensity varies from dark to bright
depending on the surface condition of target.

In general, flat surface shows dark reflectance. And flat
surface is often made by still water or wet surface.

In this context, dark area can be a flat surface or still water
covered area and bright area is rough or dry area.

32

Two date color composite (Dry Wet
interpretation)

No change ling

Dry and wet
interpretation is
applicable in
marsh land,
swamp, rice paddy
or flooded area.

Date 2 response

33

Date 1 response




Date 2 response

Two date color composite (Deforest
Reforest interpretation)

No change line

 Flat surface is
often caused by

tree cut in forest

area.

' So, dual date

' composite can be

interpreted as

5  deforest or

SS | reforest in forest

area.

34

Date 1 response

Evaluation of deforestation

Yellow part is no change during two observation date.

Red (bright or dark) is new deforested or degraded forest
or vegetation.

Green is reforested or increased forest or vegetation.

HV composite is higher contrast and easy to recognize the
changes.

This is due to the sensible response of vegetation on HV
volume scattering.

35
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Multi temporal FBD switching

By pressing “v” key after openig
dual FBD image observed in

different date, you can recognize
changed area in the image.

Old ¢

Note on same area coverd data

* In multi temporal data analysis, you must obtain data
covers same area in different data observation.

« (Conditions to cover a same area can be checked from
filename itself in default mode PALSAR data.

+ First 5 digit of filename numerical code (red character
below) shows cycle number of orbit. Every 671 cycles the
satellite comes back to the same place.

» The second 4 characters (blue character below) shows
frame position in oncycle orbit.

* Thus XXXXX+671*N means same orbit and same YYYY
covers the same area.

IMG-HH-ALPSR123456789L1.5....
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Higher level analysis of change detction

» Differential interferometry is a promising tool to detect
changes sensitively.

« There is a possibility to identify selective cutting or mining
activities by detecting surface change precisely.

» The application is beyond the scope of this hand book.
+ This will be discussed in advanced SAR cources.

38
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VISUAL IDENTIFICATION OF NEW DEFORESTATION USING SCANSAR IMAGES

INDICAR works with ScanSAR color composite images for different dates in 90 days,
provided by the Japanese Aerospace Agency (JAXA).
To identify new deforestation initially we excluded the deforestation already identified by

the official systems. We created a mask that aggregates PRODES polygons (the latest),
DETER (YTD) and index (polygons identified above)

= B
1 & apersl
# [ Temas de Apoio
=] Méscaras de desmatamentas antigos fndo
=] DETER_2010_2011
=
= M PRODES
5 ¥ PRODES_RO
<all other values:

class_name
I CESFLORESTAMENTO
B HIDROGRAFIA
] NAC FLORESTA
B d1957_0; d2000_2; d2000_3;
B residuc2004; residuoz006; RE
[+ O PA_PRCDES
# [0 MT_PRODES
# [ Imagens Landsat | chers
# O zule
& Imagens Alos -

Figure 01: Masks of Rondonia State.

We proceeded to the visual identification of deforestation, observing brightness and shape
of polygons. The process is conducted at 1:150,000 scale, allowing the definition of areas
of at least 25 hectares.

In the case of recent deforestation, search anthropic polygons (regular, which indicates a
good chance of being a human intervention), denoting a non-natural transformation. We
believe that recent deforestation present this pattern of brightness due to the whole soil

surface moisture (dielectric constant) + dirt resulting from deforestation (Double bounce
and volume scattering), and the geometric pattern.

Deforestation: High brightness, polygonal defined.




There are many other patterns found in the ScanSAR compositions, and the main are:

Forest: characterized by the diffusion of waves, does not present a
defined pattern.

Gallery Forest: presents more intense brightness than forest. The fact of
going around the water courses allows the recognition due to the unusual

shape

Old deforestation: Low intensity of brightness caused by specular

reflection because the targets act as smooth surfaces.

Rugged topography, has regions with high brightness however there are
regions near blackened and following a pattern of direction due to

shadows generated by sensor’s position to the target

Wetlands: bright, easily confused with deforestation, distinguished by

shape and seasonality.

In the following example we have identified the following features

Desmatamentos Relevo
antigos I _ ~acidentado

Floresta

Mata LR (WA A A oy
galeria Area alagada

Figure 2: features visually identified in the composition of cycles 41 and 39 in Ronddnia State



The masks simplify a visual identification of feature because of decreases of areas that will
be supervised and avoid the repeated detection of polygons.

Other subjective coefficient are taken in consideration and delineation of a deforestation or
not, as the following

* Proximity of ancient deforestation defined by PRODES;
* Proximity to recent deforestation, defined by DETER and INDICAR,;
* Proximity to roads.
Factors that create doubts in the delineation of polygons:
* Proximity to gallery forests and waterways;
* Proximity to areas of "non forest" defined PRODES,;
* Proximity to rugged relief;
* Polygon Non-regular format.

In the following example, we have an area identified as deforestation, closer to old
deforestation and a large area classified as "non-forest" by PRODES system:

Mascara PRODES Floresta
Né&o Flore

L]

=
£

Mata Galeria

Mascara PRODES
Desmate (an

DESMATAMENTO
INDICAR

Figure 03: identification of deforestation in the ScanSAR images composition.

As noted, the methodology is based on visual concepts and subjective definition for
deforestation, still had a high success rate in the validation made by the CSR and the field
work carried out by inspectors.
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Draft Version 2.1, Dec,2010

Manual de Monitoramento do Desmatamento na Amazonia

Editor M. Ono (JICA Expert)

Objetivo do Manual

Introduzir a metodologia e critérios basicos de avaliacdo para monitorar o
desmatamento utilizando dados ALOS PALSAR

Fornecer apontamentos para o processo sistematico para uso PALSAR no aplicativo atual e
futura extensdo do processo para outra area de aplicacao

Deixar as experiéncias obtidas no projeto atual para futuro analista ou desenvolvedor

de software.

Metodologia

A metodologia de uso esta resumida abaixo. Vocé deve selecionar ou usar varios métodos
em associagdo a realizagdao de detecgdo de desmatamento.

- Interpretacdo visual de imagens SAR

- Detecgao de mudangas por composi¢ao Multi temporal

- FBD switch

- A andlise estatistica / classificacdo FBD

- Detecgdo automatica ou semi-automdtica de desmatamento (Classificagdo dual pol.,
classificacdo textural, classificacdo sigma base zero). Estda em projeto, ainda ndo esta pronto.

- Comparagao de imagens opticas por sobreposigao KML

Informagdes gerais sobre a natureza da imagem PALSAR

PALSAR utiliza banda L, com comprimento de onda de 23 cm.

Ondas de radio dessa freqiéncia penetram a cobertura florestal. Algumas acertam a
superficie terrestre e outras sdo espalhadas devido ao volume de ramos e folhas da arvore,
causando componete polarizada cruzada que aparece nos sinais recebidos.

No corte raso da floresta, a superficie da terra aparece nua nas imagens que parecem
planas neste comprimento de onda, causando reflexo, o que reduz ondas retroespalhadas para
receptor de satélite. Na drea de corte raso, a imagem fica escura devido a redugdao de

retroespalhamento.

3
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Além disso, devido ao espalhamento do volume de uma floresta, a recepcdo polarizada
dupla (FBD) mostra reflexao relativamente forte na componente polarizada cruzada.

Para mais detalhes na natureza da imagem de radar, ha muitas referéncias de livros e
documentos. Consulte os documentos listados se vocé tiver mais interesse sobre esta matéria.

(Appendix. 13, Ib, Ic)

Monitoramento do Desmatamento

Um modelo de reflexdo de radar de deteccdo do desmatamento é a utilizacdo de mudancas
e alteragOes de rugosidade superficial espalhamento do volume devido ao desmatamento.

Pelo desmatamento, a rugosidade da superficie afeta o retorno da onda ao radar, o que
torna a componente de espalhamento suave e reduz o volume. Assim, a area desmatada da
imagem torna-se escura em dados de banda L PALSAR.

Como varias pesquisas relataram, o brilho da componente HH na area desmatada aos
poucos recupera o tempo decorrido apds a ocorréncia de desmatamento. Enquanto o componente
HV é estavel apds desmatamento.

Isto sugere que a rugosidade superficial recupera gradualmente apds o desmatamento, mas
a recuperacdo do crescimento de arvores ocorre mais lentamente. Mas este efeito ainda ndo foi
verificado.

Existe a possibilidade de usar a deteccdo de mudancga de altura usando interferograma

diferencial, mas isto ndo é verificado ainda.

Detecgao de Corte Raso

Efeito do corte raso na reflexao de radar é a diminui¢ao da rugosidade da superficie. Na
imagem PALSAR o corte raso se torna escuro, tanto na componente HH e no componente HV.
Como mostrado na pagina anterior, componente HH tém uma tendéncia para recuperar o brilho
em relativamente curto espaco de tempo decorrido (de varios meses a um ano de experiéncia
PALSAR).

No modo ScanSAR, o monitoramento continuo € necessario para detectar alteracbes em
relacdo a recuperacdo do brilho.

