SEZW ($130 i (s
Jy)}. s o s ! i
’/-—.’df ﬂf}‘-’f% Vol.7, No.3, Autumn 2019

_/ L e e Y44-Y\Y
/J:,cj, . f ), o
9

Silwaiage o yeN 31 g ae Guda Sy Sl esliiwl b (g s ilgi LS bu (g5 Lwdiasy
dguzxo JpoS bldi 0959 bl ol j0 Ol )3 0048

¥ SSoums (5 ol Lo e *T Sl 00 eyl 155 B duran

Oleiol ol8zsls (g fox 5 o)l jas 0uSLaily ¢ )15 Al swdige 05,5 (983 shariw (5558 (geziils - )
Oleal oBzls ¢ J&g Loz g 3l pas 0SS ¢ 10 il cwiige 05,5 JLoliwl =¥
Oleal ol&iils «Jasg for 5 o)l yos 0uSiails (510 paldd cwaige 09,5 Sliwl Y

VPRAIVYE sl ipdy 2, VPRV B sallia cdl s gl

ouuS

el po jl olass Bda b la g cnl 0 wisd oo oolitial (6 S @lg5 Joe ainge JUS L (et 50 (Slod S by (53 sla s,
calpo polie (ad (sl y5T 0 Sl s, s go (RN, Yl S5 0508 b sl lsale glal (cwais memal S (g S &S
S Ll 1 oolizal (s s Jabo dy S o oSl siamj |55 (gl (5003 slivey Sty a5 (i e el
2 65 @b Sl sl ons how wozr glagiash 10 ooz (il @ wgame ey S8 bl 5l eoliiul dls (s
0355 (S lutinte o8 5l mmo 5 s ui S G aaslllae (nl )y sl (piey J 1S bl slast I (ol 093 S5 sla g,
—dinS (g5lwdings i o3l lgie Con dgaze ;S bl slaw 3l eslaiwl byl sy aigy (6,8 milg ol s olass 18l (ol oS
g Lo 10 35758 gl yd oltai iSTa 45 Lol ol 52 4655 by sl 0k 481,) (DBPSORFM) (6 S sl Joo sl oy 0095 65l
oolad g5 i adas ¥R 51 12aS oltad 5 lee 4y by cogasmo ohans by S Lol ) ooliuol Laglyh 45 asl S bl olutas ol 6 puS
3 el polie blooyd pouye JSC5 jlosliiul slor & oolering (B9) )3 9)0rlil 0,5 oo 68 @l JESLe (o 1) (Soe w2 VA
ol 555 Ll olass ol oz o3 yo50 coal 5 035 o (Ui e unsl od ool (g pisly Ak S 3 A iy Sy b el
Sl G 5 58 @l calrd o)lad ol S oy iyl (olaisl 6yl (550 4 5500 oo g AeenS S 4 Lol (o oS
ol el ol ams oo Glis (6 S @ilgi LSl o |y aeS i o bl (g po jpam pae b jea> (S g jho polis Gog I L
Slopk s D5 b )k 5l by ol el (558 @il Jon e 15 215 0355 (SIS 35Ul (5 ol S sl iy 5 g
5 slisin €l 5 5ol gy bl gn ol Spute 4 37y (5126 e i BB 0I5 L o5 il 5 o0y S 552 1
18 slapi o5l 5o Jglaie 9,505, b aslio ) (soleiing by, 655 5l (S g% @l o5 0 Sialej] Yl SSis <508 | Laosls

g 39290 (5 S

Dgdze gy J S bla (D)3 0058 (6 jlwdigy min, s8] (5 S ailgi Jow (e lgunds

(S AL 09,5 (JE g oo 5 ol pee 00Kl oo lgiol oKl sou > l5a bl (ledol ouisS sl odia g3t
SYA-YYAYD - AD il
Email : a.alizadeh@eng.ui.ac.ir



S RNTI L KON A SIRTIEN RS
Gawsts a5 ol> oledbl 5l eslawl L LRPC
SOSEE I ISR EINEJO RGN - S ST EpP e
“eygd 9 ok 59y ¢ (GPSY) Gl coxdss
= oee Gadae )3 g ge 05 e peg sl
welap] 59, 2 Ghedy ol shel 3 e a5 Ay
aS JuS gabais golaws 3l eolatwl L RPC colys
Cawdds ciloads &J)y nga.; C.Ja...u 3o ‘5~ML~A )5.|od.:
aS oo (pl ;0 ol YL slass ve>g .A}..J‘so
cel wyls 39y L] o 8 gl (Son
Silpe ey SsBee ilnche ey S,
WS oo oV adgn glllae 4 1) 8 &y
40 i ol J= Gl L;dm s, Kal, [VV]

el 0als &1} alizee slo jingh
ogy 5l eolitul Wl cpl U slovol, cp 5 sloe )
J> 3 o elpe Bl e o5 cll il b
s, ol el 51 ol Go5lngie ey
Sl lade g,y cul yo DIA] wiliee Sgigss
PRI N RO R eSS T IV
blas 5loolatwl b g L govie 8k 5l sl jlo,5 5
ovgy 5l eolazul .J..J.T(;o Cawd A ddxe S
M) Mo Sl Sy gl
SIS ooy [V Moluye (S sluai
[VV] T Ul gy 4 (Sob (8 o Y] ICCV'T

s

4 Train-Independent Models
5 Train-dependent Models

6 Inertial navigation system
7 Global positioning system
8 Stellar cameras

9 Overparameterization

10 111-posed

11| evenberg-Marquardt

12| east Squares

13 Iteration by Correcting Characteristic Value
14 Bundle Block Adjustment

Poo

80 Slellbl (59lid wsigo — Sliudg Ju ole 6y s

1A jub @ pguw 6 jlod @ muids Jlw

doddio -

S8 )08 b slojlgale polas 93805, (S
e i anllhe K6l HRSE & powge Y
e SAeML] ol el 0351wl ) e s
gt il laiagy o il o
G I¥ 57V O] 5plaS 5 (e coloo Jod
Nl ol Capae s [R gAY & D] b )l
Ll o e 05,5 )18 oolail 5,50 [VY 5 VY 1)
SesBge SlpedS 9z alse S92g pglas cnl Olgl
@ baye glallad 5 (rey Cag)S sz l9d
polal cpl 5l S Dledbsl 388 7zl Feul wodizin
sloslanal ol g)cnlil VY] 038 o0 909, St b,
@ ) A el SO Glp el plafias
S oeslital ol ol 3 gbiee eles] Bud
b5, b ly (RFM) Yo pmS sy (slo e
oo plo 5l Gt (o) sLaS 9 ngai sLAS (o
[VO] ol 4235 1,8 argis 150

