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! Spectral resolusion
* Radiometric resolusion
? Spatial resolusion



yob 4 g 0sd (5,00 pea bm ahio S a5 oad 0 M Gloy Dow 4 “Ssu} S
IVE] il Lo 550 e a4y ot

e S pale o el o] slaosls 45T Ll lgale Slasuie | glaodE V=) Jgax o
ools 5l ool Hlews £95 4S5 amd o Hlid Jsoz (pl el 00l 00,91 0,5 o 1,8 soliiwl 5,40
D00 8¢5 490 3l Giomiw sla

S8 eoliinl 050 ame ) pole 0 LAl la] slaosls a5 Sles leale lasein jf glaods -V-) Jgo

I 5
. Spatial Revisit
Satellite Sensor Swath (km) resolution (m) capability
Variable Variable >[N y
Airborne CASI Variable v Mobilized to
order
Hymap Ve e-YYO Y-
. Panchromatic \PI¥ DAY
Woldview - 1.1 days
Multispectral \#If VIAD
o Panchromatic VE10 N4
Ouickbird . 1.5-3 days
Multispectral VP10 \IA}
Panchromatic " \
IKONOS ; 1.5-3 days
Multispectral 1) £
RapidEye” Multispectral VY10 £10 ldays
ALI g Y.
EO-1 - 16 days
Hyperion I Y-
Terra ASTER 7o VAN A 4-16 days
Terra/Aqua MODIS Yy YO+ At leasF twice
daily
GOES Variable VFA Real time
ALOS PRISM v f Several times
per year
Panchromatic Fo-h- \e 5
SPOT-4 : 11 times every
Multispectral Feo-he Y- 26 days
Panchromatic Fo-h- o i
SPOT-5 : 11 times every
Multispectral Fe-A- ) 26 days
Panchromatic V0 \
Kompsat - 2-3 days
Multispectral AN 0
Landsat-5 TM Multispectral VAQ W' Every 16 days

'Time resolution
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TM Thermal VAD \Y-
ETM-+panchromatic VAQ AN
Landsat-7 ETM+Multispectral \AD Y. Every 16 days
ETM+Thermal VAD e
NOAA AVHRR rras e Several times
per day
Envisat MERIS avo oo 2-3 days
Ultra-fine K Y
Radarsat-2 Quad-polfine vo A Every few days
Quad-pol standard Yo Yo
Wide V- Y.
Radarsat-1
Extended low VY- Yo
ERS-2 Voo . 35 day repeat
cycle
) ASAR standard Voo Y. 36 days repeat
Envisat
ASAR ScanSAR f-0 Voo cycle
. 11-day repeat
\- \
Spotlight cycle
TermaSAR-X Stripmap Y- ¥ 2.5-days revisit
ScanSAR yeo YA capability
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! Geographic Information System (GIS)
? Land cover/use map
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? Volume

* Velocity

> Variety

% Veracity

" Value

¥ Variability

? Visibility

' scene

"'Remote Sensing Satellite Ground Station
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! multi-source

> multi-scale

* high-dimensional
* dynamic-state

> isomer

% non-linearity

" observation scale

¥ measurement scale
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! Moderate Resolution Imaging Spectroradiometer
? Airborne Visible / Infrared Imaging Spectrometer
? heterogeneity

