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1- International GPS Service For Geodynamics
3- National Aeronautics And Space Administration
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7- International Terrestial Reference Frame
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2-D and 1-D Relative Statlon Confl.danca Reglons (95.000 percentla
FROM TO SEMI AZ MIN-SEMI VERTIC DISTANCE PP
CHABMIAR HAJIABAD 0.034 107 0.013 0.028 576954.31 0,06
CHABAIIAR ZADOL 0.029 105 0.018 0.026 641774.52 0.04
GEMAVEN ILAM 0.036 102 0.016 0.029 595670.34 0.06
GENAVEI YAZD 0.033 94 0.013 0.027 447668.30 0,07
IIAJIABAD KITAR 0.050 111 0.036 0.033 1567675.7 0.03
1IAJIABAD MATERA 0.070 119 0.036 0.047 3757570.7 0.02
HAJTABAD YAZD 0.027 106 0,612 0.021 418869.17 0.06
u:\.n'uan zn:mk 0.027 95 0.012 0.021 619462.89 0,04 fch v
ILAK JOLF 0.037 108 0.021 0.031 591519.49 0.0 3 5 o5 —
1AM MATERA 0.059 106 0.032 0.042 :7172:0.19. ‘o.o: Fiy JJA’"
1:..:u TE!zllU\H 0.020 90 0.010 0.015 503795.88 0.04
ILAM YAZD 0.026 104 0.009 0.018 769592.80 0.03 L 1] ]
JOLFA TENRAN 0.039 108 0.017 0.031 619950.22 0,06 . o CiLJ
KASIMAR SHER-BOZ 0.021 99 0.010 0.015 298072.48 0,07
EASHHAR TENRAN 0.023 99 0.007 0.014 649736.60 0,03 2
EASHMAR YAZD 0.019 @6 0.011 0.015 516124.24 0,04 e
KASIMAR ZABOL, 0.026 117 0.013 0.023 545404.14 0.05
KITAB TEHRAN 0.050 100 0.023 0.034 1423808.4 0,03
KITAD YAZD 0.047 106 0.029 0.035 1389236.3 0.03
MATERA TEIRAN 0.061 107 0.029 0.042 3034388.7 0,02
MATERA YAZD 0.064 115 0.011 0.044 3450443,0 0,02
SHER-BOZ TEHURAN 0.025 8@ 0.009 0.016 580170.74 0.04
SIIRR-BOZ YhZD 0.024 a3 0.010 0.018 708370.80 0.03
TEIRAN YAZD 0.018 121 0.010 0.014 510602.16 0,04
YAZD ZABOL 0.027 106 0.609 0.021 6€82727.75 0,04
llighest Canadian Order = 1
ZERONET
Geolab ¥2.4d WITS: m, DHS Fage 0028

o l!lltl.'ri L‘nnllﬂtm:- Reglone (95.000 parcent) «
MAJ -5

SEMI  MED-SEMI  MIN-SEMI ‘
PROM O (AZ,VANG)  (AZ,VANG)  (AZ,vANG)
CHABAIAR HAJ IABAD 0.0 0.09 A
110, 47) uu 1:1 22, %)
CHABANAR ZABOL 14 024 0.019 641774.520 0.07 A
1z, sy ucs. 30 (s, "23)
GERAVEN M 51 <018 595670.341 0.09 A
(105, 44} (2ca, va) U )
GENAVEN ¥AZD 47 0.026 014 447668.302 o0.11 8
(99, 45) (as4, 42) (356, 13
HAJ LARAD K1TAB 012 0.042 0.034 1567675.714 0,05 A
(118, 43) (216, 12) (310, 44)
HAJ1ABAD HATERA 0.088 0.055 0.040 3757570.705 0,02 A
117, 34) (ns, 8s) (313,
HAJIABAD YAZD 9 9.018 0.014 418069.174 0.08 A
(108, 44) (270, 44) ( 9,
HAJIABAD zAnot, 08 0.032 0.011 619462.895 ©0.06 A
(103, 44) (246, 39) 53, 1
ILAM JOLFA 055 ; o.uzjs 0.022 591519.491 0,09 A
e [ 113, 46) (as5, 31 ( 1, 200
. )1 ‘5""’.}‘“’ v JJ Lan HATERA 0.077 0.047 0.036 2717220.082 0.0 A
(106, 38) (282, 52) { a4, 32) 2
LA TEIRAN 028 017 0.009 503795.884 0.05 A
ASc. u‘_ﬁ_j ks (99, 42) (237, 40) (47, 22
. £ C’ ILAM YAZD 0.034 0.020 0.010 769592.798 0.04 A
107, 36) (264, 52) ( 9, 11)
. JOLFA TEURAN 0.058 0.030 0.018 §19950.221 0.09 A
e (112, 44) (266, 43) ( 9, 14)
EASHMAR SHER- BOZ 0.028 0.016 0.011 298072.479 0.09 A
(101, 39) (265, 50) ( 4, @)
KASHMAR TEHRAN 0.028 0.017 0.008 €49736.596 0,04 A
1102, 31) (255, 's6) ¢ 4, 12)
RASHMAR YAZD 027 0.017 0.011 536124.240 0.05 A
198, 45) (210, 33) (338, 26)
KASHMAR 2ABOL 033 0.018 0.015 S45404.140 0.07 A
(113, 50) (a0n, 40) { 23, 5)
K1TAB TRIRAN 0.085 0.038 0.023 1423888.449 ©0.05 A
(105, 331} (248, 47) (360, 19)
K1TAD ¥AZD 0.086 0.036 0.029 1389236.334 0.05 A
(13, 410 (238, 33) [a4s, 32)
MATERA TENRAN 0,078 0,049 ©.033 3034388.733 0.01 A
(209, 36) {274, 53) {14, 7
MATERA YAZD 0.081 0.051 .016 3450442.996 0.02 A
1134, 34) (296, s6) (208, 1
SHER - BOZ TEHRAR 31 019 -010 580170.740 0.05 A
(91, 113 (29, s5) (353, 15
SiER- POz ¥azD 033 023 0.016 708370.801 0.05 A
(96, 40} (209, 25) (22, am)
TENRAN YAzZD 075 o014 0.012 510602.162 0.05 A
3 (122, 41) (305, l!} l:lJ 2)
YAzZD ZaBoL 0.038 .02 009 £82727.749 0.06 A
(110, 4s) (268, u) t D. 12)

Higheat FGCC Order = A

Lowest FGCC Ordar =

Highest Canadian Order = 1
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2- Interative Procedure

3- Phase Screen (Detection of Out lier and Correction of Cycleslip

4- Triple differences
6- Cross error and blunder detection

5- Mathmatical Correlation
7~ Scale Covariance Matrix
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1- Internal Reliability

2- External Reliability

3- Difféerential GPS

4- Wide Area Differential GPS

10

lodraoyi -1«

20l ol Bl g b=
iS22l 5 gy Olpl 4 S35 5 Jlad oKz}
3l o plonit 5l a1y s a2 JLas!
;3 RIYDEH oo 3t 5,55 slgalRany!
b 48,5 3 ANKARA ; ol s
335 a5 Lilods3 K b g Lol o
33 4o o 4R 93 ol OAS JWb Gl ey &S

g 0ol Jlast 35 3 g olany!
v possgYlchocile -0

NSyl ko g i 3 Ghha Sa) 5o

gy gi-.érf.(:::...f‘;b)g”—y

Sshie i sl bt et -
945y paonts LG glhs Bl s

skt Y o)l Oliabl kB - &
ol ) o edt waitS glalh 5
wdd R

S 8l plg a7 A

L sl a3 oS e Bl bty
3 ol glallas iy 5 Ll Jles Gl
ol g N S SS S ¢l u‘-‘*‘
(Full o 0 apaloen bl 55 Gilisls
Covariance Matrix)

S ol ety slgis Sl 4 5
(o S T B i oK bl Sla
) e aRd cds b Yo 4 by Ll sl
a5 (e BL) V0LV e Gllas 50
5,8 Jays (PPM) o/ VGe/o) i &) 50
W

slajlles 3t sdal s SlgBs - S
3Bl o o b olasealils) ge

st bli s olase w0y — 92
Sl iy 5 Laeylpala Gods Slaza

Sy R 287

o 45t g4

3 olizad b jho aSd & b g0 Sldas

£/0 e & SYS200 aslS 5 45 glaoi ;S
o3\ 0 oyl gl 3 asb Yo 5 Lecels
il 50y ¥ o by (Ghaalie ader a5
L okt (555l aor (lanals 23l ol 00

C)J_,_.JL?) D)9 A.ISKI Jb”ff' 5 salazl



oLy B e el n sl utige

23l ki 8150555 50 Ken 3 (5 5la

U 535k s (595 00 plowl (653 850 Sen Jorlye S 1) Wlie a o5 Llga
AEb o 25 s b g Lo ged o g

'.'%JJ)}_-_J u..f.l;.i.f«.. ;ﬁ‘-‘*‘JL:-’JJL"ll’."'l"U:':‘J—\
¢GPS glo )l yala s SaS w0 blE bl peses =Y
£ 83 P55 eslizal b g loulor pues -1

:@ffJ;JQqJJuJ%J:JHM li2r] prads g5 — il
¢ 5 sdiza 3 -

[ RN

3 Gl 4l lealSa |-

D iy S -

[l gz 4 47 5 OPS (KaSy bl s s —

' ¢olej Shals-

falin 4y 50 -

¢ J g8y po Zids —

(s oyl ale L 5 s (om0 3 48 bl 1) praes o) s aai -

RIS B 5053505 By 4 g ol s (o =
iulLSJJJ.L...CJBL;L-&...:ML,UJUUJJLL.-—

653 a5 all g Famalin Ol =

\#



(Y# d‘g)'{ o ke Lr:-h J. ‘-6)‘5)14-:'3:' #

€3 4> g Lgl.na_)l.ui:...J solpaarygl p‘\.l S, Sojlul g laalie plol -

o3 03 45f 805 ta (5,53l 5 Slalie Jlos 5 4520 -
3 olaole Ol ool sl 5 216 B8 4 -
Jl syl o i Jle VP o0 bl gl o -

ﬂ&“;&wa‘ﬁébuﬁ\m’\
Jab 4 Pl el e s (595 9 Hi2 90
L yd Kbt 5 (VYo Jlu 53) 20 OOV
Es a5 (VP Ul j3) efoe Jyb
(YFY Jlw j3) malooe Jyb ay e 3.9y s 5 Sy SIS 9 S5¥e 5 A \YPA olasls Z¥\ o35 f_J;J;U,

“wh &y 1,;,".919'.,.;13;,.5 O R P R E e E B AL o b 5 20 U 3 g s g3 8 sl
AL el YV

iy

-y

Il s o Sl et slaow
Llosgas I 3 Jlozd ool 5 OIS Oljee s 3 35 4 Cpnd y il ) e 4
o3 ST 3 gy (659 539, 5en Slibas ¢ Shades 5l 5 Oliseb!
D3 ! ...;....,b_,J.xﬁ..Méj)éjajjjﬁa&bﬁﬁlsﬁbiduaaldu
(s PR Y J,(.i.'-' sl2l
K58 (lho 5e2) $8 Ul 33 3 37 3o (Slho g 5] pSas 030 3 e o fp P -

3 e a5l S e ) ¢ (GPS 5N 3 30 sl «J pors

W PRV K o o g;ﬁw),.x.,@ucsu&,.hlﬂl,.L.JlL,,L,iL..L;:.—
¢l by 5 LplSa) s -

) okt 3 = (S 031 (Slgalaus 5 Wyl o immnlin Sl

M d - o o g S o3l 5 laalie plowil =

3 6o pais Lol - Il sl Jsb 5 Slsloe  lalin oy 4325 -
AR 2 stluler Ol5en (el 3 el 9 268 RIS 48 -

NsYfe 0o &,r;...,...;u,u_h:a_y
(S olacd ad) 3 S s o ‘_’J'tiﬁlLg.'-'n'JJJ;_ng:_,?j_,_,i._.-dudﬁsnj‘.mO&|d§fﬂﬁhcdﬁjtjs33l£
w653 3 sk yr O 3 39 3 Slerr sldaions 53 431 e 0uBloa g S
;S;_Q@@deﬁfgj\xloliabd\g[;«faxum&bhebgu:vl{w)a

i 2l5” 23t o e 5 s
S 031l ay 53L5 pRee ol =
R i ol e ) A
ROWEEINWH LY |
Iy (5 S 8300l Ol 35 p s 02V L - 13,25 518 aalllae 5 po sl i on ) ol 5k 0
S r't;ul sl e P
ol po akis SsS o3l Olay - f-)\"’)-’)hjr.:“a_uﬂ.‘\’_‘.ﬂ—\
5.3 gt haw (11 45 Camsl 45U Yo o . GPS (gl | yala e (g51lel; 9 sl =Y
S a Jsb 4o\ ¥ O peledS b gy ol g Slodaus G sl Y

3 Lg,__;njLLH 4 50 e o =

'Y



e ——————— FAals ¥\ W35 50 33 e s Al F QL{,,._,J[;',J)! Lo

Gl Lbs S g e e 4 0 s
o sbats 5 gl ol i
ol oolrb 4 5IUT (6L et
ahas \ Y (Y oled Ll VY s yis)
Sl odns LS5 abaiip A3 S b
A{Lﬂfﬁ:%f-_,.ue)ls-ul_al
SUEad 33 O peaslenlS T 5 b g3 L3
Syt Gl e Jliy s

A3 S ol

.L.oCJl’.- ‘L(...J
sla Coedpn 6105 83,52,S1 LG

ey pubidia; K 5l tadae s
S A a5l g sl s L8

“ i b pats Oljle 1909 Jlu s -y
6-1.«.....1)_: ljh‘_b A_SJyWM 101 LSL“"L'J:?
..15|n:_,._. t)Up‘u_. aJlia