@glabezaiz 5l esliiul b g8 &l slaJos
oSl 5 ooy slad @y pugead (slad (o hos
odizmiw €9 5l s a5 b Jow ol e o plx]
Teeal odizmiow (5 e Sledlbsl pmils ey s
&y sl Jos [VO] s o plxil | poai cwiin
Slatze Jod ) Slatse phus g9 30 b a8
29 s €55 8 5 (Sayiiegy 5 S8
bl ogzg pae Jdo a5 ccpl ogdle o )I5500
&y alye g bosizmn (g)lae Slats o (2L,
ko o bosizeies S5 Sledbl (RPCT) (s oS

DF] b
b pledse a8 @lys slados 5l g9 cn gl
O AT e dw a3l gl

s 5l w,S e I8 colaiul oje0 03l steniw

1 High Resolution Satellite Images
2 Rational Function Models
3 Rational Polynomial Coefficient



- (530Sl oslaiwl b (5 S &195 JLSlw (5 jlwoiag

G0l Lo gl 55U o3l juule (ol o3 15 S

aolie ol ey ladliogg  slopgiges S
KW J..Jg.' seT) c\.l?)./a el oolaiul LS‘J" ‘-;..w_vl.w
o9y s gladlae o I SKaeg ol [VA]
4o as wioly &l Loy ool wlal  jgmea iils
gl o A S aly e
I¥4] $uls s Sl poris
SlyS 0355 (silwdingy o )osl S5 a5 sbiles
ICIES PO ) Js‘.)..’;.c Lg)lii.g\ l)s ‘_gl.bpii.l)ji” )§%° )l
Ol YL g 4 dazg LA ol (giluaige
oo Slalllae ;3 ¢ Jo3 BB slaclex g i o5
oolaiul Oyg90 ddp LS)MS é"‘}’ w‘fo u..uu 6‘;:
JXNY Jlo o oL Ken 5 s sl az3,5 138
&l calre G e eyl Gl sl et
3 olXaegh ol [Y¥] wo,S colaiwl digy (g mS
5l 6, g YVY oy Ko slasdlas
lra TS bslas leolinul glie 2 ) o,65]!
Sllas o yuores [YV] wisls &l oS abass
POS-KFCV 5 [\Y] FCA-PSO o jbs, oS30
288y Joe bl 5l eolatul glow » i ga [YY]
&by kfold  blase oo Lol
sbas 45 WS Wl PSO an sl  Siagls
Syl A cond 1) wipssl Gl sl 6%
isle ol 8l Calises

0db S5 slagheg )0 dgzge slogidly I (S
8L (6l dguome gy J S bl slaw l eolai!
@ azrg b gsdse (nl ol Ay 68 @y ulpo
Sdxie Juey JyS bla l eolatwl fog painie
oy JS bl 5l sslanal Lulul .l cuenl 3l

9 A‘S.CLAS)I

2 S (o0 FSZeS | e Oloz (5059 gaze
Wlgiees 80 13 a8l 60l adeas (2l
el e,y Gl 4 Al g 1) Las oo3a
Iy S &l olpo oS5 g dlaws g, 8l 158

4 Ground Control Line
5 Digital Elevation Model

lpd o fle dalite b 9 LM oS 5 L (259 5
lpe Bi> o &5 wien ala g, 03 5 [YY]
S oo ol annge polie 28k @ pladl (5 S il
&y lye Gl lp by, 5l K glaws Ll
bl s i il (sline s (sloby, o5
Sy7y S5 By calpe ooled leslanaly o3
O YL (Kad 3929 Jodo @y dlles (pl a5 5l
Sy ol 5l solams Bis ol ey sl colpd ol
2 dese 4 y5p0 il dlee p 4l
Sio bl o ol slagtegn elul
e B> lazs § alodl colpd ol 5l golaws
owple Sleslaul (VY] w4z Lol
ozl [YO] 55,085 slagygem,S, 5 [VY] (SuSTy
Sype dinte ulye SBUl sl o5 witis oo,

los 41|
S olans Ol gy ol, cppshize 5l LS
oy 5l osliinl oS5 Comaz S Gl 5l Lo it
iy walys Sl 5 Y LS ed, e
(Slole Bld 5l gy sjleangy sl
Slp el gl (s 5420 b e (slalle
Gl B 13 sla by, alinse (nl el B
l, Ols> slis SlalST jsbay laiby, ol iloads
S 13 slagtyy n e 5l S (o0 g2
w2580 5 [VF] (GA) TS5 sl 55 40 lgi o0
ols 5,5 o,ll [YY] (PSO) Tl )b eog5 (6 jlsding
sgbar YooV Jlo o (staghy jo olen 5 75
lpe 58l 0 Sy eyl il oo
insy o D7) oS eolital asgy 5pmS es
by Se) el Gladlioge saises o
Soplas,e a ol joas as Wl e 5 i
5 <8l elas] (Sewld e 8 @y ol po