* empty space phenomenon

1



Ayl Ly cdle o lgale S > g sy aw Sl s adien 90 5l o (A5 sleesls
Ol bl oo Slo e g Sle laisn 90 o ol Hg0 3l o S slacsls Lgy <>
"ol anl b Sy i Al I g5 jgme 93 4 Sz 5 wedigS g0 & ey (B 5l (b
Sy Lol aile o rmb @Dl 5 Sl cacded 5l il Slei i bl 5 oSl
L] Gl Shng i Lgliee ol gloanyTd boalyls o leass] glonlsd 5 ok,
Gl sy, lawgt Sl a4y a5 WS o ol 1y ool gl ol 30 5l Liomiw (DI (glaosls
o S gloosls Ll g dy i (g)lads bl e o Sy a5 b yo aiies &l L6
sleodls jo Gl sl s 0,5 g 4 Sl Al Gl s ce I, g0
Adyle IS
Glp bools Giles alize loytizle 4 Cdel 90 5l o M glaools jegpn! (S
raster ools 45 bl oo vector graster lagl oy 55,L g aiS oo o)Ll Sy Slél s Slaike
03l £35S s 0,655 |y aly ke Ky Jshe o 45 Cenl b sk 5l slacss, 5 bangie ol
Loy el lanl S e ol oy Spga |y owiin S35 oldli> o S Vector
lond 5t raster sbosls 5l byl 5l (gl 5 wigd o osliial | Sldlas SleMbl i
SeeeelS G5, g1 Sayile grodls Hlaitls O gay Yoeme &5 mobad wiile Taster glasols
aisle alide glrosls HliBle &jga 9 &5 Jodomy (Jlb ol boog)lon sboosls \aisd oo 0,53
asbesle gosls g5 S )lge (B 40 Aigd 0 0,33 LAIT 5 S 0 (g slace]
Wool> SleMbl Lo aS ol 51 o (Jlo gl w05 bawd asboslo gosls 31 6,550 g58 4 Wilgy oo

Iy oo zlzwl Sledbl pl g oo cdél (oS !zl raster glaosls 31 1) bleisle g

Bl ol ghlom slrosls &g

! stochastic process
> GIS
3 matrix
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"ecosystem services

* environmental planning
’ climate change

* policy making

> scene

Y4



)L\.m) ).:9@ g_i.: OyeR)y wy 6..\.;..:4.9.«.]9 ‘“53-'*"59 odld uLhAAJ Cyeisrodd os.w‘sn oolaw! )JBLA) ).:Lu
Oy by Al Gad Glp A Cewadd paal Ver S50 ) by (gomalb cwl pol
S aelpbl cpl yo (ISee pml b oablie gly 09 walem jgade S 4 Ojge s ol

el ouls Sleiden Olpl ey (b 4B A )0 @S Slp sladsS Bilon elul 6 lens

aobisbly (559155 3 s —0-1

ey Sazd (l5 g aile (LT JSL WSy 6T saseie L) asle atilanwys sly,giS iST
ol Ken L blie 4 1) ey g agsb-coyy [YF] Wlosls anugi 1) 055 ' asl
dso s o S asle i) Jolse Sgyee LWl aiS e pee bopanassST slagSl
Sl Re g psb arlb-Cen) S JBh o el g (BLS ey (ST 55
e Sy mbe Sbiyl g shpae Blaal s gl asb-can) gband (sl sul b
Jo s loysiS o al ey cbhais sois [PF] s sbe | cldihie ol ubde 4
)5S cpl 5o ) Libgy ldaid a5 Cond gore Gl ol aldl o)l 892 )l wile asngs
- oo s bl b g8 Sy osgase 4o g e e 5o il boask pl asl ol oadi oy

IVF] s ) T e oo 4o (ob ol 5 wiss

Olyeds yo Vo zos LIVAD Jlo slp Glnl )98 ey (b ol s il cnl o
@)l; 5o A Cwad 60)‘99140 ).:9@ uL‘B Voo )‘ ‘)9“4":“ R w0l ul?b..:‘ 8990 axJllao
Cﬁ”aﬁ l; Lg)“)).: Asd S 00l soliiw] sé.a).c 9 l.(b)‘)dgy s).:la LngwA) “Sc‘)) LngbwA) “5’5i‘“’°

i g Jodod g 4308 b 50 Cddey laasy, Cde 4 99z g0 S slaglene b e Y

" eco-region
* regional
3 National



Q.ﬂ BRI o Q.ﬂ L ablae gl p e 5cdy RV U VoW Slolsale slaosls 51 g0l e
oolaiwl ygo 5l romiw (M glacals il g glp sladiem nilen elwl g lere SO aaligbl