39,0 S0 o)l Jads G b)
O 3 3 0l b 0Ll 55 s gl 03 95
Geils Ol pae 5 ;805 b 5 0lej
280kl 1o gue) s GPS Ciluaalis
3 (el ol I, Lt e
el slad o alKanl 0545 2
3323355 g 0 59y e 3l Lzl OISl
23 9 0di,S zdls jlas s L ol Jb>
5L Ok g Ses 38 5 Ol o 2aS
Ol e sl sl LayYy sl

2 gad et )y ol

2 Pl Gl slaaSis sl -1
O gams loalS” oyl

g0 3330 ol 33 48 aladl ol

SLals § Sl 4.,15‘5),7@;_- FOHK 1
Sl 028 545 e 4 500y L
e gy g0 gy s il
omb ailie yuu fe Vi¥o oo glanii

Sl S5 5 0 S auza L Sajly
S el (8 ) S

23 el s (Ol -
GIS ozt &, O Jash y SN 5L
el ol s U sl

Pl S S Gu bl Y
S or Jan S 0 4 (el (65 4ealS
3093 0l b aslal 9 J 28 LG (o !
el Sl g A il s (81
S Pla) G b 00505 4 eyl b
o s S5l cl Gl OISl e 5 G5 b
bl 0¥ slails 5 Sledbl Ll L
e By ol Sl eslinad 4 3840 Koo

SN a2 gl 5

_g!'gf_,‘b r.........“.a" - dj“ﬂob‘, sbw/-Y
GPS

e 5 OULS L S W
Y490 Jlu jo ol JJL_; Sl yala

J"’:J“n:l“‘fdl’-let,"a:ﬂru-_ =2 IJLQ-:G-E

IBM 5,5 -\

o =\Y

(C5,6) 550 amio -\ A

233 a0y 5l el J 8 o84S -1

Sy 6l palii blii ans ~Ye

303 Oyda SV A s -y
(1596 31 5,5

il
F o —— ] e S 33
=~ | Ll £
—— = R | I et Tl 10 ﬂ—l
i_'-E_L'E)l“-"m (f-—-—-—iF—'—'_'—‘r,Eia [m i ] :®." |
bod ., e Py
]®®E] -t-.;ﬂl Rt TP
_T',.Z.'w_'J o nF s
N | pmaboliiny 1 5 A apd e iy

e § Jly 5 25y -
sk e sisls gy Algh=y e
i i oy 5 R
d)}_—‘é—ﬂhﬂ:"u*\\'

S e Uti Ey—\\'
SN S pas -1 ¥

Fldie 25la 5 8ans 10

) andl 55 5 e - ¥

(b C\a_r‘)ui --L-Sgb-; -r

J3 SE6 5 e San Jydil - ¥

Sl aas ol 51 8l s -0
Jias il g e sSre J il

SapJgli -5

M aay -V




("9 ‘_‘L:;)\'.IJLJ nrzlll JLM td_,h,gt.:—a

Bl 5 L5 g 195 2 YU (g pdyaleze!

e )l 455 59 koo =¥ 0yl 42 . &5 ralas oL &...-. 2l o). $6,S5
l NCCER NPT VET bld 4 Jy azils
39 aalaz ol J.l\i u.;-u'l.’:‘ bl U‘_}..G “ b
IS iy 3 L5335 Blond Dlalons
St :@‘;3‘}{554 o&..-.l_“’i.hijn)'te)}r.d.l
ale s ap s ade g gl &S
i) 43'(-5-3_’) \.Q_JJ_J u;\’!_ﬂ FL LJ‘i UL":—"
S 5l ke ol .r.L..\..i\SL-;- L))
° e ey St Ve &5';—! __,r_; ‘_"_“,L“_. legu_;d_guwj
slazal 5 kol suls ; . ;
Sas 4o (loyi 53 danis ol Olpeer
XY ool 4 pa BN e ¥ o B
LAUNC i SVN PRN Launch Orbit Plane Status :
Sequence Code Date Posilion 23 e "‘{“““-[-’ i"i’JS slowl ()
BLOCK 1 SATELLITES . et 5343 S 01 5y $4 D 2l
)1 01 04 02/78 unusable 7/85 A @ g7 b 4 d S50 5Y
1= 02 o7 05;73 unusable 7/81 Ldg k 3 iy : :
1-3 03 06 10/78 unusable 5/92 P RPR P H CYCOR S - PR PV 4| Jl
-4 04 08 12/78 unusable 10/89 7 L’;_ e x
-5 05 05 02/80 unusable 11/83 camt VL Eaad )3 S gs 05 s S
I-6 06 09 04/80 unusable 3/91 £ 3 . | &
-7 07 y launch failure 5 akaii g J"-l" bl o":b G
i—-8 08 11 07/83 Cc3 operable A v
1-9 09 13 06/84 C1 operable b s eV
I-10 10 12 09/84 M operable.
I-11 11 03 10/85 ca operable
BLOCK II SATELLITES
-1 14 14 02/89 El operable A ($9) 453
-2 13 02 06/89 B3 operable 7
-3 16 16 DB//BQ E3 operable
-4 19 19 10/89 A4 operable
11-5 17 17 12/89 D3 operable As S35 ,kiliy 5 45, shiles
11-6 18 18 01/90 F3 operable ! = G
1I-7 20 20 oa;go B2  operable i) 64550 L s 2 el O
11-8 21 21 08/90 E2 operable : T
11-9 15 15  10/90 D2 operable 4S) OgpladS byl ao b My b
BLOCK IIA SATELLITES : (ol ylas Ly e 55w pp 403Y
11-10 23 23 11/90 E4 operable < g et 1
T-11 24 24 07/91 D1 operable A 53y S S a3 O p W oy
1-12 25 25 02/92 A2 operable L > 3 Ly el
11-13 28 28 04492 c2 operable Sl 2 sa0) M g 90 Juld 5
11-14 26 26 07/92 FR operable o Lada e | o plalis (M
i 2 LB e A3 operable V'i T = “";i""‘ 4 .
11-16 32 32 1/92 1! operable ol ) S N— —_—
1-17 29 29 12/92 F4 operable & &
11-18 sbd sl bal o2l TPAAQ TV
11-19 “
1I-20 Q@Jﬁ)ﬁ)i:}éwﬁa_’w
n-21 i
1-22 Jatg.&.uéj)@dl.al‘sb)ﬁﬂub_ﬁ
‘..A_’.b‘,‘:L;A-LL’J}:JCJL’- dLﬂ'l&:—fl
(1993 & 4i13) GPS glae lgale Surds -\ Jox K s ool 4SS sla My 550

14



\ 9‘-"-‘;“"‘\ dj-‘jj‘

305555 4 0 3,8 g5l
b g 03,8 b o 5 Ll
59 45 L8 A ASAG Lt o yulalsS
o905 ol 9 dw u..l.x_, Sikisied
el FToU o ahai 5 Jeld g5l 3
(F oled w22)

PASTEAE O i it o, 35
bylas Sl potis 23 glad
3 bl gl O o 2 O gemslads
el plulr b oS B Sy
L oAbl g a5 L oS iz bl
Otl Ol Ol g O35 Tl tals
3 Sl bl Ly oS,
3 ) dsles

X

L Obsan Lb a5 (6o e S5:5a311
Oy pladl (6534855 Kea Slanl i
Sl Dbl S Ol (6,051
3 S stlrulr Olipn oyl ST,
Slhe plulr 6504555 Koo Sl
S oo e |y Lyl (1S s

J=ols b O pule S bt oys

PaScul AdA3 Glealle ) o
Lo SaSa o)l 58w Sla s
e R [P PN PP
23 ol Gbaly )3 S o pains o)
3 60l GUSGUFB  eas ol
334 eddiolonl L34S LaeS)l

9 e ds AL ¥ QlSJ.‘i-JJL'JJ‘,gul:laJ

S K5 alYy g, A SNy ey
osled 425) Wi g,likal B G L
(v
ALl i) gy o
4SS sk Gas 4 are g lae i
OF ign ey ey A 035 g0 s
e RUT SRV RPe-L gy FU TN
g 2 Glp caai LB aS us sl
ol i 0 g Sl (6,551 oKz
399 gladboli L 4S5 4 gl (S La o,
@.\.L.-Gb‘s_“...u.:&_.g_li o)l g0 5 2a S
ol ) A2 H AL Lol blis gland, s
(Al oo dw (595 (S48 O polanS Lass
L alayd 5w, S )i Sl
&L"-’u"b‘b u‘u“JiO’:‘. slas,lulaal

956,37 o )lat 8 9 Al 1 I 2 [ 3 I 4 5 ’ 6 ' 7
w3 2y oS Kol A
[ T
et s Xy Ya Oy a2 515253
m, 0.r 05" wr 05" 07 05" 05"
b e SN
i e ) U e osmm | gsmm | osmm | gsmm | gsmm
1My | 1506 | 1.5x06167® | 0.5:0x15® | 0,500,015 150416 [ 1.5x0,1678 | 0,516 ®
Slislle g b ¥ 053 048 0.33
E ; 0.3 035 0.24'
Sl il [ S — —_—— e
F 0.36 0.32 022
0 e s Tar sty
e ey oy men
My 0.7 0.65 0.47 0.44 0.47 0.42 0.29
- £ o7 0.65 0.47 0.44 0.40 036 024
F 0 0 0 [ 0.24 021 015
O | M8 0 | mat o3 | 18 ox | 148" 05 | 125 36 126° o7 | 126° 28°
e A M | oz 104 0.74 070 047 0.42 0.2
S7 | oa (035 ] 021 | 1223 ; gyl = | 0% | jemi| we sy i Bl s 5
T3 D ] 7 F 0.63 0.56 0.41 0.39 0.25 0.22 015
50 | 030 | 031 | 409 | 064 | 052 [ 036 | 45 26" i I | | i PRl R P—
At 0520 = > —-— Sl oo B '"-_-_ :} 167° 55 [ 1n® 18 | 166" 38 | 168" 02’ | 82° 35 79 27 80° 5y
=
AZ | 039|034 | 010 | 23014 | 040 | 035 | 020 2311 5 ¥ | o 091 067 0.3 0.7 c.68 0.49
; A3 | o071 | 052|038 | 30046 [ 072 | 061 [ 030 | 2507 _;. a0 |00 L e e b sy e s (L 0B | e
g: [ Z : b ¥ 0.55 0.52 0.36 0.35 0.49 042 0.3
.5 £ Z 0.67 | 055 | 0.38 2338 | —— —_— —
x, Ad {068 ] 0.54 | 036 £ A 06 Ml el O |1 e as | s T or | estos | 7o e | ve 52
=
2 A5 | 061 | 052 | 037 | 23730 | fres 054 | 037 | 25 26° W | 1es 1.46 106 0.09 112 098 0.68
i A8 063 | 051 | 036 | 20030" | 064 052 | 037 | 31*30 95 E %327 1.33 0.99 S 0.83 0.95 0.82 o.sa
B iy Peadl : -
1 = B 5 F 0.63 0.59 030 0.35 059 054 033
; ¢ 127°59' | 0.36 | 030 | 0.22 | 127%13 ————f e 1
xg v 0'_3_7 030 | 0.22 % 59, = kL i o 1212 | 141" 57 | 141° o4 140" 44" | 134" 38" | 134 53 | 134 30"
Bl1l | o038 | 031 |02 | near| oz 0.32 | 022 | ng sy Mp | gm0 140 1.06 0.99 117 103 074
Bl4 | 039 | 031 | 021 | 157 | 042 | 0.36 | 099 14" 44’ gg|-—). 22 | v | eer ot 4 WO} A% e
e et i i BN —— o F 0.70 0.65 0.43 0.4 0.61 055 [- niss
Cre) " .35 v 109" 56" —— - — —_—— —
BiB | o3s | 031 | 021 | 10506 P2 1035 po.z, | 1ooTs O | not s | vt 2 | 105t 20 | 105 42 | e 2o 80" 37 | B 47
B23 | 036 | 029 | 0.22 | 8737 | 0.30 032 | 0.2 81" 24"
. A == T -
_‘.JJ-L’_' .Lchl»AS,.gu::J‘,‘x%—\'d‘,J:_-

¥l



(v# cﬁ."-‘%n oyled "r:'i‘ Il 0§43 pad /

5] YRR L A PR PPCI | CRERUEEN
s El: $8)
0 oyrlals bkt ME

[Jeeld gstedS Sk

0 s

DMLA#LJB:JJA:’MM—f o led 424

3 b3ty ly s MESO00 gy 39 54
o yams) )yl gl e U N3 oo
..u_:;uu;.,l (55> L;!Llj‘j

JisSA 5 sS\Y s A bl -
...\.1;45:..553

O O el i ad
Al g, a3l (4 b y3)

8y gy Dype 4 23l -
bl s 3 ) sl ilaad bl
A gl

A Sl s

L ob L) g gl SR YL o Slaalia

Y

@ Mlaga bt ey

slazal 5 aloli o lasles

e (59, A5G gy dow =Y lJLs.:-A..f.B

! il il aloe Slp g AEL oo A
oslizal ol )l ol azus 9331 0l A
Jaﬁﬁﬁbmou&déﬁi:.\;
‘5‘.&)3\:_4)1;5)36.\_,_56&'@6&3
ol szl g ok azd S J5ys ol

ilazs SebL yle s i 4o

d.,u:-d, 2,40 dL‘A&.‘J

L.:J‘“L.:—' ‘51-,_3 ‘5):30_3‘.4\_“ {:J"’-" BL
53 3 T2002 5 T3 lacad g3 5 45

533 Dby b 5l Jeol b (e S03l!

st 2o o 5] 4K olml

_J-’Gﬁﬁ_,-l‘_s't.ha)'l.\.‘:tu|4{4,_-}3l_j

:JJ;—).L.,E_L&JJEJJJ:QJJ_‘J_WL;
L,n_L..--dai_u....(.,;....; omly Ve
3 K S Wl ) 0 p 4 S35
'L“'G_U S 3 LS)Q’J!IG_,J:Q‘S}I’_
o) AL R JALS-_,;JSL,,- I
> abiYF g olSy 0 gyl kel £y 52
bt ¢ s (sa Ry S
(O splad aid) k3 S sl 5 b
U (595 T3 mrly Sla prn 04203 olss