1 Computational Complexity
2 Genetic Algorithm
3 Particle Swarm Optimization



) dgaze J S bl olass b as' 1) oolyo slass
93 3,91 Cawd 4 Oleee (V51 S olaws L bl
bl slass 51 cOygoipds Sl bla slass ply
OlF e Sl oo YA ol 5l wasbn Juus

o8 gl ly oy 2n
A sl ) 8lE laei sl e bl (ol (@
Golisle dgame dlaxs L o8 bl eolaul
BRI R BT o) PR | PP VERCUUNG S NI PR 1 00X
[\V] FCA-PSO 4 [Y¥-] PSORFO (4> ol s,
L I )‘ sslazul e MLI‘SA ol ool oolaul
oy JyS blas olawi a5 S50 0 PSO (5,00
e 5l i oo Slaws b glo,d (ol all sgusre
oL s Siols b Jlade (JpuS bl slass
590 Shd ol 5l ol Dlez o nl 4 g ead
lao,d cal (s 4 3l &8ly 5o a1 b o9 o
bl slaws b pusls g0 a5 jsblen 15 o)l 0429
) card sl o b loyd (g sed Sgaze 1S
glad abSzs el soliiy 3l (g
5 e jsba 05,5 0 PSO ol (gooins
g glad (J,uS alad e g gw l oolatul
J5 a0 .QMIC(78,38) wolprin Jele b
ST d.b‘}} 26573X1022 L; )g‘).j u.i.o.n oY
OSen DYl S (6,0 Jglaie JLsle o a8 b0
Fordyy ol 4 asl e 2° =2.0223x10°0L L,
W LyE b Jolwe [ESle jo ins lad
b ) Grmlbmains cd> o gmins glad iy
law mals akis Ve U 8 by ol az Lo

dalgs il ply 2x10% sgas b Cond ol S

78
2— =2.4901x10" | .cséb
C (78,10) -
ol (g mS mle Jaw Voisw jo aelsl o
alss 7 lae golpion (b9, 9 S 00g5 (g5l
slrosls (g5, 5 oaﬁ;,al.?d‘ Lthb‘_,,i:b;.Lc)'T Visdu jo a0l

Pop

80 Slellbl (59lid wsigo — Sliudg Ju ole 6y s

1A jub @ pguw 6 jlod @ muids Jlw

Slaye oS abewsas bl polie 5 S o (s
ou\...uul.?ul w‘)..o as @Lbc)é 6‘;1 u\.i]‘so Cawd
ax ;o bl ooy JyuS blas oslass pl 90 51 iy
slas Jlaie (2l cpl o g anlys e solj]
(Sl e Ll 5 005 3L Sl ouilendl
0,559, opl i vales Ol Hlewe booyd ol el
&l olpo a8 g olaad o8 oy sl
13 o )sSl (goinr (glad ol 5 )5 el (g
aS ol J o ol 1050 o0 0050m O ygods (5,0
..)L)Ju ):‘)J 5\) )‘ w d"‘"‘é{" wlfa o‘d..u L) @Lbo)\)
soles by Sy 30,8 Lol b ol e |, S blis
3eslainl @by cdls cpl jo 0,5 ) s
Comboo 1 5 09500 Jlgs 25 (60l 1,8 (o )65

DI i 1) LS (o (g5
sl JSiw J> Glp Gregh ol e
ey JAS Bl 5l eslind Balyd e (s S8
Gilwainge 088l 5 (e (g (odg) Ogame
(_g..\.».:)i».: t&) ws) U”‘ ) R djl)‘ A_:‘)é oéﬁ.'f
slp Ohd ey gileange el 5l was

dlye cod S By Sl gl
Discrete-Binary PSO for RFM (DBPSORFM)

Ot 90 5l 0,3 hgy opl o el ol Al
FSlas (ppey JyS akais N <39 ol b aSlxlsl
Stu 50wy el 2N an wolps oslaw
L oS cuils vales 5e2g Can 2N 6,5 j0 gdwns
olyo slass B ) VALY o ool Slael polis
S 2N 58 sk A )0 0edoe p (S By
sya pae b ypax B ol pll S aS 018 3529
Wd> jebay cwl S on ell co
ouds A 3lse o ol gallie slacs,sly

Cnn]
5 ShS Glraens IS8 L oyl Gl (I
&y lye sileange i 4 PSO 55l
LS oz 50,5 a8lal (gl .ol 00l 84lg (6 S



- (530Sl oslaiwl b (5 S &195 JLSlw (5 jlwoiag

G0l Lo gl 55U o3l juule (ol o3 15 S

S5 &l Joo -)-Y

ol oals oS5 22k, alal) 90 5l (6 oS 25 Joe
Ly ey slad 5 pgad lad o G L3 &S
5 (1) Llgy) abaly 93 cnl 5l plaS e S (oo )18
Syt ¥oaz s 5l glalezaiz g9 e 51 (V)
ol 0 LS5 (Y 5 1) Lol

Ly, @b 5l (Va))daly, )0 09250 slaslabezais
i dwle L8 () B (V)

CR(XY.Z)
TPR(X Y .Z
CR(XY,Z
TP(XY.Z)

P(XY,Z)=a+a,X +ay +a,Z +aXY

)
)
)

+aXZ +aYZ +aX *+ay *+a,Z°’

+a,YXZ +a,X *+a,XY 2+, XZ % +a X ¥

JOTY ARV [C RIS IVURNIE X ST CRCRT
Ll valyt plats] g pSam 4l i
b g, -Y

anlllas 4 bgs o (6,13 die i Tl iu opl po
Loy cpl )0 285 vales 18 qw)p 9y50 yol>
aalsl 35 ol )0 35290 Laily) 5 a8 @y la
3 g oo g S5 g5 (g5lsainge o 55!
@olein by Ol iyt ol sl

a5 waly> s3ls zepdss DBPSORFM

(V)akas,

(Vakal,

(Makl,

+aY *+aYZ?+a,X ’Z +aY °Z +a,Z2°

P,(X Y ,Z)=b,+b,X +bY +b,Z +---
Py (XY ,Z)=c,+C,X +CY +C,Z + -
P, (XY ,Z)=d,+d,X +dY +d,Z +--

P(XY,Z)-1P,(XY,Z)=0
P (XY ,Z)=sP,(XY,Z)=0 (M,
Asleo 93 aball po (slp ey J5uS bLE (39381 L
ol 51 S Bt b oS 09b o0 JeSeis YL S 4
&y ol ) dlis W¥gppome a4 Cond SYoleo
sl 4y doles 298 0 slml )b e (558
g dals> () gakal) IS8 4,
(Vb

(Vakl,

B=ATL+E

4_} E ERanlj B ERZHXl‘AeRZmJS djs cda)‘) ).)

ol g Slaalie uile i Guile iy
JyS bla slawsn LmQT 30 g diws boailesl
oyl 4L€R7BX1LH)3LQ ST SNSRI SO,
Sl barg Lol S gy s el