Efeito sobre a componente de polarizagao cruzada é diminuir o volume do componente de
dispersdo, devido ao desmatamento. Isso é relativamente estavel durante o tempo decorrido apds
o desmatamento.

Pensando na nutureza do tempo de dependéncia da area de corte raso, 0 monitoramento

3
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de desmatamento mais preferivel é usar o componente HV PALSAR no caso

Tempo de Dependéncia

Corte raso, primeiro mostra efeito claro sobre a resposta do radar. Esse efeito gradualmente
diminui ou torna-se vago apo6s um ou dois ciclos de tempo decorrido.

A reducdo do sinal de rastreamento (fade away) é mais significativa para a reflexdo co-
polarizada (HH no FBS e FBD) do que para a reflexdao polarizada cruzada (HV em FBD). Esse
resultado sugere que parece melhor usar HV para detectar o desmatamento.

O efeito (fade away) pode ser o resultado de uma secagem dos solos superficiais ou grama
crescendo na drea de corte raso.

The effect must be checked through field survey and be confirmed which model is adequate.

O efeito deve ser verificado através de levantamento de campo e ser confirmado que o

modelo é adequado.

Deteccdo de corte seletivo de madeira
Detecgao de corte seletivo de arvores é um tema muito dificil. H4 apenas uma possibilidade

de utilizar alguns dados PALSAR para detectar o corte seletivo. A possibilidade sera verificada nas

atividades do ano anterior.

Verificagao

Para monitorar o desmatamento utilizando PALSAR, é imprescindivel realizar pesquisa de
campo ou observacdo local equivalente a fim de verificar o processo.

Muitas vezes, usar o Google Earth no local da imagem é adequado, porque a nossa darea
alvo atrai o interesse de todo o mundo e com frequéncia o Google atualiza a area de cobertura
com imagens de alta resolugao dptica.

Em alguns casos, vocé pode verificar os resultados analisados pela subreposi¢cdo de imagens
PALSAR divididas em partes menores de areas-alvo no Google Earth.

Tenha cuidado com o pensamento da freqiiéncia de atualizagao das imagens de fundo do
Google Earth. Verificacdes devem ser limitadas para estabelecer metodologia. Ndo utilizar para a

analise de alvo real.

3
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Nova detec¢ao de desmatamento em PALSAR Wide Beam

Detecgao usando compostos coloridos multi temporais de digitalizagdo de imagens SAR
mostra novos desmatamentos ou algum desmatamento falso com mudanga de cor.

Toda mudanga na reflectancia de radar entre as datas 2 ou 3 de observagao aparece como
colorida na imagem composta, enquanto menos mudanca é exibida como o amarelo (2 datas) e
cinza (3 datas).

Alguns sdo devido ao desmatamento, alguns sdo efeito da variacdo sazonal da superficie do
solo (umidade do solo), alguns sdo as alteracBes ambientais naturais (inunda¢des ou secas) ou
efeito do crescimento da vegetacdo. mo

Para discriminar o desmatamento entre as mudangas na imagem, a decisdo empirica é
importante.

Devido a resolucdo do wide beam mode (100m), o desmatamento é detectado a partir de 4

hectares.

Rdapido processo de detecgdao pelo PALSAR ScanMode

e Processamento
Aquisicdo ScanSAR e Download
ScansSAR upload do servidor pelo TBAMA
- em JAXA
Composicao
Multi temporal
pelo IBAMA
Verificacao de .
campo | | Upload de arquivo Interpreta¢ao
(IBAMA, DPF) TTKML L
pelo IBAMA

Pré-processamento de ScanSar



Composicio de Enquadramento pelo paramentro de entrada
2-3 cenas temporais de cor (Framing by mput parameter)

Imagem Frame de composicao 2 datas

4 hectares sdo 4 pixel
na imagem

t[magem Frame e Geotiff."

Exemplo de monitoramento por PALSAR FBS



As paginas a seguir mostram alguns exemplos de imagens PALSAR para mostrar itens em
floresta do Parque Nacional de Brasilia (mata de Cerrado) por PALSAR modo FBS (espacamento de
pixel é 6.25m).

Sigma valor zero é uma indicacdo para discriminar C.

Neste exemplo, a correcdo de inclinagdo ndo é aplicada mas para discriminar o alvo com
maior precisdo, recomenda-se aplicar antes a corre¢do de inclinagdo.

Nesta amostra, considere sigma zero para haver possibilidade de discriminar a floresta de
outros objetos.

Imagens da superficie do solo sdo retiradas do Google Earth, que é facil de identificar

objetos em imagens.

Local alvo e amostra do poligono de alocagdo

ScenelD="ALPSR P163666860”. FBS HH pol. Lev.1.5, Acq. date 2009.8.07

Poligono 0
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Lat 154147

Long 4757'58"W

Shape Inoeterministic

Size narrow side width 150m
Ei 3] -8.065

std dev 2651

Taxiure Fne

Description [Depict -forest with small irees.
Fore edge of the torest 1o face
radar llumination shows a little
bt higher bright nass (a) while
back side shows a shadow (b).

A

3
otica

|at 15:42'08"S

Leng 4756 37'W

Shape Indetenministic

Size narrow side width 150m

[i§) -g422

std oev 2604

Texture Fne

Description | Depict fores! with smeail trees.
Fore edge of the forest to face
radar lumination shows a little
bit higher bright ness {a) while
back side shows a shadow (bi.

Palsar

Poligono 1



Poligono 2

Radar

Poligono 3

Location

Lat 1543'9"S

Lo 47 5754"W

Shape Geometric shaped argl

Size horizontal wickh of polygon is 810m
[ - 761

std dev 2,746

Texture Fing

Description |Forest is well recognized by its

brightness, tecture and fore edge
and back edge of the forest.

3
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Poligono 4

Radar

Poligono 5

Palsar

Lat 1544'12"5

|Long 47581"W

Shape Indeterministic

Size radius of round is aimost 500m
[¥] - 8.066

sid dev 2602

Texture Smooth

Description |Foundly marked grass or

unvegitated area

otica

3
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—_—

Radar

Poligono 6

Lat 15:45'46"3

Long 4758'40'"W

Shape Indeterministic

Size narrowest width of polygon is 180m
[7ia -8.482

sid dev 2721

Texture Fine

Description |Fore boundary and aft boundary is

easy fo recagnize.

otica
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otica

15:46'12"3
4758'18"W
Geometric shaped arg|
horizontal width of polygon is 750m
-BH51
2514
Fne
Low dscrete trees, bare soil and
grass area is shown in very low
contrast.

Palsar

Poligono 7
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Poligono 8

Size horizontal width of polygon is 810m
il - 15_54_'{

sid dev 258

Texture Smooth

Description |Low dscrete trees, bare soil and

grass area is shown in very low
contrast.

12



otica

Lat 1546'16"3

Long ATET'AIW

Shape Geometric shaped arg

Size horizontal width of polygon is 750m
IE] - 145647

std dev 3293

Textura Fine

Description |Flat area is shown as dark pixels.
Indvickial frees are recognized as
bright dot.

Radar

Monitoramento da Floresta / Desmatamento de area PALSAR FBS

As pdginas seguintes sao exemplos de partes de Rondonia pelo PALSAR FBD (15m de

amostragem espacial de imagens dupla polariza¢do: HH e HV).

Estatisticas Sigma zero mostram a distingdo de florestas tipicas / ndo-florestas , mas a cor
nesta cena tipica nos ajuda a compreender as diferencas de destino.

Existe a possibilidade de aplicar os dados estatisticos para a classificagdao da floresta e nao

floresta, bem como a classificacdo automatica do desmatamento....

13



Interpretagao de composicao FBD

Vermelho: reflexéo da superficie do solo, nua ou com uso humano
Amarelo: superficie aleatoria ou arvores baixas ou pasto

Verde: floresta

Preto : agua parada ou superficie lisa

Escuro na area tlorestal: cotte raso ou corte seletivo

Exemplo de monitoramento florestal

3 14



Composi¢ido de cor HH-HV

Rio: Baixa reflexiio HH e
HV significa superficie
plana como a superticie
da agua

s

ida alta eﬂe

jcomo galhos inclinados de arvores baixas. ...

do de HH

Grama ou campo de arvores de baixo:
aixa reflexfio HH significa mvelamento da

media,  enquanto reflexdo HV relativamente

ta significa conveiter polarizacio do objeto

oresta: verde significa
‘erande volume de

significa uma combinacéio de .
E[)'esmatam'ento |

espalhamento por causa
dag arvores altas.

objetos geometricos sumples.