\ FAala sy W35 50

B3
=20 omm-2

29 Al § DS 5 055 Lo

JAS s dlona fima 53k 4 U515
o )bss lagg .50 5100 t332)lse 30 505 8
L3 plos

ol colaali. -\._..LSrL?._;I I
Gl s S ‘._.-L....L-»._.
33l a5y b yie e olls
I S el sl a6 e
S e (gl cailons Sy g0y
GMJJJ)—‘JJJM{"’.J' el
.u.a,.h_,.:.._..su..@.za._swr/o,_jcw_
5515 A ) e

Qéubno}u:ﬂ’.iﬂaﬁ

5 ,x,,-.,-,,:_.:.u. iR SRS 2 _“ =
o e 2 ik
§ e, Sl 3
NO |POINT VX Cmm) VYCmm) A(nms Bémm) FICDEG)
1 s1 021 |-032 | 010 | 008 |156.97
2 s2° | 018 | -158 | o 010 | 44.23
3 | .53 -032| 012 0.0 | 009 |634
4 | s4 088 | 209 | 013 | 008 |gy4
5 .85 =079 -155 | 010 | 008 |seop
6 | 34 -0.16 | 1.24 011 | 009 |15034
, | 077 | 169 | 024 | 016 |ses0
8 | a2 -066( -0.71 | 018 | 012 |ggi2
EEECE e T 050 | 018 | 8979
10 | A4 509 | 0.60 0.39 | 014 |gsel
1t | as 0.44 | 0.80 037 | 015 |8348
12 | A6 236 [ <069 | 041 | 015 | 9264
5 | B 1169 | 131 015 | 013 |97.90
" | s 0.1 015 | 013 {8963
15 | B4 ] 1901|039 | w15 | 013 7874
16 | BI8 | 1829/ 010 015 | 043 |e8.20
17 | B23 | .875 | -036 | . 015 | -043 | €634
8 | S7 | 046 |09 | o020 | 015 | 7810
LTI P
24 als .

Ve clgus,l 3(:-:;'3
SN0 20T sl
ar; s s

bl glhe s iay uolis y il ool ¥yt

tSL"Jijj’f;; orils Hlzs s ey b

calzsen (glao g o 33 06 o pas

ol a5l s pln sl oSa )
Pt oLl glad pal 4 lsile

5 . Free Adjustment : \
:L,T
Minimum Constrain : y

S . Over Constrain: ¥
S AS

Sl n.l.an JJJq-)J c_n_L:;

b e 4 h (555000 w4 3Y

252 099 dase O puladS b yhas ol
(=l 5 D) lau, plos 5o 15
Gy e o 3G oS el U yanae
M 4S8 (65585 o slealSans Ll
o 43 45 5 ol 4 4z Wy e
Pl be Al s Ol e 4 e
MQ_,;SU)'JJMJ)G_”J‘P‘J.MJ
b Olasan Y poms ol il s s
Bl s S SS JalSS 5 iyt

ry



(Ys )Y oyled '-r-:h Jla (5 ls paddi NN

.'J._!..LEJJ ,.i—-.-"'

BLs 4 s e 5 51 -
Lall a5 po s

PR S PLIPH N W oLl 3 -
3 Slaalia sl 53 45 OLE5) yass
o Soloaslons 53 45 Olamsgol uikige (U1
eyl 5 S Glarans Liles g )L
el s

CvL.o

DSM.L bade gasl 5 vl
o Slga— Ve ola e

S Sagr s (633 853,558 =Y
i andl SaS 4y iy ) 5 gl
oo lga = Vo g

€833 953 S slpa bl -
oold Olge VY ole crage

ool Olge S o jlad aalihiad - ¥

s Bl S Al e 5l A -0
39y (833 955 3 Son ciilizea

Yy

g oom oS ol Y s 3 O i) 46 gass IS ot i L o FG58> sl Ol
w\omw;,a)h:ﬁJM&LﬁJWp—iﬁbyjmd*f)d}' - 5o
23 a8 i 5o Le Ol ay o 28 >0 S

b 0Ly cansYU b O35 S35 cns 4 B DS - o 2k F osled Al
.u.x,a-ot.:;b;Maoggq,bqa;-u@udzslc)\s,»w,-.:__{nvgu@
.MJ.:AOL-‘EI'Uﬁﬂé\‘l{)ﬁmﬂ)w_b’wqh’jﬂawfl}:ﬁﬁ45&/\D)Lh:li..:..a
Andee 0L ) esYU b O35 J5s a4 036 S5 o 2ty 4 e 4885
OL:ch.u:Q.g_L;Lzbjéu@ucwqrjuolsfw;‘:ﬁs\o-_,L...:«:.EJ
B
..\.h..l:.-al..t.ibs.:....uﬂl{_,s:...noﬂl.éwquGQ\SfQ.ULL_{&\\a)'\.a..bd.i.'a
(el r'u:) YU g s by a8l JLS Ol o\ Y ojled il
...u.x,.aLf.si)(‘ﬂL_,&,‘bv._i,b.:)Lg;r.aq.lt...ilu'é'fm"oJud.B
3.8 g S 2 (gl B N ¥ 0)led 42
.M.L:»OUJ\)AJLJ? sless &_UJJ'IGL;.\_,..; ‘uﬁ‘ CJLSJ? N0 o led id
.;,_i;ug;.._lwquh@;wg@d@@,ﬁ;ﬂmf.)L...:..:.zs
Al o 50 Allie cpl Ll 5

“'!JJ_}L".""!J.)"‘E"‘—""S;"Lgf.ob?‘)JL{JQ“l’JJJr;*“M’J{.J;C;:‘JQTCSJ"
_.J)'IJL'FL'L‘_’\.J'QJJLQJB-&.G)JJ;_.E&

wlfﬁ.lﬂi'u.:j'p’-_,;bq't.;rpnﬁ‘dﬂﬁél»h):df_,&bﬁboyd
a;r‘au'lJY EEEFE t.CJJJlSLs'LA.L.- dy48 32 J‘j‘hui)bgq As.-.\_-'ljc sl & glaza

sl gy 94 P70

Sldalie fpsf

(0L sle d J2e) Sl ) 8 (sl e e J2) L 51 LS L Sahaldn

tL&JJ\wjfLaJMJ:JQTﬁBBIP@JAL5|j|4.5_,(d,§l,-.)...‘}i.a)k5ﬁ§;\&?)a
S 3e 53 235l 5ol st 3 =5 Sl oy Il gy 6 (3l Hlgs (Jla)o s ol
3 0l ¢ o cal315 355 pl5in 3 New 3 g3 el o gy 1 WL S Dl 2 0l
il (5,5 03101 SLSG ole s a5 g s gy 395k Jin pladas 53 B30y
s plowil Glanlze 85505 G0l 4 5l LSS slaga p Jilis B985 30 0 Liasid

RO



—————— PAalas- vy A3l; 50 U3 dedes AL ¥ QIS)»_,_,L:i_,Jg“&.IaJ

o sVl Cons 4y B OS> oy 35— ok a2

A1(mm) +5.7

H=272.91
+5
M N
- .
s g - e o o s 27 BI3 O 35 g 02— GL’
10
15
— 9 by H=267.9-268.7
— e H=272.91
- 5 - b0 4 - - & A%
hwaakwqu‘lluu?w—VUk—M
A 1(mm)
+5.
0 c27 A iel5
. B7 C8C5CI CI clz OIS 618 Gi5 O Gy BT CI9 CE0 TN Tl B T c C
-10
=15,

H=240.1

— 9 &, H=267.9-268.7

e L p’;’r. by H=2401

hcuaa,_chuaYt!c.“quﬁloUpr,‘.:‘,rujh-A bl 23

H=272.91

C8 9 CIo Cll Clz €13 Bis ¢i5 Ce Sy 513 i EL

C19 C20 C2l C22 B2F c24 25

H=240.1

— (»drp H=267.9-268.7
— o deps H=272.91
— e, H=240.1

Yr



(Yg ug‘-_-;)" °JL~—:'- t-r:ﬂ Jl td;‘-‘l,guj-i #

st h:-déyL! st 4-: r:G G:J‘SJ? r‘d_}sb-‘ lJL.-:O ‘-E
A\ 2(mm) +12 -H=240.1
+10.
+5
LCS LC6 LB7 LCB c10 . -
0 LCY L LB11 LC12 LCI3 LB14 LC15 LC16 LC17LBI8 LC19 LC20 LC21 LC22 LB23 LC24LC2S5 LC26 | ooy O ; CL,
-5
ppidp H=267.9-268.7
i rw)g‘,f H=240.1
— =¥, H=250.4-251.6
- i - BT - . = & a&%e
; Mw:uﬁ‘!wqrﬂhuufr‘ﬁl \'lJLn-nM
A\ 2(mm)
+10
+5
o] L8 L6 LB7 LCB LC9 LCIO LB11 LC12 LCI3 LB14LCIS LCI6 LCI7LBI8 LCT9 LC20 LC21 LC22 LB23 LC24LC25 LC26_y r97 S C\;
= -4.2
H=250.4-251.6
i gy H=267.9-268.7
— . piedy H=2401
. p=dy H=250.4-251.6
h@:w_g,hé?‘gﬁmﬂqﬁu stﬁ-ﬁﬁjriﬁh-\\ IJ‘-—:‘:-Z
A 2(mm) 1o P H=240.1
+10.
+5
o] LEs Lcs LB7 LC8 LCY LC10 LB LC12 LC13 LB14 LCIS LC16 LCI7LBI8 LCI9 LC20 LC21 LC22 LB23 LC24LC25LC26 4 oy e t\_—,
- -42
H=2504-251.6
— e, H=267.9-IZGS.7
\
. pleds H=240.1
. 2y H=2504-251.6

Yo



\ FAals vy dﬂjjlﬁa_,_,.l:.r.d..dl..f QKSPJJl:.iJJ._.J._.bJ

TV ke s GBI o 5571 ¥ o8 0t

(o k)

Al{mm)
2 +3
e L L L) o
= T S S g STy (e o)
-8
Al (mm)
5
o.
-5
=io.
=I5

— paaden Ty H=2679-280.7)

s g Ao TV H=268.2) e a3 jemdle 2 (T /8 Ma2558.1) e A dea(ITYI/Y Ha230.4- 2362)
————s  phsier (IPYUY . Me2m2.91) e Azl pa(irVi/e H:240.1 ) —— A de (VY /1 O;-I =199.0)
e T T LY H=272.2.2T1.3 ) ———— ,.u,‘ﬂqda-ﬁtn‘h-rv Ha2429) e Ay e (1YY 22316 -232°3)
o pAdiladesOTYV/Y 412683 ) e paapldalep(iFYe /A Hr242.6) o - gedeps OVFYYIY  HE250.4-250.6)

(AR A DYV I+Iwom rﬂ;‘_‘u_l’ul:- Gy VYol s

(bl gy

e P UEAOPY/Y | HezeTs.2seT)

e W A0V He26B2 ) g ',..'.:..d-,-nrv]u We2ssi) e phdis dep TV Ha238.4.236.2)
et A (VY H=272.91) ——— jﬂ,h{bp‘ﬂ'vu' . Ms2a01) mie  pAdsadea(IFVI/Ne Hef90.9 )

Smmee - pAS N (WYY Ha272.2-271.8 ) s I arYI/Y  Me2429) T e | Rl e (I N3l -232.3)
= A3l B OVPYA/Y He2E0.3 ) —— ..n,’lud-.mn_‘u Hezaz.§) ——e e VAT He250.4 - 251.6)

Ys



(Y7 W)Y o ylads ‘r.'.'.h Jla (5 s paddi /

53 phedesis ) g bmlor 57—V ¥ o let A2E

it
R (mm) 457

prr e He2619-2687

i9

&

3

b

“’I pa—— L
9

!

e HelEd2 — ey HeISS) p—— in e W2 41262
ey WeIR2E P L — psades HelIR9-19R0
ooy WaII2-INS ——— iy M1 — g ey MeINE-223
He2683 — e, W3S — s HeZNU-INE

3 g pdem a5 Slulr a8

..l_a_;.:.-l

-
oy
n
—_— e 1T
——— e WSR2 — Pl ey WeZSEY . e, He2M4-2362
— ey HeITLY pumm——— P L L L]
— iRy WeTTL2-INS e e, He2419 i des He2I6 -131)
e il des RIS — A s He212E — s HelS04-2516
LS el

SireiaSe s o 5 Al YT @lea_,.J—\O ot AZE

(Bl a7 442 pdzgir

L ol et (c)

29 gt e 3 sy aiin (36 ol 1,590 -V F 0 lad 25

i Al ()

/\\_//\\//\v

BMl-1

e phe ] phee cl.‘.z_,l (m)