+C0Z°

+d,Z°

+byyZ®

Pop

(Fakl,
B)akl,
(Fakl,

4 bla sodepdley laises gl 3s8 ulg, o
S99y bl od.mo),JlA): Slaise ZsY X 9 )Jyaa
wlfo(l :1, ,20) di 9 Ci ‘bi o LAd Ol
LS cure Ve o9y @ azgi b aiis (655 mlss
LsS oo Ar Slawd ggammo,n (ldlozai> 2 jo
Aiwly colpo A9 by ol Gl ol 5l oyl 0g2g
Dgd oo 485 Sl o)l o] Hlade a5 aitun
Sl @lgs Joe jo coypo YA coliis oplpls

ol dales 3529 ¥ a0

S oslil 6mS mlyi calys il ol adsl Sl

Lol jebaite cpay ol Oluse (peS oo,
JSS a4 (M) 9 (V) Lalg, (V) 5 (V) laily, (g5l oz
Ngd oo Jool> 55



R 00 3o slp (Sols polie ubol p il o
O (IBest) 0,5 o o, bl o e o (gBeSt) 0,3
Sade gauslio b al> o 2 o IBeSt Jlaae 09 oo
dlo e s o] (Fruls i b oyd (Sls als
TR OV I [ T VY 0 S SN PR I
Ol aS Canl 0,3 e s dumlmo Sl 0095 (o jlwdigs
Ol o polie g 0,3 Was Cumbae sl O Cd
St prapsNl il @ szl Jsb jo o jls b
YY) 4]4.:‘) d;)la )| 0)5 FLIS N gd)‘)fb 0095

Dyl oo (Slwyig,4

Vit =m(k )V,  +cn (1Best —P* )+c,r, (g Best —R*)

if r, <¢)(\/i)

Y F)adal
else (D=l

P—k+1: 1
' 0

&b S (p() 5 oolal Jlade SO T 5g8 akaly o
43,5 i o sigmoid &b aS cwl sanSosdle s
S i 5|zl ([YY] 5 [Yo]) o5 0
Vgoro o oolitul L3 0593 (5jludings piu oS!
wolie b (VYY) akal, 5 0wl ds polie puors s3>
S50 058 wax Cudse lpiear lagl ead i,
g oo 455

EREENE R

Slopi sl p (e 68 @y calpo 05T 0
s Gl 053 1y Gl pd S 5 g slaas (gl 8
9y obelp el pe polie &5 Jlo s S (oo (e
8 oyl ogdoe 00y GmedS Slupe (n%eS
e oo b (gloyd Lol cmiony Slalllas ,o (6,52
ol 5 (S mly alpo dlass gojlal &) YA
952 polie adlior Sy g Sho (S (s b polis
oyd ypa> pis g ypa> e 4 S 4 o
I il oS mly Vol o bl
3,510 oS @y oyl calps ad aseie
Loy Slupe oy Ghgy ks ool polie

80 Slellbl (59lid wsigo — Sliudg Ju ole 6y s

1A jub @ pguw 6 jlod @ muids Jlw

oS elel e Lo Ols e il
gy aslg (V+) alaly JS5 4y Slay o

L=(ATA) ATB (V- )akay],
@53 0088 (g3 lwdnty oz 95! -Y-Y

Gl 13 chgy Dy eogi (gilwdingr 5!
bl b By 5l (Gumexr &5 » (S
Sloz So DS 0058 (gluaty o sl )0 wdl e
olgie ot (ol el 65,55 anlp S5 o 4yl
o w98 nl )0 A o g S (Sl &
&b ol (s al> o 50 ads) e g
PlaiS] (Siols jlade 0)dfgae 2 4 (Swls

(O Vaka,

kK +la> o o plioyd e VT 593 alal, o
ke 9o, g Kk a>ye yo ol Coades PF
olis cob poliecy gcp 9 [0,1] oL o SBolas
S col (55 039 @b 0(K) Gob a0 wites
o V] oo b Gl gl cnl o

g so iy o5 (VY)alal,

kK —k
— )= (VY )k,

o (K )= @y, +(, in ) K

ax
max

bug a5 s b polie @, 5 @ polie
SylS5 sl 5 K Wadee i p)8
o 0g dalgm O3 0oy (glwaig ou,eX]l
Cosdge (1)) abaily lawgi )5 jo oy Glayg 0
2y ke laSs 4 an sl g5 iy O]
Glwtinte Jslie oi,o8) 5o 09800 (Sluyiea
Cordgs il dwgo blw polie a5 &, ooyl
Dl oo Cawods (V) abasly 5,6 50,3 12 sy

P =pf v, (\¥)ala,
0355 (g3lwaine sl (6l At I ool o
lbo,d daz Cedse ol gl (VF) alal, 5l wld

D9 o ool



- (530Sl oslaiwl b (5 S &195 JLSlw (5 jlwoiag

G0l Lo gl 55U o3l juule (ol o3 15 S

JAS bl plp g0l eS8 mly ol o
SEale imghs ol o ol (ol aST L 0g wales
S sl DS sy (siluange w5l e
2 0l 50 a8 sl oads il (g S @l el g5l
N &S ol cwodn Jols las;, &jgea 0,0
loo,d 5l glaigas abl co gy JpuS blis oloss
ools (iulad Siled &jgoay (V) IS5 0 (g, (0l

o 00

il o pdyon Spe J5S ahals golass SS
A cplys 09 oo ST Alolrs g0 S alads (o
).v‘).) 9o )| ).....M.u oMuL?L.." w‘)..o Slows c\.‘>uL»_‘>

Olpls g oad ake Lgolﬂ a0 Wil Jus bl
ol )0 glised plnl e jsbay Colps e
&bl b b gl 18 oSl >
Sloz dmii jo 5 odls plaisl 6,5 oyl b.i......aLw
Sazole nlply webee j50 000 Gl I ol
A olowy gl colawl dgame S bl slaws

'Y ] Y \Al

A
v

. ? B )

A

v

Syl i

Goloaion (g 5o oadoslawl 043 b ) IS

G IS5 slasl slas g pRan olaie
oas eslawl ' CuaBge i Slles 51,3 atelS
[V ) ool g, alie slo)lS 0 a5 jsbylon un
ol Caond sy 39250 JpS b (V0]
(DCPY) s, blis (TCPY) a0l blis aigd oo
olie 538l (sl Liyeel blis (ICPT) Sz Llas
& Slaye eS wuld (b s g8 @l e
2olie 3L 6lp (bl Bl 5l gy S
Siboainte @,s8l Szl (b yo 0)8 e (Sls
o O ol Glp e g eolaisl Dl,d ey
pFie 035 Sy sl S @y lre alre
Ol ada) sl jlade (Dlape (oS alwgey
Spbice dmslre DCP Ll (55, (RMSE)Sha e
oy 51003 T b ,Blie Siagls oo s [VV]