Area Teste

Poligono 0 e 4 (drea desmatada)
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Polygon _ {HH-s0 HH- stdDev [HV- s0 HV- stdDev | Description
0] -13124 3479] -22101 3.592|deforestation
1 -8.164 2718] -13.235 2.716]torest
2 -5.579 2812 -12307 2.715|grass or low tree
3 -8.427 2704 -13.52 2.779|forest
4] -13384 3342] -21375 3.165{deforestation
5 -9.726 3352 -14.767 3.944|forest and load
6 2778 4749] -15692 3437|city

Poligono 1 e 3(Floresta)

HH- s0

HH- stdDev |HV-

[Description

0] -13.124 3479 -22101 3.592|deforestation

1 -8.164 2.718] -13235 2.716|forest

2 -5579 2812 -12307 2.715|grass or low tree
3 - 8427 2704 -13.52 2.779|forest

4] -13.384 3342 -21.375 3.165|deforestation

5 -9.726 3352 -14.767 3.944|forest and load
6 2778 4749 -15692 3.437|city

Poligono 2 (Campo ou arvores baixas)
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Polygon  |HH-s0 HH- stdDev |HV- s0 HV- stdDev [Description

0 -13.124 3479 -22101 3.592|deforestation

1 -8.164 2718 -13.235 2716|forest

2 -5579 2812 -12.307 2.715|grass or low tree
3 -8427 2704 -13.52 2.779forest

4 - 13384 3.342 -21.375 3.165|deforestation

5 -9.726 3.352 -14.767 3.944|forest and load
6 2778 4749 - 15692 3.437|city

\_.

Polygon |HH-s0 HH- stdDev |HV- sO HV- stdDev | Description

0] -13.124 3479 -22101 3.592|deforestation

1 -8.164 2.718] -13.235 2.716|forest

2 -5.579 2812 -12307 2.715|grass or low tree
3 -8.427 2.704 - 13.52 2.779forest

4] -13384 3342 -21.375 3.165|deforestation

5 -9.72 3352 -14.767 3.944|forest and load
6 2778 4749 -15692 3.437|city

Poligono 6 (Area Residencial)
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Polygon  |HH-s0 HH- stdDev | HV- sO HV- stdDev |Description
0] -13.124 3.479 -22.101 3.592|deforestation
1 -8.164 2.718 - 13235 2.716|forest
2 -5579 2812 -12.307 2.715|grass or low tree
3 -8.427 2.704 -13.52 2.779|forest
4 -13.384 3.342 -21.375 3.165|deforestation
b -9.726 3.3562 -14.767 3.944|forest and load
6 2778 4749 -15692 3.437|city

Vermelho/Laranja na floresta

Amarelo em area de floresta

Area vermelha/alaranjada que
aparece nas imagens FBD
(RG=HH.HV) . e um solo nu
ou que gofren uso do homem.
A razao dessa coloracio e que
houve dispersio relativamente
fraca para tras do componente
HV. o que significa que o
volume de espalhamento esta
baixo. Assim, a area € 1rugosa
mas a reflexio da superficie e
dominante.

18



Verde em imagem FBD

Amarelo em 1magem
FBD (RG=HH.HV)e
campo ou arvores
baixas. A razio e que o
volume de
espalhamento existe
mas o valor e baixo
comparado com o da
floresta, o que significa
que arvores baixas e
campos causain
redugao do volume de
espalhamento.

19



Verde em imageim FBD (RG=HH.HV) e floresta. A
razao e que o volume de espalhamento e alto, o que
significa retflexao forte causada pela soma do duplo
salto de espalhamento pelas arvores.

Reflexao pelas arvores

A
/Aﬁ

i G

”~

Em um sinal de retorno de um
sistema SAR ., o caminho A-A",
B-B’, ¢ 0s sinais C-C’ aparecem
no mesmo pixel.

Conclusao da discri¢ao de florestas e nao florestas pela FBD
PALSAR FBD é relativamente sensivel a reconhecer areas florestais na imagem.

Alguma possibilidade de classificar floresta existe, mas ndo é realizado ainda.

20



E necessdria uma analise mais estatistica para realizar uma classificacdo automatica.

Detecg¢ao de mudanga e encontrar novos desmatamentos

O efeito do desmatamento é a alteragdo de rugosidade superficial e a diminuicdo do
volume de dispersao, o que provoca diferenca no retroespalhamento.

Andlise de séries temporais € um bom método para detectar o desmatamento.

Composicao Multi temporal colorida com o mesmo pardmetro de dados SAR e comparacao

da mudanga Multi temporal serd um bom método para identificar desmatamentos recentes.

Composicao Multi temporal colorida (HH-HH)

Composicdao Multi temporal colorida (HV-HV)

21



Interpretacao de imagem da composicao de imagens Multi temporais

Em uma imagem PALSAR a intensidade varia de escuro para claro, dependendo da condicdo
da superficie do alvo.

Em geral, uma superficie plana mostra reflectdncia escuro. E uma superficie plana é
geralmente feita por agua parada ou superficie molhada.

Neste contexto, a drea escura pode ser uma superficie plana, ou ainda drea coberta de dgua

e drea iluminada é a drea 4spera ou seca.

Composicao colorida de duas imagens (Interpretacao seco-molhado)

22



Nenhuma linha
de mudanca

| Mudan¢a pata seen

A nterpretacido de
secos e molhados é
aplicavel no
pantanal, brejo,
plantagdo de arroz
ou area tnundada.

Resposta 2 imagens

Resposta | imagem

Composicdo de duas imagens (Interpretacdo de Reflorestamento e Desmatamento)

Nenlhmmna linha
de mudanca

Uma superficie plana ¢
Eerﬂhnente causada por
corte de arvores na atea
orestal.
ntdo, na composicio de
1magens mna area pode
‘el interpretada como
lesmatamento ou
eflorestamento em area
e floresta.

Resposta 2 imagens

Resposta | imagem

Avaliacao do desmatamento

Parte Amarela: nenhuma mudanca durante dois periodos de observacao.
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Vermelho (claro ou escuro): novos desmatamentos ou areas degradadas ou vegetacao.
Verde: area reflorestada ou aumento de floresta ou vegetacao.
Composigao HV: maior contraste e facil de reconhecer as mudangas

Isto é devido a resposta sensivel da vegetacdo no volume de espalhamento HV.

Mudanga Multi temporal FBD

Ao pressionar a chave “v™ apos a
abertura da imagem dupla FBD
observada em diferentes datas, voce
pode reconhecer se mudou alguma
area da umagem.

Antiga

3 24



IDENTIFICACAO VISUAL DE NOVOS DESMATAMENTOS NAS IMAGENS SCANSAR.

O INDICAR trabalha com a composicao colorida de imagens ScanSAR cedidas pela Agéncia
Aeroespacial Japonesa (JAXA) de datas distintas em aproximadamente 90 dias.

Para identificar os novos desmatamentos inicialmente excluimos os desmatamentos j4 identificados
pelos sistemas oficiais. Foi criada uma méscara que agrega os poligonos PRODES (o mais recente),

DETER (acumulado no ano) e INDICAR (poligonos identificados anteriormente)

= Sl
# [ Temas de Apoig
B Mascaras de desmatamentos antigos [ndo
=] DETER_2010 2011
=

= b4 PRODES
=l PRODES_RO
<all other valuess
class_name
B DESFLORESTAMENTC
B HIDROGRAFTA
W9 A0 FLORESTA
W d1997_0; dz000_2; d2000_3;
B residuo2004; residuo200e; RE
# [0 PA_PRODES
® [0 MT_PRODES
Imagens Landsat | chers
zuly
Imagens Alos

xOO

(EIRETRE S

Figura 01: Mascaras de Rondénia.

Partimos entdo para a identificacdo visual dos desmatamentos, levando em consideragdo o brilho e a
forma dos poligonos. O processo ¢ realizado na escala 1:150.000, permitindo a definigdo de areas
de no minimo 40 hectares.

No caso dos desmatamentos recentes procuramos poligonos com formas antropizadas (regulares, o
que indica grande chance de ter sido uma interven¢do humana), denotando uma transformagao nao-
natural. Acreditamos que os desmatamentos recentes apresentem este padrao de brilho devido ao
conjunto solo com umidade superficial (constante dielétrica) + sujeira resultante do desmatamento

(Double bounce e volume scattering), e o padrdo geométrico ocorre

Desmatamento: Brilho elevado, poligonal definida.

25



Existem outros padrdes encontrados em grande numero nas composi¢des ScanSAR, sendo os

principais:

Floresta: caracterizado pela difusdo das ondas, ndo apresenta um padrao

definido.

Mata Galeria: Apresenta intensidade de brilho mais intensa que a floresta. O
fato de circundar os cursos d'dgua permite o reconhecimento devido ao formato

incomum.

Desmatamento antigo: Pouca intensidade de brilho causado pela reflexao

especular, pois os alvos agem como superficies lisas.

Relevo acidentado: apresenta regides com alto brilho porem proximo existem
regides escurecidas e seguem um padrio de direcionamento devido as sombras

geradas pela posi¢ao do sensor em relagdo ao alvo

Areas alagadas: brilho intenso, facilmente confundido com desmatamentos,

distinguindo-se pela forma e sazonalidade.
No exemplo a seguir identificamos as seguintes fei¢des:

Desmatamentos Relevo
antigos I _ ~acidentado

Floresta

Mata _ : ‘ 1
galeria Area alagada

Figura 2: fei¢cdes identificadas visualmente na composi¢ao dos ciclos 41 e 39 em Rondbnia.