Sy R T LR L LR TR
pled bk g o5tal Jola

Yy



(ol — S5 o&ils s ¢ 4le (6 pzl 1) Shaobo huang, Ryosuke Shibasaki & Others : OB

3 Sl ol GladSl 4 )
ol e by K el b et
$laasls cpl ol slas on e gt
ST G P by ey 0 b s,

D3 0535 g Canad pa e

T 53 asSs & ylize (slas 3l

Lghus:ﬁ.}' <yl nJ.'.LSQ:n_a tSJJJ
g Ll L,.;LP slasals Sy alzse
3 .LLia J:.‘ 6‘4.:..;4 Lgl.&n:i.\ U‘-‘ > l_,}{.ﬁ’»
ok (e 2y slaesls & il 5 sa b ghas
hLS a5 Gluasls 5y, K iyt
C_,_n R )l u,_a.l_hul.\ ‘_,..:L...-T “ ..L:b.?dﬂ
L: |J?.§_.§B ;:JJJ.; U'-’-""“T &Ub _,,'.'.'J_,u:u
P e hles plisl KU S

ool S rana ity SYUie 48 gasma 1
233 5l v
2- North-Up "ZoT" Projection
3- Raster data 4. Multitype data
5- Multiresolution

GIS S e ;J_:a_,l wLJJlSL;JAn.- ) C):"l.)
“rayie

0338595 25k 4 Sler ph 55 s hooea 4 by e Sl 5l sl s
sly S GIS K 335 00 ozl Ll STLB RO PYIC SN P 355 4y pges ax g
Soheie S5l o s Slalllan 5 Slgr oy Jamna 4y by 0 eI L 1S ke
oS gl G gl Ay K (6,5 Fr GIS S abowl  anu s 5o .,
3 Jsb oy St U ganan y gla ) 2y sy Al sdas Sl j g 6 3l e
plrsl g Laosls 05055 30 o8 Olsee Uy asls oS s s s blE ,Lihas 50
SIS SRS By G5 1 65950 51 g s ol o 2y oo W Ludos g 4500
el ol 5 9olal3 (sl ol (8 gunass Sy 3550 53 e sgiae
2 gedal gt Celin b Slg GIS (gl ol o sl 08y g5

Bt e ar g 5l i il Sy s flie o5 9

033 Sy Ak 5 150 Sle> GIS (Sl s e s by e Oladllae 5 .ol
.\s'l,_.;T;,t.,,_m,;_-.__u-L,,.,qj,x,‘_gu.;uu:u_u,‘}g,.;,qﬁm.,_ﬁ.u
AR (8l mmlin by ok g5 5 e 59 5 ch 535 2 Sl slaesls oyl
05 S35 e (5 S S ApdSd By, i o JSE ) Sler GIS o gl 51 S

YA



(Y8 g)Y oled (pia Jlo gyl palds \——————————————— e ——

3 oalal (g b ol ST S
LU gy ol gl lra g 020 I
34 ga j;.llfj 53 Waesls L’..n't.uall Sl
DL i am g BB sk 4 GIS
ol el Jle Sl e o ooplply
I s s g SRSt Sl
ploy giny 503 48 gamn 5
* o5 it o] 2 (5 S
g 1) L ol 93 L g pe ol
e (ka3 Amios S (5395 2 SIS
3 eslizl L basis i | 0 g gt
sloul a3 dmins ol (895 (SAUASS
AS-;..J.J..?.U.-....LP{,JO..‘IJ:.JJJ..‘AJ;
Ale Ll cole) ($odais J ol
L,.:.Jl}a e 1 )).L . Laesls P\ C e
i s by Job o g e
ot 3 Jsb L s o)
P Sl P
(W. Tobler Z.Chen 1986) —>lws
GISW‘;J:@_\J:J-:‘,{W)L_&IJS
s B g 5182 94 sl Sl
sl gl )is Ypenas 5 428
L by b grlrlr ol Ot - 4S s
ol ST 68 (6 oS s AT
Shalad g g5 a5 4 Ol (S5 gt
.;J»ng)x&,jpow.m;
o o b)) JEI.L-,- W Sl e
K 85 2 b Al 35 e e
S A8 o Jima la3 e e 93 amies
amino S50 0 2P sl cel
3.5 gl Sl O 4z S0 g o0
‘54;_41)_,‘_»;)\.1;;_ Slaosls Lal 59y oo Oﬁjl'
S gy g s S 33 Olgin b

1- Neighbouring Analysis

2- Spatial Query

3- Regular hierarchical data stru-
cturing

Y4

Sk 03,5 33 4 Udas ) ool

&

e o

ch-' S35 s GAaS —

835
e S bl g AR -

P
s S S )
it 3l ealinal U 9 S gl 8
soul 1) oSS (G 4w Audin
sy S Lagi ol 02 S e
g P
o L gy ot (aSa) 70
.aJ_.iL,JLLa_A.JJ&_J;LHJ
(Coxeter 1948 , Prarce 1978)

Kl e A5 Ky g ) g5 ol
caic 15l 3 loank Sy o5 63
dacdie glaad badakad opl Lol 5 pad
ly 83,5 B ls ooy 5 LAl
lJe‘,_(J.alS)_,la_id.u.b.\J.- S5
S btz ol e ALy
Sl g alais Ol gas plizie 695
635 Gatidia sl ) phie g g auaSd
S s b e gbass
) 3 e K Ky g S 4 o) pe
sdd patien g adin ) e—S0)
01,55 5 Denis White s g1 45 o
i Of 5o yedss Salgada 144Y Jlu 2
O A Sy SRS Gl ot
Sl (Slgbigy 4 S el 5
b S 55 pdaw (S 9) 5 it
sy onl bl S e slow! F‘L"' Jal
L psly 9 sl bl Ll g e
il 5, 5 Jb il Slaza
Sl osliie cpl 4 Al sl azdls
gt 4 S8 4 oy ol
A a u-u-’T a1y b esdle

Sl (535 1 S35 A
s 3e alas 3l ¢ Slezr GIS g5 2l
3 g 3 S el F gt
Sl sy 2y Salonn (Sl oo
_L.;I),_tu,‘;,uwﬁ@_a,;s‘;:m
3 E3S SHuaSd o)l
Sesls () Jaoes 4 by, Olallas
(s S 535 11 b Sl SRt
pyal gl yo e 3 sk Slatha
Gyl Slaals 3oyl s 5 e e
s ) ol S XS e o2l
S92 Sy Sl gr 2T 9 e
Wl il 2 5 sk dmine
SIS gauas @ola)ld A o)
S sobus K8 i asle 3yl
Caldoa (Lasals o 03 50 );JU_JJLS
JE3l s gl ploulr o oedad V'h-"u
o3 g3 S ShalS dusl &S ool s
a3 ga b b g 4525 plal g Laesls
i Gk K ) L ) e
Oay 45 ¢ Slgor GIS annys ¢l
S aSd sl 4 b gl
ompis Slaamlin 503,559, b 595
oS wade plonsl L ol gl Sl
L 5 et 55 ol Sy Jolo
Uil slaslae 1 (glas gazen 51 eslizul

2y oo gl
S35 s K sl 2, ()

055655 slaBay 2 Sas— (1-)
Slr GIS (sl (544

S GuuaSd glp sdaze slgd)

Jelons 5 s Gl b e o5 e
r-u'—ﬂ - TS O g VR sl—roals
] oAt sty (S (S i



\ ‘jl{-? IGS LS‘,Q ‘SJ; d#’-{“&-—‘- ‘_Gu._;'JJ I

S5 SRS Sl al sl 4 Bgtn Sl 5 550 0 4 422065

:t;--.ul n.l.lT

@?b@fﬁ:dﬁwhéwﬁékﬂwﬁ-y*’

Lh&:-.:OTJJ ‘Sl.;o.u] LJJL"? GISJ) aJL&:—J‘J)}AJd}h)lJ.; LJ.:JJJ cr.?.—:...u L-fll
J.Ll) DEM_jl‘}JL‘JJl—\ ‘)&'h)‘:d‘jl"ildl:,b”'gfdefLMdﬁ*‘y

Jlad i SIZOT Jy5oai LDEM sy (-

B e olss |y oo (Lsn 3 L;ELEJ;J

Lﬂ-‘)DEMﬁJﬁﬂ:—\ G_th.'!

) =
et S 2 o5 s ¥

2 oAl on o sSae ol o gl 2l guas (s S emilS  ged?
il ‘SJSJ"" JL‘_’JILE-AJ. .\LL'.“)JYJ}’LQ_’ |'_’.'-'..v| bl.Lh‘)JXJ.}-"ul tﬁ_’uﬂ: u-.ﬁ.a
i s Shlgdlcia o ol 2l il gr 5580 44l (65550 i

1- Cassini Projection

RS S

GIS Llzsle,5 5 ols 51,5 eslizl 5, 4
25 ol el eslizal L6 Uiz
b g e il GiS
Sande 30 gl gl B, O e

22 g O Laasls

S25 Sy 4K Cilisn (slgdy, (Y-
LI Wt gale] o

St 25z an IS ) g bz o
b 223085 s polaad 1 (§244SS plon
S T 5 e il ) gl o,
(S o) ool S e il g GIS
a5 Sl by 0l Oy slajls b
oo il a03)50, Slg> GIS S
S 4Bl 2 g gy 4w O
bt 23 on slgidey (69,5 gty
L bty Sl o 1 o
ot bl sl ey SYieus
R a4 S b g A SO
b 60,5 phs (S (ol st
) ol S oa gl ddaze SladST
I oA sl pluls Yl ol s
alas sl | el Lol as Sl a
b 422K s Kipy Jyb sl
o st o

Sty dely Js glalii o
o ) ol S g e e S,
2 oSy S Lo S
EERX > S| W ‘_}S...‘... URTSTERTEY
U Sl ol 53 3 pa Gha oyl
Lol oz sl esls ty = odiyls 5o
LB Ly ga 0,055 bl Ul ja o,
ol dal gz ool Wasls o 3

4 b vyl o YIS ol el w
4535 on o 5 Gt ) algdy, O
ko S5 69 2 89S phae S g 5

Yo



(YF pL)Y ojlad coin Jlu (5 ko pals /
o E

‘l._nhsb ‘_’U;)iaﬁﬁ_‘,—ﬁ:ﬁ)‘)l.&wb
(i (o e 5 s b cliae
'JJ":'LF"L’-“-’-‘ L:n’l_u.lr_ﬁﬁrﬂa“

Jled #)’m‘,ﬁH—V

S Jled ki S1Z0t p gel piass

3 g Sl 0l sals QLS ¥ 0,85 5o

S ol - lis @270t (R 3 glassly

b g a8 S o o 03l o o o

..U)&JJ.E:;»GJAJKJ_:«:JJIQLLEJ

S Wadn DL by (§ 2 908 o =) )5
OO PRL Po PSR PO

¥
North Pole _0—- ¢=ni2

¢=0 A=n
Mer 1
ian |
01 \\ 11
i \I\I
¢ =xi2 0( Faustor :’,.(_

A=0 — % A=zl

X (174 sphere) (¢ : Latitude; A : Longitude)

dt..:_,h;;tc.,-t..,r;zmﬁ,..:r;._,.‘-r.,li;

d‘quwﬂ_’dﬁ'-/\

Clta SS o gy p “_,56,,19\.25

“ ..L‘.:Sd.a.':.a.:‘..\.:.-‘ 2 s plve

a_,;.-_»_, -L(JTI.JJ_,—‘-'-JAJ.LJ.AJ uJSfJ.A

o S 3 9 Kgd g b str S
&S sn sl

K Ol g 4 (695 GRS )

1- Zenital Orthotriangular Projec
tion(ZOT)

il

(Lambert) & Y (14l gios] Comls @8 13 a5 @i 24

Gl Ll ol il (258 5 gk Sl (s o) 40 2 98 o)

(G.Dutton 1991) (ZOT) 5 talsin 2l s 43 it ¥

CL...;Q;..;....-!..\.:.M;QL:.‘QT )55 53 45 (z0t) (36 e gests e b

J;.:.:bdl:buu.g.g-_,cuh;.iia_,qutwﬂks_,m.:.Lt.-c....:..nql.u.:ld;,;
oy Vgl U5 b 5101 slaad Uy 5 sms ooda (pl 2 g g0 5 el AR5 00
I O e e E R e g 03 1S g 0dt3ly Of 3 29 63 3 o0
055 e b 0 51 g ) s b r e WSS e S 2 8
or o5l Ja |y 488 e o i 4 o 5 e S a1 e
obl.;_,..hi..i\_.i..u,:.u_-ﬂ,asr:i:_.a.\s,hé- Sy Shlgdleaa g Sl
p-'--:‘-"-l-:r"y‘sg’\-l" ol st.aia(g—\)n,&)a Aized (G abs ool b gl

ledd 5 geai ZOL
South Pole  }Y  South Pole P L B A
¢=n2 2 South Pole
Ge’\ B [
¢S 2 / I
Nordh Pole /] == 4
i b
7 8
¢=0
South Pole South Pole North Pole
bl gomyclta =l 1 Sy g3 0k O,J:—-SJ Wil - o (¢ : Latitude; A : Longitude)
.JS),“J_-'uum 'JS':;JU"‘"(_

Zotﬁr&r—-—-—d' - -Y BJ&

(Kajiwara, 1993) <ol 4ylj syl O lownds =0

S CHU 4._1_,[3 ‘_g_,'t.....c QL..:....EJ' u._,ux (PSS W t:_!_}uﬂ-! r.;...,_..a C,J_‘))
ST 03,4 po s e Shda b 3 505 2l0)l5 o 510l O 5 5 4
133 5 gp s (S 3lont SO Sy 42 15 2
ol (o 20t 5 2 g5 @t =F

ﬂ,.\:u:.»isua'l).usuhd- zot Magaﬁdl’u;,su:w&!