Gl e S bl Lol ogd o dewle 1
RMSE

! position clamping

2 Training Control Points

3 Dependent Check Points
4 Independent Check Points

G gl o jeSde Sy AT jeboles
Loy ] 51 olaS o 45 o0gr s 2N ol 0,3 S
S5 &y mlpd jl (onpe ol gonrmslis
G aS oS s VALY 5ol oo polie ol ool
O )0 e PGP Golps 4 bgpe i
poe ey dlbioe Vg 0 polie Jolt a5 (5500
LS o0 p3 ol Bl copo jpax b jpax
Wb S a5 jebiles 0pS e 8 swyn 3590
JraS bla olaws ply 90 dg ol s slaxs iSlas
Ol 5l 7S Wlgi oo S @5 calpd Sl 5 005
calyd Bl (39 e (6l (A 392 il S
g |y JyS Bl olass pln g9 5l 68 @l
Jle Olgieds 0,8 jSbe (il 5ot sl S o
9 VA plp anS 250 50 lo)d sl caw ax ol
calps 5l e0ie cupe Bl Y Rl 6l A 0
&l o «(F salal, Gb) ag S s S By
a aS Sl S8 @ Y il sl jeas (5 S



Sl gl Guesd Gl G S9d e a3 kS
as Y-V isu 0 asl b @llae wcalisee )3 (6l
Slaey o5l caigd o pans IBest 4 gBest wi
3 oolaiwl b .ogd co dwlore 13 Cie ps (V) alasl,
50 50 Sl Wi Cuadse wadbdwle glacis s
OY) Llyy ololy cus @ @S 5 b Sisu
Slasd ooleiing wysNl 5 wsdiee e OVF)
Dyge 5o el @iy Sll By Lo LS el S5
age Lzl oleieas gBest byl ol ok ao)ﬂﬁ
b blie cglyd 5 0od il gy aly calpo

Dgd oo pead Olauye (S by, wlalp

&3

v

80 Slellbl (59lid wsigo — Sliudg Ju ole 6y s

1A jub @ pguw 6 jlod @ muids Jlw

Dy e ookl (gl 18 @, S IS b))
ol oa osls las (V) JSi 0,5 IS @)l>sls
L oyl laml cl jaseine o pl j0 a5 ol yles
®)lke  Bolai job 4 wadoslomesy sl
5 oygel bl sl eolaiwl b o8] agi o adsl
O calpo polie (Dlayyein S by, Slaey
5 00y culps 5l eslatnl byl 5l ey g3 0
DCP bl& wSe Slabus s mly Joo slow
polas g glabre polie M| 09l oo dwle
g oad s RMSE  asli 5l oolaiwl L a8l
Gloyd (Swsls jlade lgie a4 WS ) wgSan
3 ol @285 108 oolatwls jge ol s pss 0 a8

S5 adgl o ude

LaS sl pd i

ladie doulone
(1/RMSE)
038 2 gl Rl lade olais &

TSP
gBest s [Best
L.__{.'.'.m.lua palie wlal o

abuly bl g 033 Sas s dcilins

|

abyl ol 1 153 (5 s iy Saprdas dgeiline

)
|
M|
oL T W [PRCs [P CINI - TRCOE T PO
09 q.h.‘njjloa.aima‘lﬁak.ia
@)
[ I
P
al

(3 g b Aot S 5 3 0lsS (538L ypliin 43 DBPSORFM (sl (s (oI5 5l 9td ¥ S

Po§



- (530Sl oslaiwl b (5 S &195 JLSlw (5 jlwoiag

G0l Lo gl 55U o3l juule (ol o3 15 S

oaizmie o by gl ) AaS,e 45 el
U"‘ aQ .‘05.‘).9 uLC)Uo‘ w‘ oy A& L_S)‘é).)).)}.a;
el ol sols u,....ul.o..) (\) Jsd} B ).ajL.aa

Eli g biabel Y

S soleidan by 2l ey Gl GReen ol 5o
o oolatnl YL S5 0,08 L abai> paal 4w

o295 ol 5o saleslaw! pglar wiledbl ) Jgus

Jyus bl# @D Caaige 8w 0315 4c goxo
()
v G0 ol ool Gl GeoEye-l Geo-ISF
Y "o Olel ool oyl Pleiades PL-ISE
70 na Oyl ool sl Worldview-3 WV-ISF

o) JyS adaai Yo g V0 N e sl esliull alisee
plsl wloads @59 gl whw )3 (ol jsbas &5
u.;)ya] ‘_g|).3 oaeslaiul ‘_J).Z.S bl &9 Ll 00l
ol oo ooly ioled (V) S )0 Loty oSl S g
odls o lpy S gabd Yoo S0 SO 0
6abds VO g Ve bl pl Gl 5wl ool asciie
Vo b oliol]) oliolel Koo el g0 sl J S
S oilesl yo 0 sl sads Gl (S alads V0
by olgea blas 7Aoo J a8 bl slaws )l
Aloas aid 3 ,kas s DCP lgicay sasle g TCP
S s Gl 13 laemy oSl o Laus (ol
sy, dlie cul jo 5l clls wales o o
Ol Jlade ol JISS L Ve gy 050
By Glgeas 1SS Vel 5l saslewnsas SRMSE
Olseas oyl (SD) ' lae Blyil (lie 5 o,55)!
A Al gl g ylaul 5