3 26



Com a ajuda das méscaras simplificamos a identificagdo visual das fei¢des, pois a area a ser
supervisionada diminui sensivelmente e evitamos a detecc¢ao repetida de poligonos.
Outros fatores subjetivos sdo levados e consideragao na delimitagao ou nao de um desmatamento.
Fatores que confirmam um desmate sdo os seguintes:

— Proximidade de desmatamentos antigos, definidos pelo PRODES;

— Proximidade de desmatamentos recentes, definidos pelo DETER e INDICAR;

— Proximidade a estradas.
Fatores que geram duvidas na delimitacdo de poligonos:

— Proximidade a matas galeria e cursos d'agua;

— Proximidade a 4reas de “ndo floresta” definidas pelo PRODES.

— Proximidade a relevos acidentados;

— Formato nao regular do poligono.
No exemplo a seguir, temos uma area identificada como desmate, proximo a desmatamentos antigos

e uma grande area classificada como “nao floresta”pelo sistema PRODES:

Mascara PRODES Floresta
Nao Flore
Mata Galeria
Mascara PRODE!
Desmate (ap
_ Relevo

DESMATAMENTO
INDICAR

Figura 03: identificagcdo de desmatamento na composi¢do de imagens ScanSAR.

Como podemos notar, a metodologia ¢ baseada em conceitos visuais e subjetivos para defini¢do do
desmatamento, ainda assim apresentou alto indice de acerto nas validacdes feitas pelo CSR e no

trabalho de campo desenvolvido pela fiscalizagao.
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Nota sobre a mesma area que cobre os dados

Em varias analises de dados temporais, é necessario obter dados que cobrem a mesma area
na observacdo de dados diferente.

CondicOes para cobrir uma mesma area pode ser verificada no préprio nome do arquivo de
dados padrao modo PALSAR.

5 primeiros digitos do nome cddigo numérico (caracter vermelho abaixo) mostra o numero
do ciclo de 6rbita. Todos os 671 ciclos do satélite voltam ao mesmo lugar.

A segunda de 4 caracteres (caracter azul abaixo) mostra a posicao do frame em drbita sobre
o ciclo.

Assim XXXXX+671*N significa mesma 6rbita e a mesma YYYY cobrindo a mesma érea.

IMG-HH-ALPSR 123456 739LL1.5

Analise mais profunda de detec¢ao de mudanga
Interferometria Diferencial € uma ferramenta promissora para detectar sensiveis mudancas.
Existe a possibilidade de identificar o corte seletivo ou atividades mineiras detectando as
alteracBes de superficie com precisao.
A aplicacdo esta além do escopo deste manual.

Isto serd discutido em cursos avangados SAR.
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1. Breve explicagao sobre imagens de radar

As imagens de radar sdo resultado do registro da radiacao eletromagnética no intervalo das micro-
ondas (figura 1). Essas imagens possuem algumas vantagens em relagdo a imagens que captam a
radiagdo no intervalo do espectro do visivel e infravermelho devido a:

1) alta transmissibilidade das micro-ondas na atmosfera;
i1) a independéncia em relagdo a iluminagdo solar, permitindo imageamento noturno;

ii1) a capacidade das micro-ondas de atravessar nuvens, chuva e poeira.
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Figura 1 — Espectro da radiagdo eletromagnética com €nfase para a regido das micro-ondas.

O sensor utilizado para obtengdo das imagens de radar ¢ um instrumento que fica acoplado a uma
plataforma que pode ser uma aeronave ou um satélite. O processo de imageamento € ativo, pois a
antena do sensor emite e capta pulsos de radiacao eletromagnética no intervalo do comprimento de
onda das micro-ondas (1 cm a 1 m, cuja freqiiéncia corresponde a faixa de 0,3 GHz a 30 GHz) que
retornam a antena apds interagdo com a superficie terrestre. Atualmente o principal sistema de
radar imageador ¢ o Radar de Abertura Sintética (SAR), cujo funcionamento serd explicado
adiante.

Os pulsos emitidos pela antena dos radares imageadores costumam estar entre as frequéncias de 1
a 2 GHz, correspondente a banda L das micro-ondas. Na superficie terrestre esses pulsos sdo
retroespalhados em varias diregdes, sendo parte deles refletidos de volta para a antena do radar. Os
pulsos retroespalhados atingem a antena do radar na forma de ecos enfraquecidos em relagdo aos
pulsos emitidos e sdo recebidos com uma polarizacao especifica, horizontal ou vertical, nao tendo
necessariamente a mesma polarizacdo dos pulsos emitidos. Os ecos captados sdo convertidos em
sinais digitais que posteriormente sdo processados para compor a imagem de radar.

Cada pixel da imagem de radar representa o retroespalhamento das micro-ondas para uma
determinada 4rea na superficie terrestre. Areas escuras na imagem de radar representam baixo
retroespalhamento das micro-ondas, enquanto que areas claras indicam o contrario, ou seja,
significam que grande parte da energia das micro-ondas foi refletida na direcao da antena do radar.




O retroespalhamento para um determinado comprimento de onda das micro-ondas varia,
basicamente, conforme o tamanho dos objetos na superficie terrestre, a diversidade dos objetos, a
polarizagdo dos pulsos, o angulo de incidéncia dos pulsos e a direcdo dos corpos na superficie
terrestre. Areas que possuem objetos com tamanho similar ao comprimento de onda utilizado pelo
radar (15 a 30 cm no caso da banda L) tendem a aparecer mais claras nas imagens devido ao maior
retroespalhamento, enquanto que as areas onde ocorrem objetos menores que o comprimento de
onda aparecem escuras.

Portanto, quanto maior o retroespalhamento das micro-ondas numa dada regido, mais clara sera
essa area na imagem de radar, correspondendo a uma superficie mais aspera/rugosa. A vegetagao,
por exemplo, geralmente se comporta como uma superficie dspera em relagdo aos comprimentos
de onda utilizados pela maioria dos radares e aparecem em cinza ou cinza claro nas imagens de
radar.

As superficies planas que refletem pouca radiagdo para a antena do radar aparecerdo mais escuras
nas imagens de radar como, por exemplo, as estradas. As edificagdes que ndo estdo orientadas de
forma a refletir a radiagdo diretamente para o radar aparecerdo em tons de cinza claro, como se
fossem superficies dsperas. Outra situagdo comum ¢ quando a radiagdo refletida nas ruas se soma
a radiacdo refletida pelas edificacdes devido a orientacdo espacial desses objetos e retorna direto
para a antena do radar, o que resulta em tons muito claros (branco) nas imagens de radar.

Superficies inclinadas na dire¢do do radar serdo mais claras nas imagens por terem um
retroespalhamento maior do que aquelas superficies que ndo sdo atingidas pelas micro-ondas do
radar por estarem situadas, por exemplo, atrds de uma montanha.

Outro fator que influencia no retroespalhamento da radiagdo sdo as propriedades elétricas dos
alvos, incluindo o teor de 4gua. Objetos umidos aparecem mais claros, enquanto que objetos secos
aparecem escuros nas imagens. Entretanto, corpos d’agua com superficie lisa (sem marolas) irdo
refletir a radiagdo para longe da antena do radar (dngulo de incidéncia = &angulo de reflexdo) e
serdo escuros na imagem.

O angulo de incidéncia da radiacdo emitida pelo radar também influencia no retroespalhamento.
Quanto mais perpendicular a superficie maior o retroespalhamento, que tende a diminuir com o
aumento do angulo de incidéncia.

Por fim, o retroespalhamento também varia conforme a polarizagdo da radiagdo emitida. Alguns
radares do tipo SAR emitem radiagdo micro-ondas tanto com a polarizagao horizontal (H) quanto
vertical (V) e recebem os pulsos refletidos com polarizagio H ou V. Logo, temos as seguintes
possiveis combinagdes HH (emissdao H, recep¢do H), VV, HV e VH.




2. O Satélite ALOS

O termo ALOS vem do inglés Advanced Land Observing Satellite ou Satélite Avancado de
Observacao da Terra. Em japonés seu nome ¢ DAICHI. O satélite foi lancado em 24/01/2006 do
Centro Espacial de Tanegashima no Japao com o foguete H-IIA. Foi projetado para funcionar por
um periodo de trés a cinco anos.

Compode o grupo dos satélites japoneses de observacdo dos continentes, sucedendo os satélites
JERS-1 (Japanese Earth Resouces Satellite — 1) e o ADEOS (Advanced Earth Observing
Satellite). Foi criado para ser usado para cartografia, monitoramento e explora¢do de recursos
naturais e monitoramento de desastres (figura 2).
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Figura 2: Satélite Avancado de Observacao da Terra - ALOS. Fonte: JAXA

O ALOS ¢ um dos maiores satélites de observagdo da Terra. Tem peso de aproximadamente 4
toneladas e tamanho de 3,5 metros de largura, 4,5 metros de comprimento e 6,5 metros de altura e
o seu painel solar mede 22 x 3 metros. A velocidade de transmissdao de dados ¢ de 240 Mbps por
DRTS (Data Relay Test Satellite) ou de 120 Mbps por transmissdo direta da estacdo. Em
22/04/2011, o satélite ALOS parou de funcionar, encerrando seu ciclo de vida util. Ha a previsao
de langamento do satélite ALOS2 até 2013.