E "'L’-?[GS 51,9‘5_,;‘54&!45-_-: ‘shu:"')w)_ﬂ

S gl ety o) sl e GIS ()05 pmilpd
o S T il Co
Jidd S s o3
ryai falagly Laaals o yusd
woaljlis g paliaalsa 31l
0dd b aS Sl i S LG - Od 5y A L
Lux,dohy.hlﬂ.uc._.l.,u e ° o T aten
Jid o -
S S e - Bl S 5y Sy bk
BT o | dahiealank ) oSy ob54
PyAidnis 5y, cﬁkp.-ﬂlau‘al..—
baicops | coben o bsy ik
sty b lob byl Gleas b S bl g bl - Oer plad s ey o5
Glean . -
S5 b asl; gl lar gl oSl ol ol | arlonn 5o €0 4lashizat s
Gl
b yhs 53,8 Jlis & g 03,5 Jis &y omn g S b Sy 508 Il
wUlA ey Jb il 205 Jgb b s
Jikd e - Joolsh o
b W sy 51 i ks b b a5 e Ll Shlasle J B3l 13 a5
.&_.Sisa,.:.ijl._,;_,u:.c,h.. S Syl Sylics S8 Oy

e sy 42 52y bl sl jbasy ile GIS My =Y Jase

235 Ji a3 Sl 03 (Gl plaj m

lawr 5 oSy Aol byl m

Glaer s fusy Syl plouls m

bachis o pls gloulrm

@bl 205 ok odl ) pai b s Silum
ST eal S R 51 esls o1l m
Salie SASSE )5 b Sy e ks
b oSy Comlns tslons S gg

ol y gual SWB! s S W

SAS S s [ o Sl ®

i) sl sline o i - s

Sl (6w S 5l ealizl L s geas
Gl b foSy ol o bl (Y1 51 S, &l— (ETOPO 10) & yus
358 g (650 peas slgdy,

il 52 ol la gl ) Sy 2 58 (Cilk-¥)
S o e b s el g Ol el 0S5 s s 0l ek

GIS LS 6y, » il o (o 23
Sop Sl alia bsyls 36 il
OlF e 60,5 st sl 2y, 5
b Sl OIS waw i gl a3,
s SR g V5 3 BN B

RS PN

C-P}-— ‘Ob){bhj_._\.‘;.;df;'f—
sl CabB - ¢ Pl

dl;::'-n_o_(jb.: 3 sy 1zl s
AU e gl gl S oy Sl GIS
e el 0 Ol (a5
Jobns 5 s el o0, e
S 2 GRS by, Jlasl ol b
3 g slf.i_l.'a e ‘C':I"J Qijl S
PR s dayS |y bjlas 5l (glas pana
Sledn 1 Sm gl o 5Y0 (1 J i)
3 S Bl i bajlas ol gunasis
St dslie  dlons S

PRV EROUTE PR JOWIE T
2 eddolnl ploular Ol doy sy
stledsl JSS gl clagy o5 (b ylas
g 4 dry5 b phian 5 gt e
3 solaaa YVl oSy Jluasl
03 Ll Olize 5 (e 4l iy,
Ln gl odd s Sl Lo JSC3
ol sk oLl slaslas S
ROU PRV R 3 PYPERORT

Sl sl bl s (7
S9S5

PRI @t 2 e da owa Ol (V-1

(e (J—‘.J‘—': e ol

ryY



(xp ‘_‘l:a‘)'f oylad ;r.‘.'.i.l Jla (5l palddi #

;gl:"f,i?‘)éjﬁ_’d‘,bcﬁﬁ_’qﬂ:.b_’k."uﬁb(a—r

oy.m;ow.\s;....lda._sdjt,...g..x.:ﬁ,asu.a,”d,b},,pusau
\-.‘J'Ul{..”\..“d_}k_')b'l.\.ﬁ;{‘MLJ&'L:"P&;GJJJLLPQJ;JLJJCJW
Q'u.:_..LSL-.LJ..LSL{L,_:Y\_{dgaL.adJ‘.:ac.u}.&j_,a:r:i;-aL‘,h,'o)ﬂq
o Sl 5 Shlde O 53175 48k oo PO gl 5250 5 Jsb ol
ijﬁ}wdhw)a L-l.JJ_,JJALE:-..L-Ln.:»_,r:.E:.-AQJ_,w
S X pd g gl b e D)o 4 hlelias s Shlde ol 4l (5 sle
Al a K (g3 90 U Ll s A3

(0,053 2 S ) Sl p2os S SAaled (Sl Lodls o0l (P-F
o U L;I\.a-'ﬁ A \.Sa_ 8 a3 &5‘}' f)Y ,_g'uaul.: nj'l.ﬁ‘ Al:..a_,J 8 yo3 L,;_T)\S

Qwﬁk&wrﬁéhxﬁ(g—f)u&ﬁ.J).:L’ﬂc_,“»ﬁcd_,)s‘_g.u.f@
R ULLJ'IJUJ_TJ\SO;_J:Q JL..&;?.L;J‘ 70t 3 oo-lues ‘..AZOI wzulb 4yl Sl

g U d .5 1.0 1 20
Eggeal Division of s 5l b, S e M——‘—- |
C:“:“:"“:‘“"" System Transform | Data Size.
ni Projection rrrrrrzZT 777777 1o represent
Lambert Cylindrical vir s s oz l' mﬁmagc )
Equal-area Projection
ZOT Projection vosssves] 77T TTTA
Equal -Area ZOT 77777777 777777 A
(North-Up ZOT trrrn FZZzZZ77A
Equal Division of Seolid Angle =) TZZZ777A
Octahedron Projection rrrrrrzrZ23 LT ]
Slaise J._v..L,:-.:.;J.n—Jl o3 G- o
?

Em——

°ﬁ"’ u.:")ls_, J:Jn; P al 4......1'&.4 -¥ OJ‘;:I

<gliza dlﬁm&)ﬁ'g LIJ..-@' «..J'I,!d—.lu(v—r
&_-_iﬁ: CJJJS alzive cjlau PL Laosls eJ...:-'-.'i LS‘)" L"'-:‘f' LIS ‘_tho)IJ )L'.v-'t..n
w.r.lé;.al}u__.:'ljaal..b&j;:..JJJTJK)L_MJ_‘..E;AE,J‘JJALL&.ML.UJ.L}A
bwiljnd....l_uhl}).k.ﬂﬁda u.'.u'l.'; HJBLS.’L“" Ow)lﬁi LAJ.L_,,AI\..;.“:..'
d@z}w}du#j‘zol r.u“_..,-L«.Ar.hZOIcZOt dhﬁﬁw.wiﬁ-l
ileals OLAS e U‘-‘ J.\l)d;.\.:u JL:""{ ‘_’_aj)ls
HC&L-M,—:WQJ*(A—T’

j%)ﬂﬂéh&w%@x&&u}u@budw

I

bl Ll a g eolizud 5) pn
0 A o iy e Al
O lan b Sy S 3l sl Jili
St 45 Jl 533 43 o0 Al O
o Al ol Al Sl Aol
Sl ol 5 Jool b Ja e Jil
3y plule 550 .n;u_a Al s
Azed (S 9bas slns 93 A (AL azdln
o Sk 70t (5l goat Syl
Sl ir oSl
S liaas Gla fuSimy (g g
e Lal .J.:..:-L!L,_J Laia yane AW
u—il"-"‘-’ shls zot ol o Syl

il o | gzl slazal 53 Sl 8oL
2ol 2 loule (-1

Sy S g3 i plml—r
23 o Al Sy S Ot ey
35S g K 635 lar JuSy
SUa s 4 53 2335 g2 S5 031
WJlms as lzot 570t ggry Sla
Aized oS L gl ol ol Dl
Shls 20t Colwe ob pSurns Sl 5o
el 345 gl

doskis 0215 g lowslr (FF

JULAQ;J-»S:J'J)C’:{&‘JM:L&%&'D
Clth ) ga 3 gl o dasls o3yls
r:iznmhs-&g_qbtﬂbaj_lbcuk_,
G.JJLSLAQJ)MJLS.\SSJJ_‘_J*AJ
wﬁﬁd‘x.ﬁl{yaw;&hﬂ
o pls slazal 53 LAJ...S,.-‘ R L %)
ol Wb yhas anks 03,8 JUis b charkae



_\ s> IGS Slp Sa S sausll ghu.‘-'-JJU.-JJg

JJ_JLA._'; Wl s.:.-i:n::q...a._? ) 4—0o
A5L g ke (3B s 4 f5 L (gl ale
oSl b ghs 05 gy g s L
e LA (ke 0 pls 4 s 3) ) s
r—h J_:J.‘I s r-_-i-:_m.l .L.,L_’- S.:JJJ-@
-LJJ.':"_,.._; GIS Jla"—illf)"; (UL SR W
238 a3 8 IS W Lesizene
I R W P
it Sl o aS s gla ol
SraS Olals o 5L S slaash
GIS 24> gn )b—’lfy ‘5)._5)& PER SN
2 e Shls s sl e ai .
Sl s OLND] ol el el
dain )l (69,5 (G sl By,
uﬁ);cou&aalji‘_s;ch:})a.cui
e Olpe L i Ll 5 51 ZOT
b DT L R

L- F. Pearson (1990): Map Projections:theory & Applications,

Florida.

A e Jl

(0

O et R e —

e o iy auaS 2] 5, g
2 Tl 3 ) e 4 clalome
S )3 Nl dglie Sles GIS das g

6?'-"'1'1{.}")"(.}'!&).)‘0’-'

Slaais U Olasie s (s —
e ol (256 5 Uy (55l
P P P Y S K P
23yl YL

APAT I (A A g pa S -
Pra ‘;‘:-lil-;J L"ull‘."{‘-? 3,40 33 ZOT
Blotia

P50 AT Sy yaai 4 S -

Py o Sglal (ol deulona g
ki ;lzot 3=l oa zOt Slaptn
sl sl Gole Slawns 5 Jlis
b tolone ol el oa s s

Aibdee plonil 2 ygun 4y

Sl 4 F)p0 0 pas K

@'Aws‘shdlaula- 6“."":';5‘ yarnld
S5l Olaais 2L L2l b ol
u.sil'-‘-ili’-u-"ub.’-‘}d)-".r‘.r“:p;’-*:w
‘:Jt-hm.‘_l_ -.‘.t;q..aljui)‘-:_mg_laldb_f
2212 0l OF 51y <yl o (gne
S pbulr cle 4 gy cta s
o "uLfLid:a-l)qJK.:.l‘,a'.Sl:.__J
JLJ;_.L;j'ZOtﬂ}AJ{M - -\dea
Shls oy sl pnds "J._.Liu!:l...q}g
'—_n-LinJ-g'J‘*ﬂihfuJ&_,su{b}:l:_-

b

CRC Press Inc. Boca Ra ton,

2- G.Dutton(1991): Zenithial Orthotriangular Projection, Auto-Carto 10, pp.77-95.
3- John P. Snyder (1987): Map Projections---A Working Manual, Geological Survey Professional

Paper 1395, U.S. Government Printing Office, Washington,DC.
4- K.Kajiwara(1992): A Proposal of Global Data Format based on Equal Division of Solid Angle,

Prof. of ISPRS(Japanese Society of Photogrammetry & Remote

Sensing)Fall Conference, pp.1-4.

5-M.F.Goodchild & S.Yand(1992): A Hierarchical Spatial Data Structure for Global Geographic
Information Systems, CVGIP: Graphical Models and Image Processing. Vol.54, No.1,pp.31-44.
6-R. Shibasaki, M.Kasuya & M.Takagi(1994): Spherical Tessellation Schemes For Global GIS,
Proc.of ISPRS, Mapping and Geographic Information Systems, pp-572-578.

7-R. Talteishi(1993): Global Databases/GIS for Global Environmental Research, Proc. of
International Workshop on Global GIS , pp-1-7.

8- White, Kimering, Overtion(1992): Cartographic and Geometric Components of a Global

Sampling Design for Environmental Monitoring,

Systems, Vol.19.No.1.pp5-22.

9-W.Tobler & Z.Chen(1986): A Quadtree for Global Information Stora
Vol.18.No4,pp.360-371..

Cartography and Geographic Information

ge, Geographical Analysis,

r¥



Span ey 3 53323 BA s oA glast
)Y ler Sledbl 5y (e e
7o SLadils oy 5 4l ol glas
3 39a5 30y et 3 Olgia by (g 03
als jlastl y g o)y

A S5 U ptamses 3 03bitd
U RO PPRpY S PR P PR PLS T
wdajls )y sl 4 et ol

AL slapie Jald 5l )
3 bl sl L oYl 2 DBMS ol
il g Gilee s SllB L ala)lile s
bl L el 50 g pdin SteMbl
By 390 93 o Bl sl

imlin I s =Y

pobs 5 paaiia Gl 5,0 =T
3 (SKsbgy) GIS 5 2l S5 5ol paldi
3 LSJJTC‘-"? oamasia g o3l oL yaasie
Wl sy Jdos 4y

g 5 ol ol GIS (glas )18 5 Llss )
sy s Sl b OV s (§pSpennss
P Jas et 4S5 ol By Al
2 @y io Sl s & Speaas
Coaal 3 s e 53 (e laeiay
Sl bl (o gt 5 sl l3) 45 b
wias 5 Ralsn 01y ¢
ly S pSpennass Jab cody g il sl
ol aadign 3 Olpda 3 o e S
cLaosts sl 31 GIS 5 o8 Ll 31 5 &5 0
Uil 15 s 38 e 03lizd pls
05 e 3509 r&;_. Cadas LS e ol
ke glallas g ola 2t i plss sLososls
(Integrity Constraint) > ,5 . (5.5l
-5 (Data Redundancy) Sl slaeals
5 Ll pBg a5 e esls Sl 5 Ll
A ool 3y 0 Olajan 5 Ste ) sl 0
sl 8l 2l 3 03zl OISl 35 9 45 S
Laoals 4y gt jimesd 3 (S 53 il

ro

2358 615t Qi el 1S4 gollrn (Skge poikiga 51

Sy 2 4 S5 s 0953 cJasi 2 055
S 3 4 pamin Sls guast Lk (0 5
A5 ol o g 02,5 0 8503 Sl )
i ke 4ty ol S ield Joel

23,5 a5k 035 42 O gl 3 2 pd

o 3 bl O s
(GIS/LIS)

Gl g3 oo et oS PSS i b

Y pames Josliil 3 A5 0 gou ¢ gealS
0jprl et asily Gl K 3 ccilisua
2 O ekl 5 G IRy 4B 4 B
SN L&l 5 et 03 i s
ol O 5 g0 e la Sy it
Sljagend ) poraicn (S 002 L8 e bl
sy 4l 5 g Sl i ool 5 el
AL Y ,Tc.,_ S il Sl
din (slaasls byl g Jodowi g 452 o b3l
el )l s Al L L b e 5 o
& o i s plowl e o 03 VL g S
il Sl el SN 2 ¢
b s e oo g Sledbl Jlie O e 4 .ol
o g o g vl Jlu L) S ol
WO o HN ) KW DV GRPRCT

J =

Slaly 53 i)l H sk ey
Olidrs 5 lalas o) g 53 lade (65l pas
L o) agm Gla) Slpan 5 JK3 e
E32 593 S g gt 4ot grdign Slaojl
) bl g

S bl o K iS5 4 2
Flade s odige slasile y renj 42uy;
335 ST ) oy 015 il sLgalSs
(e Sl 0015 3 puly 3)1 g0 e
03533 (5,05 o3t gLyl 3) 50 53 oy
St s Slg) o550l (Slae g
e R 3l ) se e 4 ol
L

S 5 Gl 4 Sl 25 s
iS5l aslinad y il 048y ke

235 g o g a3

0y glain i aler SNl 4 5l 23!