1 Standard Deviation

9y «sdleiny by, 5l Jolo mls b)) jshaeas
wiysS)l el aks i 45 PSORFO
Glaslie o9y plsieas Sl D3 0oy (g5luaigy
PSORFO s, ;o [T+]cwl oo adS i
Ay Ry () Py Py slaglaberaiz
Ci 58y 24 po 42,0 <olpd 5l g oad ad)F
s YA Ol 5 ol scel ond L Gy
Slewbre )3 a0 YV L 605 &l )3 39290
é"ﬂ) P g yo JJA w..asj)) LJ‘" ) Sl o0l bl
care YA Glils oS (5595l o @l 5o 6 S
d‘f ) ) ] 4.._‘3;)‘).9 PR S)90 ol
575 4 PSORFO by, uglic oSl ol
U‘Jj) dslen .\J‘}u FLGI PR W 6)LwoéLu
) ate welre LS cuye YA Gl 5l ooliing
sl e slayelll o bl
Sl 0als oals ules (V) Jgu> ;o DBPSORFM
S Gilhe bl eled a5 el S 4 a3
Cewl ool pudas aiey cpl o ead slxil ragh
sl 5o Serge w3 ln ks [Y0]
G pus digaS g by Aipdens ,lie DBPSORFM
s 5 o3l sl 5 o Gl Gioe 5l gl

] o SB] +Y 5—\" ﬁ‘ﬁ o Pl
Slass b LI 50 S9zge sbaghy, 2l (owsn ln
Akl oy Bolabel game e JyuS bl



80 Slellbl (59lid wsigo — Sliudg Ju ole 6y s

1A jub @ pguw 6 jlod @ muids Jlw

.DBPSORFM s ;98! iliso (sl ol )y :¥ Jgur

Yoo S5 slass

v Copro

! ey = 039
ey A (a))
+Y s e

al eS| sk

(V) cepm

¥ drde | A
Y. RN Y S

V0 C) iy

V0 C, wuyo

32°39'10"

(<) ()}

@

pobal g9y y ilitko glaosld 35 (K y30,8 blis) Ko bl HUS 10 (S5 jumw blis) ojgel J oS bl g je5 ¥ S
WV-ISF (ge015 (z PL-ISF 50815 (& Geo-ISF (gesls (Al .&yl J565

PoA



- (530Sl oslaiwl b (5 S &195 JLSlw (5 jlwoiag

G0l Lo gl 55U o3l juule (ol o3 15 S

el Sl 35 e o3 (1) Jgaz o &5 sbas
DBPSORFM  (solesiny (b9, 58 iyl s)lk
o ,95d) ol sl 00,5 Joe PSORFO g, 51 s
9> 50 slme SBll polis o)lge (S p oy s>
PSORFO i, ;o a5 el ools azl 58 Sy 05
ailer S0 B,k 5l 0gd ced 0 Glas o
polie i xS RMSE (S5les ppolie 890 0 al
DBPSORFM i 65l b j0 YL jLae Gl il
ol 6 b Wl opl a5 sed e swd
aos oo olas |, PSORFO oy, L awglie)s
&l p bawgie jobay LRMSE Sl laie (g gammo,o
L s < 54 DBPSORFM 5 PSORFO (cla s,
s cds A w5l (S as 0 VFA 5 VY VA
solie iy osl golnly Slaiakads Sl ruzee ool
Gey sl VAP begte jsbar lae Sl
sl 059y DBPSORFM g, (sl Y/OY 9 PSORFO

D9 o 0adlive LAA (guls; 10 Ceond ol jo S

ke 59) p endelxl slagialesl 5l Jol> b
obes (V) Jgaz jo Vb S )8 b abas
ot Jgaz ol jo aS jeblen .l suls colo
=l o)lse sles o DBPSORFM g, <ol
5 Cwwl ails PSORFO g, 4 Cod (555280
Sl odd 5158 65 5mb RMSE (Sl e
ol P9y lp Jovz onl cledbl bl
oais oyl58 YAY 5l 5YL RMSE .Sl jlode
PSORFO (g, lp a5 casl Jb> o cpl el
i 30 JeSo YEVE 5 YOA ozen (5 polio
Gl 3 slaem o1 Bolas &ld clde 4 15,55 0
5l eolaiwl ;o RMSE (Sl jolie o)lge > )0
Ve slas canl s 5l g JysS abadi VO L Y-
solas Ol ogdle Ll oals oolaul S alads
i) 5 Gl i s Ky dag oS
it 33 55 Jole g e 5 S bl

Al 00,53 0 lge yo il

el grosls 595 52 DBPSORFM g PSORFO sla gy slya! 3 Juols amls ¥ Jguo

(oS o) shone Syl | (g o) RMSE 58ikis o] b
DBPSORFM PSORFO DBPSORFM psORFO | - WP o

CEY Y VF50) VOFVE YYFOY Vege

¥YATY ANAAR Y0AVS VAYEYA 10-00 Geo-ISF
SNOYY VYASY ASYF \FY Yoo

VAAY - Y5 VYY YFIAY YOAMD Vs

< OFAD \ATEARY) 1047 Y5V 10-00 PL-ISF
f,-OFY FYAFYA YEY VAVYSY Yoo

Y00 5¥ AAYSF YEYY- Y0+ VA V--00

£YAQ ¥OAY ¥AVAA q,-90Y 100 WV-ISF
Y YAy ARY) YYVE] fa-9. Y--f0

Ll 5l eoliiwl Ll jo (o] sloss g oS 5) age
ool Gy ol @l sgame Slaws L S
O3l &5 PSORFO jspiee o651 b (golpiiion
o578 ) g ol &)l (68 BT (g5lwaie sl

Lol g (6 5 4z -F
o5l Gl Glasboge sases Glagh opl o
6}&.«45 @‘5; w‘)..o u.dl; 6‘)-.' Q\).S 0093 LS)L“‘L*-'-GH



sleosls (g9, » (golpiinn p.:.;.)jiJl A el
Oy & Cemd Sy @bs WV-ISF 5 Geo-ISF
3 eolazwl yo s sgue Jlcpll wuils PSORFO

ol Glas 1) sex slotg Hgbas PL-ISF (gools
posdl 1 e sl pegh opl Sae
S5 &P il po Geend Slp DS 0058 gluainge
5 S jibar ol saliwsy Bl 45 05 aig
balys jo aSlsllcdly cons e mls @ 5 @5
0,0 i wodome S bla olass )l eolazul
SIS b dg>ge (5 )8l 18 slahy, )3 Jglate 0L
Wl oo g3kt P9 ol BLE 55 by 551
Sk p g |y S (ol il a2 g BB dgue ,LS 5o
Gh9y S92 &S Gk ples 4 gliBle pl sl
<35 5 Silwosly el i gjluosly PSORFO

5 05UsS Sae aly bl 18 sla by, nle
Sisle sl oolatwl (lal cpl pwsjls 5 1) oouzen
&, 1,8 lan )6l (6l (agh cpl jo eaball)
Sl iyl )0 Fared ;08 )5l wles b Jaus iy

gl g olgiiny S

[1] M. S. Moussavi et al., "Derivation and
validation of supraglacial lake volumes on
the Greenland Ice Sheet from high-
resolution satellite imagery,” Remote
sensing of environment, vol. 183, pp. 294-
303, 2016.