O satélite possui orbita heliossincrona e funciona a uma altitude de 691,65km na linha do Equador
a uma inclinagdo de 98,16 graus. Sua resolucao temporal ¢ de 46 dias, com subciclos de dois dias.
Assim, a cada ciclo de 46 dias o satélite passa por 671 orbitas, compondo assim oito ciclos por
ano. No primeiro ano, os primeiros ciclos (1 e 2) serviram para a realizacdo de testes de avaliagao




do satélite, os ciclos 3 a 6 serviram para testes de calibracao e validagdo e, a partir do 7° ciclo
foram iniciadas as aquisi¢cdes de imagens de acordo com a estratégia de observacao da JAXA.

O satélite tem trés instrumentos de sensoriamento remoto, sendo dois sensores Opticos (PRISM e
AVNIR2) e uma antena PALSAR.

2.1 O Sensor PRISM

O instrumento PRISM — Panchromatic Remote-sensing Instrument for StereoMapping ou
Instrumento de Sensoriamento Remoto Pancromatico para Mapeamento Estéreo consiste em um
conjunto de trés telescopios pancromaticos de 2,5 metros de resolugao espacial. Tem capacidade
de visada dianteira, traseira e nadir, utilizadas para criagdo de pares estereoscopicos e modelos
numéricos de terreno de alta precis@o. O telescopio que imageia em nadir cobre uma faixa de 70
km ao passo que os demais cobrem faixas de 35 km de largura cada. O comprimento de onda deste
instrumento ¢ de 0.52~0.77 micrometros ¢ a codificagdo é de 8 bits.
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Figura 3: Caracteristicas do PRISM - Instrumento de Sensoriamento Remoto Pancromatico para
mapeamento estéreo. Fonte: JAXA

2.2 O Sensor AVNIR

O instrumento AVNIR2 — Advanced Visible ande Near Infrared Radiometer type 2 ou Radiometro
Avancado para Regides do Visivel e Infravermelho Proximo Tipo 2, possui 4 bandas com os
seguintes comprimentos de onda:B1=0.42~0.5 mm (Azul), B2=0.52~0.60 mm (Verde),
B3=0.61~0.69 mm (Vermelho), B4=0.76~0.89 mm (Infravermelho proximo). Torna possivel a
producao de imagens multiespectrais coloridas classicas, como as do LANDSAT e SPOT, com
resolucdo espacial de 10 metros. A faixa imageada ¢ de 70 km em nadir e o sensor pode ser
dirigido para imagear faixas laterais a sua Orbita quando necessario. Sua codificacdo, assim como
o PRISM, ¢ de 8 bits.
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Figura 4: Caracteristicas do sensor AVNIR-2 - Radidmetro Avancgado para Regides do Visivel e
Infravermelho Proximo Tipo 2. Fonte: JAXA

2.3 O Sensor PALSAR

O instrumento PALSAR — Phased Array type L-band Synthetic Aperture Radar é um radar de
abertura sintética (SAR) que opera em banda L, com resolu¢do de 10 a 100 metros. Pode produzir
imagens em trés modos: Fine Resolution Mode, ScanSAR Mode e Polarimetric Mode.

No modo ScanSAR a faixa de imageamento ¢ de 250 a 300 km, 3 a 5 vezes mais larga do que
instrumentos SAR convencionais. Ja nos modos Fine e Polarimetric as faixas sdo de 40 a 70 km e
20 a 65 km respectivamente. A resolucdo espacial pode variar de 7a 88 metros no modo Fine, de
24 a 89 metros no modo Polarimetric ¢ tem 100 metros no modo ScanSAR. Além disso, a
polarizacao ¢ diferente para os trés modos: I) no ScanSAR a polarizacao pode ser HH ou VV, II)
no modo Fine pode ser HH ou VV ou HH+HV ou VV+HV e III) no modo Polarimetric, o mais
completo nesse quesito, a polarizacdo pode ser HH+HV+VH+VV.
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Figura 5: Caracteristicas do sensor PALSAR-2 - Radar de abertura sintética que opera em banda L. Fonte:
JAXA
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3. Introdugao a Polarimetria

3.1 Polarizacéo

A polarizacao ¢ definida como “a orientacdo segundo a qual oscila, no tempo, o vetor campo
elétrico (E) da onda eletromagnética” (Correia et al., ). Ja a polarimetria de radar aplicado em
sensoriamento remoto ¢ definida como “o controle das propriedades polarimétricas
(comportamento da direcdo elétrica de campo) de ondas de radar e a extracdo de suas propriedades
de destino a partir do comportamento de espalhamento (refletido) de ondas de um alvo” (Boerner

et al., 1998).
A polarizacao pode ser classificada em trés formas de transmissao: linear, circular e elipsoidal.

A transmissdo ¢ dita linear quando a orientacdo do campo elétrico (E,) varia segundo um unico
plano, que pode ainda ser horizontal ou vertical. A onda eletromagnética ¢ dita horizontalmente
polarizada quando o vetor do campo elétrico ¢ perpendicular ao plano de incidéncia da onda
(plano que contém o vetor normal a superficie e o vetor de propagacdo da onda) ou de maneira
geral, quando o vetor do campo elétrico ¢ paralelo a superficie imageada (figura 6).

-

3 $=90°

1

Figura 6: Polarizagdo do tipo linear e horizontal em relagdo ao campo elétrico (E,) e ao tempo (t). Fonte:
RESTEC

Para uma onda plana, o comprimento do vetor campo elétrico (E,) define a amplitude da onda; a
velocidade de rotacdo estabelece a freqiiéncia da onda, enquanto que a orientacdo e a forma
geométrica tragada pela ponta desse vetor determinam a polarizagdo da onda.

Uma onda eletromagnética pode ser polarizada (uma sendide monocromatica com freqiiéncia
constante e amplitude estavel caracteriza uma onda totalmente polarizada), despolarizada (com
polarizacdo aleatoria) ou, ainda, apresentar um comportamento intermediario entre esses dois
extremos, caracterizado por certo grau de polarizagao.

Para as ondas circulares e elipticas, o vetor campo elétrico (E) trabalha em forma de rotagdes
(horario ou anti-horério), variando pelo angulo de orientacao (') e a elipsidade ().
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Figura 7: Polarizagdo circular (figura maior) e em elipse (figura menor). Fonte: Correia, 2008.

Segundo Andrade et al. (2007), os radares transmitem micro-ondas polarizadas horizontal ou
verticalmente que geram ondas retroespalhadas com uma variedade de polarizagdoes. As
polarizagdes podem ser sintetizadas a partir da combinacdo adequada de componentes vertical e
horizontal, podendo existir quatro tipos de combinagdes de polarizagdes transmitidas e recebidas:

HH — recepgao e transmissao horizontal;

VV —recepgdo e transmissao vertical;

HYV — transmissdo horizontal e recepcao vertical e;
VH - transmissao vertical e recep¢do horizontal.

A interagdo dos objetos na superficie terrestre com as micro-ondas tem relacdo direta com a
polarizacao incidente (Kuplich, 2003). Se os objetos em questdo possuem uma orientagdo vertical
(ex.: plantios de cana de actucar), a interagdo com micro-ondas na polarizacao vertical sera maior,
assim como o eco gerado (coeficiente de retroespalhamento = o).

Entretanto, os objetos ou superficies espalhadoras podem ter a capacidade de despolarizar a onda
incidente e gerar um eco numa polarizagdo distinta a enviada, isto gracas aos mecanismos de
espalhamento (grau de penetracdo da onda, angulo de incidéncia) e fatores que alteram o
comportamento do objeto.

SN

(a) (h)




Figura 8: Tipos de superficie que alteram o coeficiente de retroespalhamento (backscatter): (a) liso ou
especular, (b) rugosa ou difuso, (c) lisas e reflexdo de canto (double-bounce). Adaptado de Kuplich, 2003.

3.2 Fatores que influenciam o coeficiente de retroespalhamento (o)
Mecanismos de espalhamento;

Orientacao dos elementos difusores do dossel;

Em relagao ao alvo:

constante dielétrica do alvo (ex.: umidade),

tamanho,

forma,

Orientagdo do alvo (ex.: Orientacdo da folha);

Em relacdo a superficie:

a rugosidade,

constante dielétrica da superficie (caracteristicas do solo, no caso do estudo da vegetacdo — figura
8). Solos mais imidos apresentam maior coeficiente de retroespalhamento,

geometria de distribui¢cdo dos elementos difusores (no caso de um dossel agricola - direcdo e
espacamento das linhas de plantio da cultura, porcentagem de cobertura, altura da planta, etc —
figura 9).

Figura 9: Fatores que alteram o coeficiente de retroespalhamento do objeto em questdo (plantagdo de
milho). Fonte: Correia, 2008.