Dgd oo wools ilo g 0wl Gl yal ol sl oals &1l caddllas ol yo ou

Ol 5o e gl 0 Vb zeds b ey Gibgy adE wdgi sl JB0s3 By o R o
& o SRS S slml ol azg 3550 093 (g, Sl a5 I3 (pwyn 3550 cadlllas
Lol sla Sz Jao Sl sslitel b gl e 5 b laShs 5l 4 oS5 by
5 (RLC-30) o ¥ Vb 7505 b olnl (o) (b 4l angd sl albulS ol 5l il oo

w0l solaw! VYA JL..:

aolipylly sl —5-)

Slosl g aodie Jol Jad o el ) 20 a4 Jad o Sl ool as Jad Oy aslbl oyl
(2Ll g Gl by die; 5o oabplaxl Slaly, Sl aiged Wiz pgd Jad o 0l he g509e
g oo Ol Slojlsale polai gandal il o ,Sug, lal Jad pl jo sl oals ools )%
oals plxl sla,l5 pgo fad aslol (o 06l oo Gl Sk wlie jo Bl oals sl a5
Oy g ald sa lp skt (g cpom Jad 50 0 os Ol Slnl el by

relss 1y lagialojl o olitay (39, 2bs)l ik Jad 0wl wialys Biee olnl eaS

IRWIRVEA PP e oolgiioy o | So,l5 g (oS Al ey Jad jo Lyl

! Random Forests

Y



Yy



:,ogé J..a.e

Yy



dodso —V-Y

aiile g0 3l romiw o )5 garwg @ glakaxde BB ek NAVY Lo o ) canad Oy
Ol ly 6l @) cewad olsale asly Lol Gan [A] o5 a8 ey it sonail
sikre slo iy, (St Cawadd aoly ams 5l i sl b LEY] sl s e polie et
6)91’:5 Cd i wawdd  pglal Sguge Cewl ool 00l drwg e by (gomddd glp
SoS cawad slasols a5 ol3] i Canliw 5 oldlas Dledbl slapivas drwgs gl
Goodls  pwiws calow YeoA Jlo jo INe] cil 008 slasig, ol strwy 4 Jbla
s dw jo a5 Jb o bl s (K] s ies gy S 4 gibs s SOl cnad
Cowadd Aol ciloads Qb yy g glalely ey mlaw Ol gl 550 (6,550 leelgale alids

155 JEEFY V-] el 0,8 Ay paie ye) g (gdldib oIS 6l

TR 2, Ly o) Ble a5 0bl o atdy g g Ll by sasly ;iSYsk ()

S

—ail sy S 0 TOLL g ETM+ [ TM ' MSS o) sl g55 F 5 i gams Loz o
I, 055 slao lgale alisre (gla s cowad asly [F5 ,F0] conl ooty solitul ey s (gon
JUORIPPNR IR 1al csl ool Sgue (Sloy 5 <SG egaly (b (S slacbglyy,y a5l Rsls gla

! Multispectral Scanner System

? Thematic Mapper

? Enhanced Thematic Mapper Plus
* Operational Land Imager
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1972-1983 1975-2013 1975-2013 1999 to Present 2013 to Present
Temporal Radiometric Temporal Radiometric Temporal Radiometric Temporal Radiometric Temporal Radiometric
18 days 6 bits 18 days 6 bits 16 days 8 bits 16 days 9 bits 16 days 12 bits
Spectral i i . : .
Band pe Spatial Band Spectral | Spatial Spatial (m) Band Spectral Band Name Spectral Spatial Band name Spectral Spatial
Name (Hm) (m) Name (um) (m) Name (um) (um) (m) (m)
Band4-1 o5 0.6 60 Band 4- 0.5-0.6 60 Band 1-Blue | 0.45-0.52 30 Band 1-Blue | 0.45-0.52 30 Band 1-Ultra | 0.43-0.45 30
Green Green
Be;r;:dS- 0.6-0.7 60 Band 5-Red 0.6-0.7 60 Band 2-Green 0.52-0.60 30 Band 2-Green 0.52-0.60 30 Band 2-Blue 0.45-0.51 30
Bi]ﬁf- 0.7-0.8 60 Band 6-NIR 0.7-0.8 60 Band 3-Red 0.63-0.69 30 Band 3-Red 0.63-0.69 30 Band 3-Green 0.53-0.59 30
Bé;?ﬁ{% 0.8-1.10 60 Band 7-NIR [ 0.8-1.10 60 Band 4-NIR 0.76-0.90 30 Band 4-NIR 0.77-0.90 30 Band 4-Red 0.64-0.67 30
Band 5-NIR 0.85-0.88 30
Band 6-
Band 5-SWIRI | 1.55-1.75 30 Band 5-SWIRI 1.55-1.75 30 1.57-1.65 30
SWIR1
Band 7-
Band 7-SWIR2 | 2.08-2.35 30 Band 7-SWIR2 2.09-2.35 30 2.11-2.29 30
SWIR2
Band 8-Pan 0.52-0.90 15 Band 8-Pan 0.50-0.68 15
Band 9- 1.36-1.38 30
Circus
Band 6-TIR 10.40- 120 Band 6-1-TIR 10.40-12.50 60 Band 10-TIR 10.60- 100
12.50 11.19
11.50-
Band 6-2-TIR 10.40-12.50 60 Band 11-TIR 12.51 100
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class9 = bareland’ '’