[2] X.-P. Song et al., "National-scale soybean
mapping and area estimation in the United
States using medium resolution satellite
imagery and field survey," Remote sensing

of environment, vol. 190, pp. 383-395, 2017.

[3] Y.-S. Hsiao et al., "High-resolution depth
and coastline over major atolls of South
China Sea from satellite altimetry and
imagery,” Remote Sensing of Environment,

vol. 176, pp. 69-83, 2016.
[4]

R. Colombo, D. Bellingeri, D. Fasolini, and
C. M. Marino, "Retrieval of leaf area index

Plo

80 Slellbl (59lid wsigo — Sliudg Ju ole 6y s

1A jub @ pguw 6 jlod @ muids Jlw

abis ;o glila og w0l )0 Sezge 0)d iy
"o JSES S @l ye Aol g0 ey S
S @y colpo slaxd axlisy axil)e wed
05 JAS B ol 90 5l e (e DY ge2x0)
Ao ol ol aalgs aie aliuss golil a0 il
8 )l slap oSl o oS Sl e (o
JysS bl olaws 5l b oyl jo  Swsls polie
S8 mly lpe slaw aiin wcwl s
g dlem ] ouS blai olass plp g0 ool Cawddy
LS 130 Gl soleriay gy 053 bl
Sk B S g oS &y alr ojled ol
GrS glF o o] jpam pas b jpa> slixe @
Glad w)d Guyw gy ol ol ead LS
Gel g BB jsbay ) oSl seins
1% sl 5l Jols @l Como amiipe 5 ses o0

b oo (RPN 6 pKetir jsbay 5,
ol o8 a5 ol plas Sl gl il
FAN 5 TAs Glie & o Sar sk 5 <80 S

039 PSORFO 2 )5Sl iny 395 syl digei 51 e

&l
in different vegetation types using high
resolution satellite data,” Remote Sensing of
Environment, vol. 86, no. 1, pp. 120-131,
2003.

[5] P. M. Dare, "Shadow analysis in high-
resolution satellite imagery of urban areas,"
Photogrammetric Engineering & Remote

Sensing, vol. 71, no. 2, pp. 169-177, 2005.

Y. Qian, W. Zhou, W. Yu, and S. T. Pickett,
"Quantifying spatiotemporal pattern of
urban greenspace: new insights from high
resolution data,” Landscape ecology, vol.
30, no. 7, pp. 1165-1173, 2015.

[6]

[7]1 M. Vakalopoulou, K. Karantzalos, N.
Komodakis, and N. Paragios, "Building
detection in  very high resolution
multispectral data with deep learning

features,” in 2015 |EEE International



- (530Sl oslaiwl b (5 S &195 JLSlw (5 jlwoiag

G0l Lo gl 55U o3l juule (ol o3 15 S

Geoscience and Remote Sensing Symposium
(IGARSS), 2015: IEEE, pp. 1873-1876.

[8] A. Albert, J. Kaur, and M. C. Gonzalez,
"Using convolutional networks and satellite
imagery to identify patterns in urban
environments at a large scale,” in
Proceedings of the 23rd ACM SIGKDD
international conference on knowledge
discovery and data mining, 2017: ACM, pp.
1357-1366.

[9] Y. Qian, W. Zhou, W. Li, and L. Han,
"Understanding the dynamic of greenspace
in the urbanized area of Beijing based on
high resolution satellite images,” Urban
Forestry & Urban Greening, vol. 14, no. 1,

pp. 39-47, 2015.

[10]X. Tong et al., "Building-damage detection
using pre-and post-seismic high-resolution
satellite stereo imagery: A case study of the
May 2008 Wenchuan earthquake,” ISPRS
Journal of Photogrammetry and Remote
Sensing, vol. 68, pp. 13-27, 2012.

[11]1D. Brunner, G. Lemoine, and L. Bruzzone,
"Earthquake  damage  assessment  of
buildings using VHR optical and SAR
imagery,” IEEE Transactions on Geoscience
and Remote Sensing, vol. 48, no. 5, pp.
2403-2420, 2010.

[12]P. Li, H. Xu, and J. Guo, "Urban building
damage detection from very high resolution
imagery using OCSVM and spatial
features," International Journal of Remote
Sensing, vol. 31, no. 13, pp. 3393-3409,
2010.

[13]P. Li, H. Xu, and B. Song, "A novel method
for urban road damage detection using very
high resolution satellite imagery and road
map," Photogrammetric Engineering &
Remote Sensing, vol. 77, no. 10, pp. 1057-
1066, 2011.

[14]T. Toutin, "Geometric processing of remote
sensing images: models, algorithms and
methods,” International journal of remote
sensing, vol. 25, no. 10, pp. 1893-1924,
2004.

[15]C. V. Tao and Y. Hu, "A comprehensive

study of the rational function model for
photogrammetric processing,"
Photogrammetric engineering and remote
sensing, vol. 67, no. 12, pp. 1347-1358,
2001.

[16]M. J. Valadan Zoej, M. Mokhtarzade, A.
Mansourian, H. Ebadi, and S. Sadeghian,
"Rational function optimization using
genetic algorithms,"” International journal of
applied earth observation and
geoinformation, vol. 9, no. 4, pp. 403-413,
2007.

[17]S. H. Alizadeh  Moghaddam, M.
Mokhtarzade, and S. A. Alizadeh
Moghaddam, "Optimization of RFM'’s
Structure Based on PSO Algorithm and
Figure  Condition  Analysis,” IEEE
Geoscience and Remote Sensing Letters, vol.

15, no. 8, pp. 1179-1183, 2018.