3.3 Potencial de Uso de Imagens Polarimétricas em Exames Periciais

Atualmente, o uso de imagens ALOS-PALSAR pelos Peritos ¢ aplicado principalmente na
deteccao de desmatamentos de forma complementar aos sensores opticos (LANDSAT, CBERS).
As pericias em desflorestamentos tém foco na andlise visual em areas restritas, especialmente
durante a estagao chuvosa.
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Figura 10: Comparagdo do desflorestamento utilizando imagem ALOS-PALSAR, polarizagdo HV (figura
da esquerda) e imagem CBERS 2B, sensor HRC (figura da direita), em uma propriedade rural localizado
no Municipio de Labrea-AM. (Laudo n° 329/2011 - INC/ DITEC/DPF), ambas de 2008.

Em estudos mais complexos, a diferengca de comprimento de ondas entre as Bandas X
(comprimento de onda entre 3,75 a 2,40 cm) e P (comprimento de onda entre 136 a 77 cm) ¢
utilizado  para estimar, quantitativamente, a biomassa da Floresta = Amazonica

(http://www.cartografia.org.br/boletim/Boletim62.pdf).

OJ MAPEAMENTO DA AMAZONIA

BANDA X * Ondae nao atingem a superficia do terrenc.
» Cartas topograficas tdm como referéncia a copa das arvores.

= Ondas ultrapassam copa das &voras @ atingam superficie do solo.
= Cartas topograficas tdm como referSncia a suparficie do tarmsno.

Figura 11: Apresentagdo do Exército detalhando o mapeamento cartografico da Amazonia com o uso de
sensores de radar nas Bandas X e P, possibilitando a estimativa da biomassa (Disponivel em:
http://www.cartografia.org.br/boletim/Boletim62.pdf).

De acordo com Soler (2000), imagens de radar (Satélite RADARSAT-1, banda-C, polariza¢ao
HH) foram utilizadas para detectar manchas de petrdleo no oceano, obtendo bons resultados
(figura 12).
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Fig. 5.12 — Recorte da imagem ScanSAR Wide de 15/07/97 original (superior), onde as
cores das setas estdo relacionadas as seguintes classes: vermelho — éleo.
verde — agua, branco — baixa de vento e preto — embarcagao/platatorma.

Figura 12: Identificacdo de manchas de 6leo no oceano utilizando sensores de radar. Imagem extraida de
Soler(2000).

Wrsiiser SARSSIPANE ¢ osz“eos
Rcm ewmi e § metros

Figura 13: Utilizacdo de imagens de alta resolugéo para delimitacdo de poligonos de desmatamento - a
esquerda imagem SAR utilizando polarimetria (R:HH. G:HV, B:VV) do sensor aerotransportado (R-99B)
do SIPAM e a direita imagem Otica do satélite FORMOSAT. Imagens extraidas do Laudo Pericial Criminal
n° 188/2011 — SETEC/SR/DPF/AC.
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4. Programa PALSAR Viewer V 1.8.3

4.1 Apresentacao

O programa PALSAR Viewer foi desenvolvido pelo Engenheiro Makoto Ono, Perito Sénior do
convénio DPF/IBAMA/JICA que atua junto ao Remote Sensing Technology Center of Japan -
RESTEC (www.restec.or.jp).

Este programa ¢ utilizado para manipula¢io de dados PALSAR. E possivel identificar, mensurar e
analisar os valores de pixel (estatisticas), retificar a imagem utilizando dados SRTM
(ortorretificacdo), delinear poligonos e exporta-los para o formato KML (Google Earth), bem
como, realizar interpretacao preliminar dos dados PALSAR.

Neste manual haverd direcionamento para a identificagdo e download de imagens ALOS, em
especifico as imagens ALOS PALSAR nivel 1.5 de processamento. A maioria das imagens ALOS
obtidas por meio do Projeto de Cooperagio DPF/IBAMA/JICA possuem este nivel de
processamento e sdo de areas da Amazonia Legal.

Com este Manual, espera-se, familiarizar os Peritos Criminais Federais com informacdes espaciais
desta natureza para aplicagdo nas Pericias Criminais executadas pelo Departamento de Policia

Federal. A versdo do programa referenciada neste Manual ¢ a 1.8.3.

4.2 Obtencao de Imagens ALOS PALSAR
Atualmente existem diferentes fontes oficiais das imagens ALOS PALSAR. Neste manual sera
descrita a forma de obtencdo destas imagens via INTELIGEO,

http://www.inteligeo.ditec.dpf.gov.br/portal/, conforme ilustrado na figura 14.
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Figura 14. Imagem ilustrativa da pagina inicial do sitio eletronico do INTELIGEO.
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Este Manual ndo abordara todas as ferramentas disponiveis no INTELIGEO que serdo objeto de
produto especifico. No contexto deste manual concentraremos os detalhes apenas nas imagens
ALOS.

Clicando-se no link “Mapa principal” na pagina inicial do INTELIGEO, acessa-se a interface

grafica do sistema ilustrada na figura 15.
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Figura 15. Imagem ilustrativa da interface grafica do INTELIGEO.

4.3 Utilizando o INTELIGEO

O mapa do Brasil ilustrado na pagina inicial do INTELIGEO traz algumas informag¢des padrado
como, por exemplo: a imagem utilizada como fundo, os limites estaduais, as unidades de
criminalistica (INC, SETC, NUTEC e UTEC), além das unidades do DPF.

No canto superior direito da tela ha um conjunto de palavras, tecnicamente nominadas “map
switcher”, que permitem alterar a imagem de fundo do INTELIGEO e saber quais sdo as camadas
disponiveis para visualizacdo, bem como, ativar/desativar estas camadas. Entre as diferentes
imagens de fundo disponiveis, hd um mapa com informacdes altimétricas. Passando-se o ponteiro
do mouse sobre a palavra “Mais”, é apresentada a lista de pastas que contém camadas que podem
ser ativadas/visualizadas pelo usudrio. A figura 16 ilustra estas informagoes ressaltadas pela seta

vermelha.
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Figura 16. Imagem ilustrativa das pastas existentes no menu “Mais”.

Atualmente, as pastas disponiveis para visualizagdo sdo: Dados DPF, Pericias de Engenharia,
Pernambuco, Areas protegidas, Aspectos fisicos, Imagens de satélite, Infra-estrutura, Limites e
cidades, Propriedades rurais. As pastas que contém camadas visiveis por padrdo estdo em negrito.

A figura 17 ilustra esta informacao.

T Wncit Fireion ]
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1% Unigades os ©
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Imagens ESRI Imagens Bing

w = Legowie
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M Exiract

M Pericias de Engenhana

R

Figura 17. Imagem ilustrativa das camadas existentes na pasta Dados DPF.
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4.4 Identificando e baixando Imagens PALSAR

Inicialmente, para identificar quais imagens estdo disponiveis no INTELIGEO, ¢ preciso habilitar
a pasta “Imagens de satélite” no menu “Mais”. Feito isso, pode-se expandir esta pasta, tornando
visivel o conteido da mesma. Estd disponivel para visualizacdo e download grande acervo de

imagens de diversos sensores. A figura 18 ilustra estas informacdes.

T =T
Hrguva. okt Giba Hatous: Fepontos femmmentss Apan

Wais... Imagens ESRl Imagens Bing

! Imagens de satélite

SIPAM - ING

Figura 18. Imagem ilustrativa das camadas existentes na pasta Dados DPF.

Para visualizar quais imagens estdo disponiveis basta alterar o zoom, por meio do menu de zoom
localizado na porcao superior a esquerda da pagina e/ou por meio do botdo de rolagem do mouse.
Para identificar as fei¢cdes, imagem de satélite, deve-se utilizar a ferramenta localizada na por¢ao
superior da pagina: . Clicando no icone retro mencionado, habilita-se a caixa de ferramentas
“Identificar” que possibilita a identificagdo por feigao: ponto, linha, retangulo e poligono. A figura

19 ilustra estas informacdes, ressaltadas pela elipse amarela.

ey T RS
g A
% Pigns s e 00) ctae st [

Figura 19. Imagem ilustrativa da ferramenta para identificacdo das imagens ALOS disponiveis.
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Selecionando-se com qual feicao deseja-se proceder a identificagdo e deve-se clicar sobre a
imagem que recobre a regido de interesse. O conjunto de informagdes, metadados da imagem
selecionada, inclusive o link para download, ¢ apresentado na propria caixa de ferramentas

“Identificar”. A figura 20 ilustra estas informacdes, ressaltadas pela elipse amarela.

F Wi Fattas
B [dess Egbe iabice Fijodtor Feramentss Aude :
e TR m———

E5Fig

Figura 20. Imagem ilustrativa dos metadados da imagem selecionada na caixa de ferramentas “Identificar”.

Além dos resultados, metadados, apresentados na caixa de ferramentas “Identificar”, pode-se
encontrar o nome da imagem, a fonte, a data de obtencdo, a polarimetria, a resolucdo, o nivel de
corregdo (georreferenciamento), além do ja& citado link para download em janela adicional no

centro da pagina do INTELIGEO. A figura 21 ilustra estas informagdes, ressaltadas pela elipse

amarela.