predict 1 2 3 4 5 B 7 8 9 All

truth

1 1669 a e @ @ @ a e @ 1669

2 e 181ee e a8 e a8 e 5} 8 1B81ee

3 a8 e 1125 & e 5] a %) 5 1125

4 a a 8 1380 @ @ a 0 13 1393

5 e e e 8 B651 a8 5} 1 a8 6652

6 a8 a e 5] 8 752 8 4 a8 7e4

7 @ a e @ @ @ 1859 23 @ 1882

8 a8 e e a8 1 a8 99 269 3 372

9 a8 a e 3 a 5] e e 48254 48257

All 1669 181@8 1125 1383 6652 752 1966 297 40270 72214

confusion s jle-\-¥ S



‘(5’9&“’"’ dalaie quL c&.)] s;.é).g Lglbuu)ls 03 45‘)‘ JJ..A s«.)}.i’:‘s.c ool V-¥ Jiw o l;
Do jasis | gl JolS jebas aiuily g sl odus (o590l osda |y ol); slacne; 9 S

| 0093 o‘)‘on L l; )Jl) 9 )l)w)o céJJA Lgtlbuu)ls UMMJ Lg‘).: Lol

precision recall fl-score  support

Class 1 1.6 1.6 1.8 1669
Class 2 1.6 1.0 1.08 18168
Class 3 1.6 1.0 1.08 1125
Class 4 1.00 9.99 9.99 1393
Class 5 1.00 1.00 1.00 6652
Class 6 1.00 0.98 0.99 764
Class 7 0.95 8.99 0.97 1882
Class 8 0.91 8.72 0.80 372
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Abstract

Due to spectral diversity, duplication covering and low cost, the remote sensing in
comparison to the rest of information gathering methods has lower cost and more
effective. Now a days, these data are the primary means for studying the Earth's surface
and its constituent factors. The possibility of digitization of data has led computer
systems to use these data without intermediaries. The prominent application of remote
sensing is planning land cover maps. Land cover maps, along showing the capacities of
the land in the current state, provide useful information about the land cover situation
for experts so far. However, these data depend upon the time of preparation. In this way,
the process of destruction of environmental resources in speperiods of time can be
examined. Nevertheless, due to the huge volumes of remote sensing data, the processing
by the traditional architectures for information processing software is very complicated
and time consuming. To cope with this problem in this thesis, an architecture for
processing big remote sensing data based on cluster computing is presented. On the
other hand, an autonomous technique is explored for the production of a high resolution
land cover map. In the proposed architecture, by preprocessing the data, a reference
library by the optimum combination of the spectral features is created. So then, the
learning model is taught using random forest. Finally, the proposed model is used to
distinguish nine predefined classes of land cover and to provide a map of Iran's
coverage of over 30 meters resolution. Landsat 8 satellite imagery is used for training
process. Each Landsat 8 image band includes 62 million pixels. Five known satellite
image scenes are selected for testing and results show significance improvement versus
traditional architectures. Aforementioned technique with respect to time complexity is
more efficient about 3.5 times.

Keywords: cluster computing, big remote sensing data, land cover map, random forest.
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