(Multipurpose Geoinformation) ;e 5!

o Sy Gy 3 5 alasa sl

pleak 3 Lol 4 s oo glize sleid 250
ROW PRI - EOROAFS b

P 3 e Tl

pole DS 5 Koo ST L bl



P L L Ll LSL“f-:**:-“ Slgull
L lopslone &) oy ) adyt 5T 550 0
(2 pll 5 peals” (Intervative)

po=

SrSe il ey e i
§ln—— (Measurment based system)
00573 ) Laojhish ol b il s Slazns
ot el sals O 03,5 pKin 5y S,
2 pSn 13 ) g 4l y 93 i

ool (5,1ug - )

slasjlasl tles Jolo = cbaejlil ol
A oot ¢ B sl 55 el ot e
shaejlul ookt ey 6 ol 5 Lasluzal
HUS Losits 48 (g ki) 0l 2 32
S8 bl olazi i iz 5,505l
Slapte op s wile Ko gt
Ll g s s g Sloyl gale snd o s
Rl by by ol 3,8 e 3,
3 Sibee b 0l ‘S’J':‘u‘,f"’-‘:‘ nbrosls
ns o by bl 5t
G Laols ol (g )IK oS el 24,
ke oo ar LELS () 5 s O g
03,530y (Ao culg 5o g 0¥ ) 6,18
GRS 8 ke 5 e alS 503 g gn Sl 53 Ll
by ) LT Sl asliz ¢ SIS o
T 5 0Lt Jass g5 Lga 3 51 e bo! gl
Jor 2 Sl e e slan g 4 Ll
L8l S

Shaies delons ¥

a2 b 4 (Adjustment) Jrdas by
h 215 05y s 2k b Wajlil Olejen frws
LJ‘.’ g‘_)jJ LSL‘J':“JQ jl aali.:..-l “J} .a)h n-l...ﬁ r

s b P iy s ey il
hela¥ o o So5 s Y s
3k g0

3 045 sy e plonl 1 ian
s i ploihas Sled b [
b2 2 50l iz S ele 3
S L bl 485,813 eslizads ye
s (.S E_h: 5L

20,55 sl Y(Overlay) 2,0 a
sba¥ pled LU S gl el
S 4 Rl bl 3 g gy elizds ) o
o C—:LLJ (S (s it (1t
slaeshs 5l g Gl;'..:.....l 23 elilae Sledb

el Ly
r_’# rl!

b a5 (Expert System) aia ya s
Byt Dy JiaealS ) 3 Lgpyle
SdS S el LSS Lty 00,80
FrelS 0 b 65k 5 o 5 450 oS
plr sl ol 51y sl OISl
ol gt ath g g wsla gyl g
Ml Sy 3 b Wl e
5 (Logic Based) i3y, , ik -,
4L, .(Object Oriented) ST e T
byt on 4 coms Sl Sz | ikase
Al s 5 5 el 3y pis

bslas Sl (sl 45 3as adyl 560

> 3 (5 S ejlul by, 05503l 5y 4n plgs
rdin b 83,5 g (55805100 5L 55 4
W) 1) A8l on o Sl el Y a2
A5l &l e e oty bilay
s sl Ll el v golaz sl
M ohtalie fili L) 4Kt ol g5t
Rt STy by ool 03y

wligled uals 55 Sl palis

3 Laeals 3l eslazul il 53 1 s las gor
il ol 3l g ot 63L5 um b ooledbl
4 pattie Ca b s Sledbl .u_,;u.a i
plad 4 o 2id 23 gl ga 3509 Laoals oL{_:_L‘-
22 el A OLSl Sl bl o B e 1 B
L r.:....:..u PL Laosls r,‘,- u‘_!’}“ L: &._Jl’-
33050 Yo Sl L5k s 2 a2y 30
3 4Slor B bl S 25 oy 3
-3 g g oalazul Ol
ot 05 Sleelilys 4wy |
Jeovis i 5 (pmal s wBl gl
22 6)'.:);_‘..:.5_': i s L§b°5.’_1;' g l.:j_,‘
O 33 340 S 0jlul ey Sl ) gl
a2l ol b oK s Eas ek

Sl S 5 Ly 23S 5 Ol

Laoshs oL 5 50 anuiloa Ao pe 55 calisee
ol ptes IG5 Waojlsl Lo sl
) gt g @L'_: 3 3 n a3laz ol Lasjlsl
23 8n a5 s 5 a5k

Pl

St S5 eala il g sl Sl
PSS Sy Joln il (5504855 K
Sl 0 s 25 018 g LG

JJIr(f

P 03 J,2S blE domye ol 5o

bbbl Slles i sledy) 5o i gl e
3 e ol g b elge 4 o
S gran Sor 55 (5Ll 5 wliaal y s
SI 53 048 0 plonsl Koy 5 Lo jis
S AU o)) G Jalye 5 Km0y e
B sl e sl s iledibl Y
Sl s o) 4285 (54, (Buffering)

rs



(Y% W)Y ojlad cr‘.'.'ﬂ Jha (5l palis /

Gy a1 Cilisne (e 93 1ed (Kae
23y 84 p5l-
L oSl jlas B Jolpe 3 S
s 3 cilse Slasha g Slr SP Do
s OF 03 g03f Sy e saia)) iy alals
Sty S 4 plitst S 0 ety
i (sl (oLt Ol sims Ll i pr 9 20
Al s g

c_cl.;.-

i il oS SYlie 45 gasrse -\
She OTVY ety N0 bl Sl
St 33 (8 gan Fyn 1 02Ol
gl SAedbl
S gy S¥lie 48 gans =Y
et VE plilas Sledbl glagto
§a s plisl 3,5 (o) oole ATV
o) Ay Sl il e Sl
(K35 Sl g AR g3 097 Y
oS 1 o
s it Jlos b 425 425 =
pomligs S5ty rerlde (1) )
sl ae Sleb! Jbr;_,a 2
5-Expert System Principles and case
studies RICHARD FORSYTH
6-Alex Goodall:An introduction to
expert systems.
7 Taher BBuvong, Andrew U.
Frank
purpose Cadastre National Center of

Measurement-based Multi=

GIS and Dept of Surveying Engineering
University of Maine orono, ME 04469.

Yy

diaile) slo s

3 aailay o g 4 SNl 2350
oy W 350 93 5 Sl ) R
il Ll bty ol 3 g LS e
ey Ay J5 aleor 3 glilyar S
15 45 e o) & it tiwilaj 35S BB
PO N L e ) S5
o) Olaj 0)lays Sy O3y (a0 SleNb!
FOW ROV 32 leib!

Gt By o bt 2SR slasal>
3 KSis J S 5 @iy s Rt
a8 0556 Laesls Ol adlge oS Sljlas
o .Jg.a)!cﬂ_, a3y

GIS 5 polgr a0 im Oy s
St b Jlom o8 92 9 el Comal Ll
3y hyan Dl (S SS SSLe
Al e i) ol ST Eln

o Ll G S ti—
(Epoch) o) 93 52 ;’ ol ploil sla S o3l
Olaj 93 53 0313 awd Sy D) g0 & walisva
Camdy ga a2 )le b Al 25 g S Ol
lay b 5yl 5 A dorlgn g ypie Sy 0y
o 2 0y 5 Sl OIS 3 51 0
Sy Jatize gladll 53 35 S Jl 22

.3l

S i gt g S S
oS iy g )l oS Olaaihe

* ¥ % %

by Jodas el J S bliasls S S e

(e SL L0

slaejlast 0bel (g5l r!{q._a -
ialer L 3 gass LSl Ol e |y R
ol pandi lallas (slasjlul

blis plls 43 L IOkl =Y
o..t.‘._f)quijTJMJJu.o e ol J):.;.f
LB s g3 S alals a5
3 ga3 )1y s 4 ha Ui g ) J 25 BB
o oS y ()b pats Gibs BB Jds b
S Lo J58 bli ooty b b J 28 blE
AL aalsl

Ol Jab yo S5 300 -1

ez o8

3 Lajls e g aalis S g pslas
Gy Blin 3 o s 0 LAk
JMQLS-SJ:(.«UI.-L;»;U,
SN (gl gt 53 Bl a Ol b
383023 N g Ol yms o 425 lSlA
s I SRS Sy Sl Ol oy o
LS r sk IS B

1,50 GIS (gaay o o slenelis

o PSS s S (SIS slagis
Sl e gealS S5

Ol o e ol ol 059 52

3 g 03\l ol gars f slelb



JoS et 0h 048 L gl 1l ol et -
e 3 ool dlglazile IS5 gt aits

reile L0 0558 5 oslizd b Somza el ylas (sl gy fulows -
(machin vision)

ol &)t olai S ISPRS o Ko S asile ;L L
foltinr oy s (sladi o OBUS o5, Uil g shita

A AT Y 3 g 0S8 jasils ) gashias 2 (g1, g0 55
Sl Oliails gl Jons o s (03 45 oyl pn 3 e
ISPRS o K8 55 L5 bl oule (5958 Syl (sla 08 Jols e
Aal gt S8 Voo 3 g 43,5 (sl (55l SLESS shins S o5
il s 4859 535 GPS ( GIS (5,5, s e faziaaSsy,
oaabhe LSy Sl sy Shilecin O8Iy 5 s, 845

GIM i |Q1fxaL.n.}cJL_=‘5’J-! bl b ay- o
G 3 gdone I‘;J'a,(:!&abtfqajal,_- ‘;,..SJJJI_...-.;‘.._;:;Q.-LA‘
f e KL ISPRS s i (590693 5 5 el S i

baasb ol 5 K Mol o K5 glyyd 2 (g, 00,55

his GOl 22y b odas . <L) ISPRS Cojgaley iy a5 3540 33 1)

Olins calad SNl glpaza s &SI 550850 5 g2l Sy
2385 53 30 ) A2 eyl L ISPRS S Gatuis

;! ISPRS ‘_;t,,,;c.,.a_-..a...p,,._'.._n..:...;,uq-,.
Sl sy 4z OpSE1 99y K2l
f"";u‘d‘"‘::‘ 19495 wJJJ%mﬂaIdjgg

S el e 5 g yeis G LISPRS (gl ga [0
DS o g 5 g e PGS Sle g g il O e
Gy gt (gt pame 0l O g 0355 5 Slejle
w2 Sualys 13 5k 5),e (association)

A okl Olgie 6 Ol 4 4 sl guoma oy goie 0 45T 0n
Nt paastld 5 Lo poast 03 28080 51l el aS wilaie | 458
LS n (S sl 5l Sy

ot el kb gn oKL LI ISPRS 1 K585y domy o 1 e
Tl o ppotalysi uls o K8 0 by ot plad Jyb 5 oKty Lai

ISPRS o 85 o) (5194 (2005 753 56T 4 GIM amLias

GIM-July 1996 : i i
So el Olajlas i IS¢ 3Ll it Sl ol © dam 3

2 Sl 4 RS prandon s gl 43 dolan

ol Colta 3 5158 4355 00355 6 o 51 STSPRS (55159

2 il SleXbl 46 5 (556,95 40 bt OF 3 oS el
2385 &1l wo e 5 slas,pe diile (53,100

30 A2 YE VL S8 @)l b 6l 10 gos (81 sl —
(el

(Syntetic oS5 @55, b sl s | gl S Sl -
{DEM) . 3, ,slis | Ja )5 sl,, Aperture Radar-SAR)

Haej ) et s b gy peny S s 35 (515 et -

gl gt aend ot b Ll ga )3 ()3 (Scanner) £y )l —
{INS) [Jots culia g2 4 (GPS) il

GPS/INS 5 CCD (5l ;53 b S e 4255 1 i =

FA



Ll eggal b oy e Ul pdar b Sl iy Sl 03l g3 e

g il Syid (Sihay fi gl 3 s —
S Sl e 5 SN Sy e O 4 Az 5 S S ol
S (5ol S50 el ks T g 8)0 0 L kb g 1)

cale.bL_JC,ﬂJ:L.:uc._.ngJq-Ulg:d:.Mwl:‘gby-ﬁa
3Ly ol e Sl ((29307) ol s SWIIES Leysts b
a5 opr dorlge sl asnor 01520 4 Wiand 5 oin b AL S i pdy
Lo a0 aS el pln cdy pend u&jyi S ol Gl Loy
L G sl b mns® G i 4 pano s ) 254 426t
Slast Koo 5)Ken b 0551 o opn puils 055,50 )30 2)30 Sl
(S ol o 5o afa s el Sl s sl aSCDS
S adled GIS 5 5515350