—— e~

€SFi [

Figura 21. Imagem ilustrativa da janela aberta para apresentagdo dos metadados da imagem selecionada.

4 20



Clicando-se no link para download abre-se uma nova janela/aba do navegador utilizado
apresentando os dados referentes a cena selecionada disponiveis para download. Nesta pagina, o
usuario deve selecionar para download e processamento no software PALSAR Viewer a imagem
original que estd gravada em formato compactado (*.zip). O arquivo deve ser salvo
preferencialmente em uma pasta criada diretamente na raiz C:\. A figura 22 ilustra esta

informacao.

N

ﬁ ATPSEPOS0E20000-H1.5GUA original zip 11-Sep-2010 15:13 92M

Figura 22. Imagem ilustrativa da pagina onde sdo apresentadas as informagdes disponiveis para download.

4.5 Iniciando o PALSAR Viewer
O programa PALSAR Viewer ndo necessita ser instalado. Para iniciar a utilizagdo recomenda-se
que seja criada uma pasta na raiz do C do computador. Esta pasta deve conter o aplicativo

conforme ilustra a figura 23.

@C}-ﬂ v Cornputador » DiscoLocal (C)) » PALSAR VIEWER | 4 || Pesquizar o
Arguive  Editar  Exibir  Ferramentas  Ajuds
; icgo ~ [N Abrir W Email 1 Gravar

[ MNome = Modificado em Tipo Tamanho I
E tocimaits EPALSAR_V\eweer.SB.a(e 09/11/201015:21  Aplicativo 1068 KB
Pictures
b Nhsic
Mars »
Pastas 2
B Desktop =
[ Lucianio Lamper Martinez I
| Piblico
1% Computador
=4 Unidade de Disquete (&)
£ Diccal peal i =1 i = ’
PALSAR ViewerV18.3.exe Modficaoo erry 09/11/2010 15:21

Aplicative

b 1,04 MB
acae 30/03/2011 11:10

Figura 23. Imagem ilustrativa da pasta criada contendo o aplicativo PALSAR Viewer.
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Para iniciar o aplicativo, basta clicar duas vezes no icone do mesmo

(PALSAR ViewerV1.8.3.exe). Surgira entdo a janela ilustrada na figura 24.

Lisense Valid:  No

Clickme |

Figura 24. Imagem ilustrativa da janela de abertura do programa PALSAR Viewer.

Clicando em “Click me” surgird a janela inicial ilustrada na figura 25:

Figura 25. Imagem ilustrativa da janela inicial do programa PALSAR Viewer.

4.6 Abrindo imagens PALSAR

O programa PALSAR Viewer ¢ utilizado para abertura, andlise e correcao geométrica de imagens
ALOS PALSAR nivel 1.5, tanto de polarimetria simples quanto multipolarimétrica.

Para abrir a imagem PALSAR, clicar no Menu File > Open Palsar L1.5 File (figura 26):
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View Help Test(T)
Open Palsar LL5 File

Open FBD as Color Composite
MuttiTemporal L1.5 Composite

General GeoTif Open
Open Full Polarimetry PLS

Open ScanSAR File
Open Multi Temporal ScanSAR Files

Open Palsar L1.1 File
Open Palsar Pol 1.1 File

Print Setup...
Recent File

Exit

Open an existing document e
Figura 26. Imagem ilustrativa da janela de abertura da imagem PALSAR.

Surgird uma janela onde a imagem desejada deve ser seleciona conforme ilustra a figura 27:

Figura 27. Imagem ilustrativa da janela para selecdo da imagem PALSAR.

4.7 Alterando o Zoom da imagem

Clicando no Menu View > Image Scale pode-se alterar o zoom da imagem (figura 28):
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I PALSARViewer - IMG-HH-ALDSRIIG3566560-HI 5_UA = |
File it W] Window Help Polygan Demfile Ortho Conversion  TEST
:'.ﬁ'lMEJ- Image Scale b v oax L o
Image Brightness | 12

Figura 28. Imagem ilustrativa da janela de alteragdo do zoom da imagem Palsar.

4.8 Localizacao do Pixel e Estatisticas

Clicando com o mouse em qualquer ponto da imagem sdo exibidos na barra de status inferior as
seguintes informacdes: Endereco do pixel (Pixel Address), Valor digital do pixel (Pixel Digital
Number), Sigma0 e Coordenadas Geograficas (No Menu View, a op¢do Geo Disp Model (d<-

>d,m,s) deve ser marcada para exibi¢cdo da coordenada em d°m’s’’, figura 29).

p=450.0, 1=219.0, pw=6885, sigmal=-6.12dB

lat=15: 45': 3.71"5, lon=48: 17": 8.61"W

Figura 29. Imagem ilustrativa da localizac@o do pixel e estatisticas.

4.9 Alteracgéo do Brilho da Imagem

No Menu View > Image Brightness > Set Intensity, pode-se alterar o brilho da imagem (figura
30):
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A tecla “B” aumenta o brilho e a tecla “N” diminui.

Estas opgOes ndo alteram a imagem original.

Ha a opcdo para aplicar em toda imagem “Apply Intensity....”

Figura 30. Imagem ilustrativa da alteragdo de brilho da imagem.

4.10 Menu Polygon

Clicando no Menu Polygon visualiza-se as diferentes opcdes disponiveis: exibicdo do
identificador do poligono, exclusdo de um ou todos poligonos, exportacdo de poligonos,

conversdao (exportacdo) para KML, estatisticas da regido do poligono, geracdo de tabela,

exportacdo e importacdo de geopoligonos (figura 31).

T DALSAR Viwwrme T -4ib3 ALRSSYTEGAB50-HL S UN
e T2 View  Windew ety [Bohgon) Demfde Otthe Convrosn  TiST

Polygen Nunsbes GO
Delete a Pleyon

Dedere Al Padygon

Ouput All Pokgon to Fil
Ot Al Pabgon tisen Fi
Convert pety to FML

Matadics e frdgpen swquon

Tebulste All Pokygoo dats

Figura 31. Imagem ilustrativa das opg¢des disponiveis no Menu Polygon.

4.11 Delimitagao de Poligonos

Para delimitar poligonos, basta manter pressionada a tecla “t” e desenhar com o mouse, limite

vermelho, conforme ilustrado na figura 32.
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Figura 32. Imagem ilustrativa do delineamento de poligonos.

Para fechar o poligono pressionar a tecla “r”. O limite ficara amarelo (figura 33).

Figura 33. Imagem ilustrativa do fechamento de poligonos.

4.12 Ativar/Desativar Poligonos

Para tornar um poligono inativo (amarelo) em um ativo (vermelho), ou vice-versa, basta manter

pressionada a tecla “a” e clicar no interior do mesmo (figura 34).

Figura 34. Imagens ilustrativas da ativagdo e desativacao de poligonos.
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4.13 Estatisticas de Poligonos
No Menu Polygon > Statistics of polygon region, pode-se visualizar o valor médio, Sigma0, dos
“pixels” contidos no(s) poligono(s) ativo(s) e o desvio padrao. O(s) poligono(s) precisa(m) estar

ativo(s), ou seja, vermelho(s). Esta op¢ao esta ilustrada na figura 35.

| B 5 i G MU ALPSRPSTSE2E0 05 U] = e e
B fite Edu yew Yiinsow tes [Polygen) DemFle et Conversion  TEST
Polygon Number OrvOf

Delets 2 Playgon

Delete Al Potygon

Duput Al Polygan 1o File
Tnput All Polygon from File
Convert pely 1 KMl
Seatiatics ot polygon regin
Tabulsts A% Palygon ats
Expart Gee Poly to File
Import GeaPoly from Fie

Figura 35. Imagem ilustrativa do fechamento de poligonos.

Os valores calculados sdo exibidos na barra de status inferior (figura 36).

[ G ek A o
Bl E Vwew Vndww Helg Pohgen Dewhiv Orihe Cowensin: TE5!

.

{s =
l poly #ves 367140, stdeved 27960

Figura 36. Imagem ilustrativa das estatisticas da regido do poligono ativo.

4.14 Converséao (exportacao) de Poligonos para KML

No Menu Polygon > Convert poly to KML ¢ possivel converter o(s) poligono(s) criado(s) para o
formato KML do Google Earth (figura 37).
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[Polygon ] DemFile Ortho Conversion _TEST

Polygon Number On/Off

Delete a Pioygon
Delete All Polygon

Ouput Al Polygon to File
Onput All Polygon from File
Convert poly to KML
Statistics of polygon region
Tabulate All Polygon data
Export Geo Poly to File
Import GeoPoly from File

Figura 37. Imagem ilustrativa da conversdo/exportagdo de poligonos para KML.

4.15 Visualizacéo de Poligonos, formato KML

No aplicativo Google Earth ¢ possivel visualizar o arquivo KML exportado.