[18]Y. Xiuxiao and L. Xianyong, "A method for
solving rational polynomial coefficients
based on ridge estimation," Geomatics and
Information Science of Wuhan University,
vol. 33, no. 11, pp. 1130-1133, 2008.

[19]1Q. Zhou, W. Jiao, and T. Long, "Solution to
the rational function model based on the
Levenberg-Marquardt algorithm,” in 2012
9th International Conference on Fuzzy
Systems and Knowledge Discovery, 2012:
IEEE, pp. 2795-2799.

[20]X. Wang, D. Liu, Q. Zhang, and H. Huang,
"The iteration by correcting characteristic
value and its application in surveying data
processing,” J. Heilongjiang Inst. Technol,
vol. 15, no. 2, pp. 3-6, 2001.

[21]Z. Xiong and Y. Zhang, "Bundle adjustment
with rational polynomial camera models
based on generic method,” IEEE
Transactions on Geoscience and Remote
Sensing, vol. 49, no. 1, pp. 190-202, 2010.

[22]Y. Wu and Y. Ming, "A fast and robust
method of calculating RFM parameters for
satellite imagery,” Remote sensing letters,
vol. 7, no. 12, pp. 1112-1120, 2016.

[23]Z. Li-ping, L. Feng-de, L. Jian, and W. Wei,
"Research on Reducing Term of Higher



Order in RFM Model," Science of Surveying
and Mapping, vol. 32, no. 4, p. 14, 2007.

[24]Y. Zhang, Y. Lu, L. Wang, and X. Huang, "A
new approach on optimization of the
rational function model of high-resolution
satellite imagery,” IEEE Transactions on
Geoscience and Remote Sensing, vol. 50, no.
7, pp. 2758-2764, 2011.

[25]L. Tengfei, J. Weili, and H. Guojin, "Nested
regression based optimal selection (NRBOS)
of rational polynomial coefficients,"
Photogrammetric Engineering & Remote
Sensing, vol. 80, no. 3, pp. 261-269, 2014.

[26]K. Sastry, D. Goldberg, and G. Kendall,

"Genetic Algorithms," in Search
Methodologies: Introductory Tutorials in
Optimization and  Decision  Support

Techniques: Springer, 2014, pp. 93-117.

[27]J. Kennedy, "Particle swarm optimization,"
in Encyclopedia of machine learning, vol.
10: Springer, 2010, pp. 760-766.

[28]M. Jannati and M. J. Valadan Zoej,
"Introducing genetic modification concept to
optimize rational function models (RFMs)
for georeferencing of satellite imagery,"”
GlScience & Remote Sensing, vol. 52, no. 4,
pp. 510-525, 2015.

[29]M. Jannati, M. Valadan Zoej, and M.
Mokhtarzade, "A Knowledge-Based Search
Strategy for Optimally Structuring the
Terrain  Dependent Rational Function
Models," Remote Sensing, vol. 9, no. 4, p.
345, 2017.

[30]S. Yavari, M. J. V. Zoej, A
Mohammadzadeh, and M. Mokhtarzade,
"Particle swarm optimization of RFM for
georeferencing of satellite images," IEEE
Geoscience and Remote Sensing Letters, vol.
10, no. 1, pp. 135-139, 2013.

[31]S. Yavari, M. J. Valadan Zoej, M. R. Sahebi,
and M. Mokhtarzade, "Accuracy
improvement of high resolution satellite
image georeferencing using an optimized
line-based  rational  function  model,"
International journal of remote sensing, vol.
39, no. 6, pp. 1655-1670, 2018.

PP

80 Slellbl (59lid wsigo — Sliudg Ju ole 6y s

1A jub @ pguw 6 jlod @ muids Jlw

[32]S. Gholinejad, A. Alizadeh Naeini, and A.
Amiri-Simkooei, "Robust Particle Swarm
Optimization of RFMs for High-Resolution
Satellite Images Based on K-Fold Cross-
Validation,” IEEE Journal of Selected
Topics in Applied Earth Observations and
Remote Sensing, vol. 12, no. 8, pp. 2594 -
2599, 2019.

[33]J. Kennedy and R. C. Eberhart, "A discrete
binary version of the particle swarm
algorithm," in 1997 IEEE International
conference on  systems, man, and
cybernetics. Computational cybernetics and
simulation, 1997, vol. 5: IEEE, pp. 4104-
4108.



Journal of Geospatial Information Technology
Vol.7, No.3, Autumn 2019

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Optimization of RFM's Structure Using a New Reformulation of
PSO in Case of Limited GCPs

Saeed Gholinejad 1, Amin Alizadeh Naeini 2*, Alireza Amiri-Simkooei 3
1- PhD student of remote sensing in Department of Geomatics, Faculty of Civil Engineering and Transportation, University of Isfahan

2- Assistant professor in Department of Geomatics, Faculty of Civil Engineering and Transportation, University of Isfahan
3- Professor in Department of Geomatics, Faculty of Civil Engineering and Transportation, University of Isfahan

Abstract

Metaheuristic algorithms have been widely used in determining the optimum rational polynomial coefficients (RPCs). By
eliminating a number of unnecessary RPCs, these algorithms increase the accuracy of geometric correction of high-resolution
satellite images. To this end, these algorithms use ordinary least squares and a number of ground control points (GCPs) to
determine RPCs' values. Due to the cost of GCPs collection, using limited GCPs has become an attractive topic in various
researches. In this study, a new reformulation of particle swarm optimization (PSO) algorithm, namely, Discrete-Binary PSO
for Rational Function Model (DBPSORFM), is presented to find the optimal number and combination of RPCs in the case of
limited GCPs. Based on the fact that the maximum number of RPCs, the values of which are obtained through least squares,
is twice the number of GCPs, the particle of the proposed algorithm is composed of two binary and discrete parts. The discrete
part contains the number of rational coefficients that can vary from 1 to 78. In the binary section, which contains 0 and 1
values, the absence or presence of the corresponding coefficient in the discrete section is investigated. This method is not only
compatible with the nature of the metaheuristic algorithms but also significantly reduces the search space. The proposed
method has been tested on various types of high-resolution data. The results of the experiments indicate the superiority of the

proposed method in comparison with the conventional approach in metaheuristic algorithms.

Key words: Rational Function Models (RFMs), Particle Swarm Optimization (PSO), Limited number of GCPs.
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