0lsss> 4 GISWorkbook LS memaai 5 S Jl g3 e
oL; « Spatial Information Processing LUS 5 05 5 e [

g ol ARE s g SRS (e 3lor 45 2n (D

e pt slaesls U..:gl):l oy 4o u.Lplcilo 'lj‘,f, lof
F sy ) P

Slaesls Cawlea 51 45 3505 3 29 b ok (Sliga S5
ST Ay (S g b G S e S5k 3L 8
e ol g dn g U 53 51052502 U J RS ¢ g g
il o crman 3 (393 Slpleile o la Soaleali
) 3355 ga By b 3 A3 (0 oS SR 3 (93
3 oS St kS Salas 35 9 (Sl LS sl 9 S8
3 34 SWGIS

45l 457 ISPRS 2000 4500 45/ 0, o3 Li:
fuu yls (5 i

C.:!u-b oyslia o I t_,.pyISPRS 2000 aﬁf&bﬁ}:a
S Sy I, Information Infrastruciture)

re

)'hj_,)c;gu;qu;:s‘-‘,:uégb;_kﬁn&b_uZ‘sby):fé
Obylaas & O RO PRPT I RN PLE P TA PR A R T w160
R Grjfﬁqf}bb-ul)fnbﬁdlﬁ)

a.l.....:-t.'.blu;.ig_tha‘gJJ AS..L.IJUJ njb:‘a:usdbjw—
533 ol it 555 0 RS gh ans 2

3 s Olgd 4 s 4 S lSs5 dpeel 5l Pt
il i3l b 3 el Syl oylpan Ll 33 5012 50
o |y il 8 g3 S al Sy b gile (A e e Gl (S
Tzt st

ST (g 2l S8 s 3 a3 S e s ol i o o sl S5
st S &2 D) St A5 S L Lo Ll
aals el g SIS 1S = HlS L2

JALS s BUn 51 Ly 5 DEM J63,5 A5 (3500 S5 00
Lo grasia el o IS5 5 okt 428 4 4 g Ll o
Sy et Flonbaans 3 S35 SRS (s Laeals 035 )
o381 g phid Sl ol o S 4 b Lo Soptn St
Al g giy 5o (Slaeals 1 putin

Ao b slatiz plai 43 asiy 0y S S LT 51

s 99k il ST i g (e il 003 56T fet

GIS 4 5415, q_’:’-ﬁ’,{,’—iﬁl b &S el ik LT s Sualys

Shils b 1 b3l s, bw Sl 548 sl OT plEan b 035 97

el " Kl sl 553 5 Sl g S i S
ffomt o

et o ol o Jy g g il 2 Sage 53

S iz ke ST (5 2l Ss3 5 (B )12 428 &5 (50
3 s :(..Lﬁ.'x_‘a_ ) Solpuans Lol Lo 5l 0 43y O 48 Laithe oty Ol
S el 59LS)93 4 (ol g2 SO0t 5 e By 42 Sl
iy 6Tl 0 S L Sl S 03l 31 S S Jae 44 o5 458
3y g leade 4 s Sldas et Lo & gt S

.JL L.'A.-rL_....l & Al Ls‘e_\b C.n...dL:.-i

3 Sl Sy ) s GIS  5ulS)03 3 (S5 Pl



RS uf‘.)iJf
W 408

L3 g 28,8 S el 53 55 Glnl cta sliel oS s 8
Py 3 Pl D) 3o 93 4 S ol 5o e a3 dy YL
4.5o:ﬁJob}uo)ﬂgdbui.i)aQYUadU..J...f.-dbl
1285 pla ISPRS  prausaS ih 6,05 slgn s § S

e (gladia; 53 48 pamnl (] (6315 O geanraS cain
Dl ke aule e cla

€15 gea 3 okt (gla S = K O peaS @

3 S g i (B3 1 Gt — g O peaS @
(laasls oL

Euﬁ)‘,ﬂi"hd)ﬂ—ua}ws.

¢GIS 5 i g —)lgxr OyeeS @

fortle il 5 (o) S 45~ gy O peraS @

28 (golatil o5 gal Jlia = 22 0 poaS'®

i fame 5 ol J 28 - i () geraS @

25 e 53 ola,T VA NA (slajg, 55 55 el eSS s

3l SIS il s 880 55 0 5 505 PSSy 4,
J‘ ..UJJJ_ CJJL_\.G

1- International Society of Photogrametery &
Remote Sensing

W, U:be

W, pilS

(s i Sl paliol s o gl 3 5
oAl 4 4iS

=2 (V487 4005 7) (65l Jlaale 15 paa 3l 5,6 5o

Coslid g BTy o 44 5 428 (615 pas Olejlu
2358 (6ol it Olajlas oy g4 g g 4l Olelu O sles
3y Cand LS LS OL ki g kg bl ol s 4
OLT ¢ 5 53 83,18 o ol (63l 1 Ll 1 ploas
o35 Ao ¢l b (Gl palis ) pal ke (ST gy e das
Snar ols pga ¢ ol am Sledb| le.ar.z...,_,... G ke O gles
Sl padis Cy pda bt (530 Caand S 3} ot ks
2 Obajlow ad)l wlid )8 g gamiils 4y mﬁ:-:l.zjs Er
ol 1B syl ey se R 51088 50 s 48 4 e ITC
3 S Malloy S cpandons 33 S8 oy pale
Sl )5 2838 ¢ o35 gl SLeudlS 5 (ISPRS), 5 31 i
I PARES ol ¥l L)) (il oS gn yas paren
3lasl ol il jo gyl pais Olejlu slas, gliws o
el 25 s 4 s pabe ol 35 bl plawil Uiy

R .1

w";w)"df:_'

£33 b sy Lo 3152 31 (ISRPS) il S oan o

S \Y Sdady pylai jl g Lad Sl Ol gie b oy b 50
2 555301 G S (S 1K eghe s S S
Filory « DTM (438 5,1 ¢ g (5l Sy Cilisen sladina
N5 ol VO VA slas 9, 53 GIS 550 51 o leas

Fo



(Y# U.;l:-;)'f oyl t.r:-'u Jla (500 padds /

u,_,.:.s’:&,o_,_.._..f-\

539555 ypsle -\
¢ sbal caaS bl - Y-
AP RHUMES S|

ekoviw 4o $ 9 (§ 29U - T
(st sty pobal Gl geis —0-)
(329950 L) guis —F =)
3035 oSl ==\

alas p) 5 903 Bl —AC)
Ol 328 93 O gunnneS =Y

cOlejan AL 4 (855 55—\ =Y
GIS 6)'551‘:*5"“ 3 ‘_;Ji;.,ﬂrj alal =¥-Y
;JLLAQ Slreols > 53_,],&‘ gy
wsobly paluas 23b < r.:....,.-—\‘-—'\'
e A g gl ps -0

5553 5l S48 s (T —F -

Lﬁ_fr_)_’-‘.f.'h()x—-gﬁ:-r

e Slae ki 4 5 3 O gaaal pod S~V =Y
g yos Sy 3 el s ggie 3 525 ~Y-T
Gl 5 Lz S Y-

3GIS (5 555 on peie glasr —¥-Y

SAR gz, 81 5 (5555 -0-Y

OUTJ_,-L{:JL‘-? &_,,-_,J—f

s )8 s GIS (glassla —\-¥

Las 3l du..."loﬁ sladis ag -Y-F

«oleNbl SOU g 4l (g, S50 -r-F

) S sl g ey o 98 Sldhe =¥

3 ) Sl S ) 4 AT 4 -0-F

Aol Sl (&l Jind 3r SagZss 9 GIS —5-¥
B PEROWR e

f

s (b pkunns 4 35 9 Gl )

o 993 3 s 3 SIS0 3 57 g8 2 - Y0

S5l gl 4l g
b glaesls 3L e )18 (535 45 -1
O slas IS 5 il pa (51035 5 goS (ST =¥
GIS a5y (835 5555 ~0°
S oS ol 19l 33 pa by S 7555 -7
SISy Gbadd g O3 p)l8 5 sa g By, -V*
pabar CoaS-A
bl awds oo S Gy S dwdin -4
| GIS g3 5 s e Sladom -\ o

VDX laciay i)l NS gy g0 i glasl
L3S eS,s ek S planat e LS e

3 5l Sati lgr el slasl pager pazs -F
ISPRS 5 j/ Lizeis

3ylgol Jaw 45 18V 0 Jl 5 oS el Sy Slexr axdd

Il 3 13 5 s g2l S8 Sl ool Ol 42 2

0L i 593 31 o 5 S5y Sl ol 42 VAAY
il

15 5 Lol gy 5928 QA il o 53 el 02} 02
Al e 28,5 (@ole guas Dlgs 4 hges Lo Sluds
sl () g o nlai Ol 4 52 2358 (62 g Olejl
3 galdas gole slas! 5 s ke 3,13 gade cradl opl 5 oyl
e O\ 4y 35 S0 Ao s s Gplasle 9 Sl e
53 iyl Cug e el ol 5 028 o lam 3 Azl (5 5l
sl Sl & b gy o Slgp Sl gn 308 o Sl
il (S5 ppmsaS a5 (31588 GIF 5 Joun a5 S
Slgp S Ui o 35 3o a0 prmesS. ) SF 2 S 9
plowl Las! I bl g2 0y 9 Sy e bl iy (558
5 ilzine S0 yrmraS sl ) Sl $2ans sl 3,8
laganas ull 3 0120l Sl Sl 5 608 Sps S saasly

AR S Y S T el e



T

bl 28 55 28,8 4 i e il LY 4 0l8aas e
4 Slate 5 Allie o oy gl SV 51ty 3 55 Wi
395458 (65l patds Olejle Olulid IS

rabas jleslazul U o) 2ol Jue 5l g N
- Sloyl g2l

b gl 13 paej iy, gl shuail s g -y
cotlop Gl 5 e agd) Jbe SaS W Spot

R g i a5 s A S U S 5,y
S

b Sl )85 5 Jav 5 g5 5 S ola sy oL
s Sl il S s

Kol pb -0

0 b 4y AL U yare 3olhs LS nl LS s
L A LI IS FE PR S Y spa= 5y,
4235 S5 ale

ot 9 Sl Sl p iy s ) 88 Gl ek Bl
Oljla it g5y s slaws o 2T &1yl it AR LS
CASVYO oo slawts B G2 ol 43 5 g Ly
5 Jile alpr uSe et g P e slgd
I3l VB co0 (gloylpale 4t iy 4l (Ol gt
a5 0 1S el AL G Ol et R ORE T
Sl 3285 03 S sl sty 40 93 y i 53 oSy 550
sl SUT 5 oles

Holbasjlb-#

Satiae; 53 Ryl 588 lgdlass o K0S | b
lasl i gime 250350 03 53 595 5] Sl & Fal Sy
i3 gl S 5 Vo F 5T 5 gla 23, sladsil jo cta

(Al gy fw) ()l pats sl g o lal -\ #
Con Sia eSS el 8l —ye

Cona sk C:L'“ ERTFRILSTs (855 9LaS o8y -y
Copd oLl Sols paiss CENE

D a5 s O a0

S s sl glanzens LTS 5 0 peasl S -1 -0
‘ ;S.pj

olad Jolos 5 4,525 -¥-0

(503 S8 sl 5,08 anns s —¥-0)

¢ Virtual Reality , ol gy g5l —F-0

Cler S Gl -0-0

3CAD/CAM ,, Sl S 4z ‘-SLA‘.’:"""-'-"" a-als —0-¢

Ladl i 01,8 00,18 54 gt -0

O BT B K POt A

GL.A‘.F‘ (JiJljf-\_F
3 2bad slaasls 3 St oslizal —y-p
22l LIl -F-f

QQJLWJ’S:G@OM—V

«lasnia s S5 gl ,Sojlul -\ -y

SAR 3l eslizad b o Jama y olin 8 -v-y
okl gl g alie —Y-y

3 (R ST fony J S -F-y

(sl Sl eis -0-v

Wt 58 ¢ g pae pamn o puai 5 (55 ol s
SISt Agls (635500 ) 48 s 4y oS (pls el L)
SN e Ul 4y 3 Yooo Il oS (a3 g

<Yl &) -F
Oeizea b 51 a8 NG 5l calie 0a3l sl ) 5,

b5 6000 S 01 S 4 5028 51 2l il il
)l LSJLLQJ CJ;JJ_; e ) 3) 4—n |J.~.J)|}§J_ah;-:.=_h

y



454 L‘L.-_-_l‘_)\' oyl t\.-'-ih Jl o5l paldi /

15 3ok S iS5 O 5 e sl 3 g go Olajls 5l 5
! 0k a3l 3 Lgal&itils GaailiulS L]

aﬂ)adﬁduyﬂ:ﬂ:—le

S (68 4k Olajln palzel wleh 2S5 gl s
23303 Ol 5 5 4 Ol o by 0255 02

a3 Ol oo sy gl o e ) Al
. (GIS 5 555 3 i 3 (5 5al,S 555

);d‘_,;._i,os.,:.ﬁo\})mw;.u_.\q-l{dluTl
A By 0, RS o LS

Ol o Rl (55 502 20

manaiie 53 3 5338 )b padis Olejle (paliel wion
gl o3 g5 SYlie Bl L dizils oS58 6 K8 s &S Sl
L3 yas 1)) GIS 5 593 3 Do (8 ypal S5 aa 53 1) O
oA AEALS 2k b ) g8 (65l akd Olejlu priguer
bl sl 4 Ak 4 aee) 2 1) a_,e‘-,_;l.nj_,'l:“a