E importante salientar que este arquivo KML, assim como as imagens PALSAR nivel 1.5, estdo
apenas georreferenciados. Ao visualizar o arquivo KML no Google Earth serd notoério o
deslocamento deste em relacdo a imagem referéncia deste aplicativo. Este deslocamento ¢ devido

a distorcao, foreshortening = encurtamento, da imagem PALSAR (figura 38).
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no aplicativo Google Earth.
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4.16 Ortorretificacao (correcdo do foreshortening) utilizando dados SRTM

No programa PALSAR Viewer ¢ possivel ortorretificar as imagens PALSAR (correcdo de
distor¢do, foreshortening) utilizando DEM - Digital Elevation Model (Modelo Digital de
Elevagdo), em especifico dados SRTM (Shuttle Radar Topographic Mission).

No Menu DemFile > Show Dem List verifica-se quais arquivos SRTM e Geoid Data File sao

necessarios para execu¢do desta acdo (figura 39).

Figura 39. Imagem ilustrativa dos arquivos SRTM e Geoid Data File necessarios para ortorretificacdo.

4.17 Obtencdo dos arquivos SRTM necessarios para Ortorretificacdo

O programa PALSAR Viewer V1.8.3 permite a manipulagdo dos dados SRTM mais atualizados,
dados SRTM versao 4, na qual, os erros de imageamento relacionados ao relevo ja foram
corrigidos. Estes dados SRTM podem ser obtidos no sitio eletronico (figura 40):

http://srtm.csi.cgiar.oreg/SELECTION/inputCoord.asp

| e S

. Dha i — ol e DL | Vet g o || msnd 2t Nukna) gyl | e s - ok
¢ hitpe/ tavten csixmpiar. ! SET ECTION inputCoondarey o[- IS

P fickancg wha roReR [atarnal Evphorar, SAte LA the “ChAGE fhr haWAr varcas oF Stomd Lh3e) LAMING In Semings Tab i IAtemat Dptisne

o= for St feces

Figura 40. Imagem ilustrativa da pagina utilizada para obteng@o dos arquivos SRTM.
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Nesta pagina ¢ possivel realizar buscas e downloads de duas formas:
1. Inserindo coordenadas geograficas (DDD ou DMS);
2. Selecionando a area de interesse no mapa.
Como os dados SRTM cobrem grandes extensoes territoriais, sugere-se a selecao visual no mapa

conforme ilustrado na figura 41 e ressaltado pela seta vermelha.

W Tiea e TR 5713
=

Figura 41. Imagem ilustrativa dos arquivos SRTM necessarios para ortorretificagao.

Apos a selecao da area que recobre a localizagdo da imagem a ser ortorretificada, deve-se clicar no
botao amarelo, “Click here to Begin Search”, ressaltado pela elipse vermelha na figura 41. Apds o
processamento surgird a pagina ilustrada pela figura 42. Na por¢do inferior desta pagina sao
apresentadas as opg¢des de download dos dados SRTM, conforme ilustra a figura 42 destacadas

pelas elipses vermelhas.

>
e SHTM Seach fiesusts - Galll .l e *q escnsenetns g Secmansde P | ‘

PR ey — S 5.l

Figura 42. Imagem ilustrativa das opgdes de download dos arquivos SRTM.
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BIZU para saber se os dados SRTM selecionados na pagina em questao sdo mesmo aqueles
necessarios para Ortorretificacdo da imagem. Verificar no Menu DemFile > SRTMV4 > 1 deg
Unit dem qual € o arquivo requerido pelo PALSAR Viewer, deve ser o mesmo baixado seguindo o
procedimento retro detalhado.

O arquivo SRTM estd compactado (*.zip). Sugere-se que seja descompactado em subdiretério

interno aquele onde estd armazenada a imagem, conforme ilustra a figura 43.

Figura 43. Imagem ilustrativa do subdiretorio SRTM, interno ao diretério que contém a imagem.

4.18 Obtencéo dos arquivos Geoid Data File necessarios para Ortorretificacio
As informagdes sobre o “Geoid Data File” podem ser obtidas no seguinte sitio eletronico:

http://earth-info.nga.mil/GandG/wgs84/gravitymod/eegm96/binary/binarygeoid.html

A figura 44 ilustra este procedimento.

Figura 44. Imagem ilustrativa da pagina utilizada para obtencdo dos arquivos Geoid.

Nesta pagina deve-se baixar o arquivo WWISMGH.DAC. Este arquivo deve ser copiado no
mesmo diretorio SRTM supracitado e ilustrado na figura 43.
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4.19 Processo de Ortorretificacdo

O Menu DemkFile > SRTMV4 > 1 deg Unit dem do PALSAR Viewer, utilizado anteriormente
para conferir se o arquivo SRTM selecionado ¢ mesmo aquele necessario para ortorretificacao,
serd utilizado agora para converter os dados SRTMV4 para SRTM de primeiro grau (figura 45).
Ap0s clicar no Menu indicado, surgira uma janela onde deve-se apontar para o diretério onde o

arquivo SRTM foi descompactado.

Figura 45. Imagem ilustrativa da conversdo de arquivos SRTM.

Em seguida, no Menu Ortho Conversion > Palsar Lev1.5 to Ortho inicia-se o processo de corre¢do

do foreshortening, ortorrefiticacao (figura 46).

ML PALSER, Vypwwer - (RATG-H4- AL PSR GR35, UA| = |
B He Ee Veew Windaw Melp Polygon  Demile [Griho =

Figura 46. Imagem ilustrativa do inicio do processo de ortorrefiticacao.
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Na janela seguinte escolhe-se 0 nome do arquivo e a pasta de destino para geracdo da imagem

ortorretificada. O formato neste processo € o geotiff (figura 47).

Figura 47. Imagem ilustrativa da janela onde ¢ definido o nome e destino do arquivo ortorretificado.

Na proxima janela que surgir, basta selecionar, um a um, os arquivos “*.hgt” (SRTM) e “*.dac”
(geodide) solicitados (estes arquivos devem ter sido previamente obtidos nos sitios eletronicos

supracitados, seguindo-se os procedimentos anteriores a este 4.17 e 4.18) (figura 48).

Figura 48. Imagem ilustrativa da janela onde sdo selecionados os arquivos “*.hgt” e “*.dac”.

O processamento iniciard automaticamente e pode ser acompanhado na barra de status inferior.
Terminado o processamento, pode-se carregar a imagem ortorretificada a partir do Menu File >

Open Pair Geo Tif (figura 49).
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Figura 49. Imagem ilustrativa do procedimento para abertura da imagem ortorretificada.

A tecla “v” permite alterar entre a imagem original, georreferenciada e a imagem ortorretificada.

Executando os procedimentos anteriormente descritos para delimitagao de poligonos e exportagao

para KML, pode-se verificar o perfeito ajuste entre a imagem ortorretificada e a imagem utilizada

pelo aplicativo Google Earth (figura 50).
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Figura 50. Imagem ilustrativa da visualizagdo do poligono exportado, KML, no aplicativo Google Earth.
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4.20 Composic¢do Polarimétrica

Quando ha disponibilidade de imagens de mais de uma polarimetria; HH, HV, VV; pode-se
carregar as bandas nos canais R (Red) e G (Green) e gerar uma imagem em composic¢ao colorida.
Este procedimento ¢ executado clicando-se no Menu File > Open FBD as Color Composite > New

Composite (figura 51).

Figura 51. Imagem ilustrativa da abertura de imagens multipolarimétricas.

Na janela escolhe-se qual das polarimetrias estara no canal R e no canal G (figura 52).

Figura 52. Imagem ilustrativa da selecdo da polarimetria/canal R e G.

O resultado apresentado ¢ semelhante a este ilustrado na figura 53:
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Figura 53. Imagem ilustrativa da composi¢do colorida HH/Red e HV/Green.

Apos a geragdo da composicao colorida, os Menus funcionam da mesma forma que a imagem de

apenas uma polarimetria, inclusive a corre¢ao utilizando o DEM.

4.21 Interpretacédo de dados PALSAR

Em dados PALSAR, a intensidade da imagem varia de escuro a claro dependendo da condi¢do da
superficie dos alvos. Em geral, superficies planas apresentam reflectancia escura. Normalmente, as
superficies planas s3o agua parada ou superficies umidas.

Neste contexto, areas escuras podem ser superficies planas ou areas cobertas por dgua e areas

brilhantes podem ser areas de cobertura dspera ou areas secas (figura 54).

Figura 54. Imagem ilustrativa das caracteristicas dos alvos em imagens PALSAR.
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Superficies planas, escuras, também podem ser originadas a partir do corte de arvores em areas de
floresta que normalmente apresentam-se brilhantes.
Sugere-se que a interpretagdo de dados PALSAR seja, quando possivel, validada em outras

imagens de sensores Opticos.

4.22 Consideracdes Finais

Todas as informacgdes dispostas neste Manual tém como referéncia o material didatico
disponibilizado pelo Perito Sénior Sr. Makoto Ono, durante os cursos de capacitacao promovidos
no ambito do convénio DPF/IBAMA/JICA, para os Peritos Criminais Federais do DPF e Analistas
Ambientais do IBAMA. Quaisquer duvidas podem ser tiradas junto a Equipe Técnica do citado

convénio.
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