2 aS b olit Las 3 a3l ¢ 8 Ol 53 25,5 LS 5

b ol ol STie rman o 55 (sLadi33l 9 o35 pol (SlgmdlS

o 5328 Ao (605 a5 SLplasls OLule S Slaiabce

Slealans 5 gty atn 53 K Jols 5t O b S 28 S
Al Jos 4 0ljle IS sl 5 425 4

GL‘iJﬁgﬁ*‘:JJJ’J‘JdﬁJ‘J“@’-‘*QL‘l’rJ°O"f‘“
OLMJKJMJLJ_’MJ:.JJF’CMJJ—
o;ﬁjwh) &JJL.! .\xMJL_.w.: nJ{LSOJ_l)AL,Jlj_i
Jl‘éiﬁwﬁ J‘ﬁibbu_,isﬁyw dﬁu__quijlﬁlw
.ah)b;&irs:)rba;s"-}.&cugan&t{w

Fr

r.(u.l!,a_,.:..‘:.j)uin.u'u ds 32 —0

BCH FOU B N | B

cu:..ljlo.ﬂnl)b_,hs--—\/

Peter Schmid (5;ls padds e 9, —A

 Freudenau ol (5, Gls,l5-4

3 Ui s o 31 0330 9 515 e 4 pode a0
e

JL;J_’J 3,095/ a}gb,' —=V

Sl elazrl 5 ade oy plan 1 SIS ¢lz
ny Jis Jam cpske s Il )59 ISPRS et
w2 80 58 53 3 sl sl Sl M) 4 el R 5

=i S Gl ann g Jb- o Slay 428 51 ool il & 3l g ol
(5 il S yih (glas LS s 2 S aaliidh po Slgrdlad 45
I SSPFS o8l Jous 53 Llazsls GIS 5 590 j'ld.'éd.u
23450 qﬁ&laﬁ\g?\‘ 5|¢;§i""‘:‘l'u‘j'11ﬁd:’-| BRIy
e Sl Lol e 315 S & hys S lal ol
25,8 sl 3 S g e 2

< Ylie g JBULS 5,8 sludai -A

3iS Y 0F 5l pamaiia 5 Wl YOYY sles o S ol 53

3 soke glasy sl ] dinbls ) g o2 LAY 5 Ol
&3lse s sb 4 S ¢ b andom \YP b 25 Y peama o 5
Sauyin gl 55 ek 52 53 s S A g IS Olaser 5
oa_bL‘Sﬁ.JﬁdUdﬁ.A\\oﬂ q&_;y‘..»‘_;,”du.-.;..:.n
2 aSAs r'l:ul );.axl.:c\}li.- PURPWAES LIRS ‘«.55 Slad>
.Jia;dl)ldl}uf\’e MJJLEJOJJ"IJJL.-PJJL{MJ?JA

oﬁ!d‘;yuﬁ&w—‘l
Qyw&uila-ftﬂrw)aug.s&yu.omr.’u

QTJ‘iM‘_V ';ﬁ_tfariuﬁu-i.abooo :_,.\.1-(.4-‘_;,,‘».:\1&



L 595 Sl Ko S bl |y Oliabs) ) 0 g5 a 33 8
= Ol e ko (65 55 51 50 il s
T2 0 34 g slas ksl 51 salazul Crmead 3 gad oalazul
S 655l Vpans o (65,055 S s (g et
Shr 5 dal g o Sl eslizad Uy (65, 255 o 5 ez
et 5 OB Sl ul glasls Szl s gley cudl
e 5308 n 36 besls 53, 23l Joe slgdy,
e T ROV P PYCHIN: R G .
3 o5 sl 35 50 5 5565 5 3 0T 31 g5lus e
"”J;LS‘ oLl
ke s sbaaj > 3 GIS (g5l nlel i s
Sl opdy oy Al e 01l Olidss as )|l L
Ot 92 et (598 o g (lasly 3L 030 3yl A ol
24555 0l e Gl gr Sl g AR ST a5 ) pe
.@L@L&ilwuzzgj)l;dﬁajixhﬂlu: =

JUt 51 6,805 £, 0l a1y Las sl S ol &
K SaS G JKe  f gl 5 edls (634 415
‘U2 pa il 00 93 e bl U g ) e gy Ol g3 5 it
44_bflwloi_,:u.a;J.S..J.AL:.JJLA.UU_;L:..IJ'EJ.,.,J‘_;;L,,::%
B o ) o (6550 285 il 5o Ceaglia oS aly 0 e
iyl Ll

Mz ctaasly 650 25 Glawias 1o, K5 (g4
«(Interface) ddaly 5 Jal, SaS 4 0l g5 0 GIS Sy eSS
PR 3350 )l gy 835 5SS 9o ey bl
LILGIS e po S5 Lawass ozl w5l oS slicl
Al on o OUT (el llaa ol coslizad 5 40 Sl 4512
33 (gl e iilSe Ol oo Ko glas,luilanl Sl e
GIS 53 s luitisl ¢ JS 55 .yl Jlasl | o330 3, go Sl pais oS
3ol s eler 4 1) GIS (65 ) 2S5 3l aslizad ol 5 Olipabsl
S o el |y LT Ks e o,

A 9 GIS (g5lus sl ae; Pl Jlues , db

S i 28 5 515 S sl slos Jbled s 28 s,
o lin Sl n Gy B 605350 55 pr el )
3 bl Gl slaniunw sbuy) s oS, ke
SleMbl Jsls slas lusteul fe 30 gl 5 oslizud pcman
Sl o sbis g (i slas 55 2 ) 0 ol Al e

GIS ,» il bl 5 s luitenf Gy

3P oy el eliga i

A3 s pme = Nasl (GIS (g3l biliad 5 las lilon
Ol pary GIS gloas,lule_i I 1 T2 Sy [
o s al g ol a a5 LT S plasylula
oxky g by ASL  J0MSel O b asel by s el GIS
3 GIS ;5 las lwleul (. iS 9 eale Hlu Sy o w0 Ll
by e slasylsten DA 93 opl ..JJJ;U.‘ el gl e
L plas glanly 5 oledbl S5 5l il o
S g olow ! phane @ L, el > (Spatial Data) s ledl
sl L s, el eslanl LUl 5,
by 54 pe (glas luslanl =l oS (GIS Functionality)GIS
Gt 2 Lo Bl slosl 4y by G2 L 0
i pns ;K5 b 50l 4ty 3 lestbl ) 55
3 pldlar laesls (69, 5 p a3l 50 slgdils b T2
ke 4ol ol il SN clas e o
3 Sldes plonsl pioman 5 L5y TS 3y 5 ) yhaia
bl 455 oLl i slasls gl 0930 3 4n (sletls
A3l o+ (Spatial data standards) bl Sl

S ol e ol s e L S Las stz
Sl (glas yllanl azaS slael 5l s> (Henry Tom) el
Oyl s 4y sl o (ISO/TC211) iy il
ol ko 3l G iy a5 by (g5 iz S5 53 sl
NS sl (St S AandIS 5 95 45 45 e by e
LS skl e s Ol b . CIlae coanl Oljma LB5 5
R e PSR RO 355 51 Jal ey gl 5 o2)lse
05 9425 o)l pe O 4 595 oo yal g 51 as e yl8
il 505 Blaid 01 5 on llae ] 51148 614355 4 asls g 208
b o ol b (5l s Il 55 Olej oS el

o2I8 b Cy ya5 35 Wl (65 ) 2S5 it Ky 4 S

Fr



(Y% 2L)Y ojled :.\..‘:i.h Jla g ls pal [ NNNNN———————

Sl o S oSS 53
S35 sl 4k g3 (511 595 5] Somies

b 3y & paldas W @i A g sl Jsb )
Slaghyy 8 il 453 5 ) o S 5 Slaesls 351
Lol 03 90 s 3 VL a5 el 4 5008 Laasls L;Jﬂcq- s
ety ol 034 s Jm 53 e (g 50
L sl 435,851,355 35 30 Laoals g0l dudr sl
Syle dmm a3 pa A g5 el (63L5 p Ol $a5502
035 8 gn GBI (g sale glaosls (s, o g 4 Lo gas (595093
3ok gyl g laosls 3l (g3l slanslinal a2 BICATAN
iles S (ol 9a G ymSe) Fomby le.atu:)l

L)‘}...p 4 Lg_,lSJ_,: HAvE JlL BLl ERIS-1 uUJ‘:’ D'u) )‘
JolS 5 5 C;\,J,L.\.uc,h,31;;J66ixdﬁljuu;
_,:J..Jn:l.&.:..-H..iB.l.:jJJ LstL5|dyJQ1J;;QQTjIL§J..J|Jj
2 el oalizul ol g

Sty ey Ll yp JeaSS b (6508595 s e
0 by s eyl pn Ja g (610 i 3l 0 28 Jle ol
J)J_ALS__I.i_,Ju—iFO_J_"IJ JJL{(;-\QD‘\ J'L.-JJC_.JJ}_.LL_,
P S AL djﬁa&hqufgﬁgjélxu&m'u
n;-.-l‘ P - AJJ;)'IJJ- J‘."l;: LJ'L::JJS.‘H--J: \Q\T' LJL-"

Ll sl 4l 5390 p 3 Sl Ko

5 63Ls5 gl it VA B AANE Uyl Sl K
Jﬁﬂ'&w;@ud_iﬁaﬁJJJ&&sJUﬁéLﬂjbﬁ
3 yas 3ou) WK dwdin 4 gl J 0!

¥o

C’)k_l 3,5 o0 g ca_r S S ria gaesls 3 eslizal L)
SleMb Jsls 3 lasteul (6005 sldas Sl 03 31 day Sl AL 0
iy b =S (Spatial data exchanges standards) oLl 2
L g opllind 5 Jaad LU 8 3 JE S BT JUR P RO PEY
SND! sl gm0 ) plaas gazmn 53 9 3,0kl S
L 5 g g slasyliland L sakie ol (gl LSl axils 34
a4 3l cdae ol pladl 6l WS syl plis) K0S
bie ONSES  ,l (GIS Standatsds Infrastructure)

B2

GIS slas,luibenf ;L

GIS (slas il (gl colin SAKES k-l sl
D yd ga ey pl 03 3 40 sl fL's.:| s culaa sl
6y (Sl 2l Ciline i g ol Sl (S ol
cu.l.a.a slas, il uL:.S 3 st Lalzies C‘,la... Oy s
£5 33 G 35 plaSa Samd py el 5 laiaie ¢ o
(PRYIRTEHM B WA PV SERC SR S gl s
Sl Srs 9 a3l e pam) slas bkl Olan &S
Bl 5 oS etisal gy g5t aslal 5 plite 4 Lo litand
Blsy g5 5 5305 g9 3 T sl o fulal Olger il
L’Mllt}:{ 3 Slaakie glaslaliat el b el (SKaa o5 s
39 Y e &S il ,‘-J;_14;.:.¢jw|):_7§13;5 JJL;th‘uLl
ot 3l cilziee o) (Las il il - gl o 95
3 i ( AL (o g (33 5l el 0556, 5
Ayl eSHline Slaass

s b s 23 Ol slie 035 Sl 2,0kl paa 5
bl Sl w53 05 S sbasyluilad adilejlu 5
Azn GIS (glas)luleul Lo patu 3 Sl giS o

S L ghls 45 Sl g g ISO/TC211 w038 )
dbu?n%@yé@iﬁh&jﬁcﬂ&udjf
Son S ol s ga JK& e) ol 131 1SO glas Justend o5
A 55 S A g et LSS gede g8 033l O e
g3 30 0 S Jal GG 5 0Lzt 5 BU o) 525 Ulye
AL g« Open GIS

ol s dalys ISO/TC211 03 5 2y a4y e 35 La 928
AL age 2 Sl oS ol 53 2050 Sl



e 53 gyl paba s gluas S Uy 5 Sy sl a
Y p2olpe e Slanlis Adb o IS, 5 laadis 058
S B0y Hlpasts BB S b g5 ol 5 ki

Sl el Wl o pdlas Sl (o) 4e

Sl n oS5 OISl MSS glaesls L % I Y| CRCNE

L MSS (glaosls o g ol iy 0 g SbLa 31 e g3,

Jbu;mywcm@wuﬁ)iwbwcy‘,

el 50 a3l BB oy 4 4 olaesls 51 (glas yoma

b el 5 bl bl gl Loe |85 0 g3, 305 g
359033 35 411y a5 s Ghla gl s S ms

<y sl

OBUSIT 45 VAAFLSVGAY O F (ol i) by b

Jad LG T2 b sl Sl 5l Bl aiis
Laesls ol 3 Ol oo o oo L s, Cewd 4 Zale
Jle Olgie 4 23 gad a3zl VYoo 000 sbais W] g g,
S350 Gl 4l 5 o 11V eo 000 puSe 4l 0l g e
Pl dlo s lleas a0y 35 o8ty o g e
Sl Al e A g5 s s Wl S plie 5 o ladis
Sy slacd ot il ¢ s G150, 5 6lants i 5 Al
s 1S g 5 oyl e welolid 9 TM cna) glassls
AL i sy ey s Sl TS 4S5 peo o Ll Lt
BB i a5 (glaia jo 00l L sy, il oolse

A 5005 90300 3 4 55 MSS Slaosls 55 xdy i

™ glaesls s sl 54>y 2 %G bl gleal,

3 4280 8550 5 5 ad sl dslin gl 00,28 ) pas

S ol Jule 2,8 1,5 aslizal 5 g0 Sl paais (g5l 108

Sl ud s gl |, TM glaesls 5 oalaul gl

s i glas 05505 @l e g 1S,
A3k e

1- Multi Spectral Scaner System
2- Pinel

S iy pas 5 il Gler S Kin oy ol
AL 4 S kg Ol O 3 48 2 S pln 65 5y ade
ulJ‘u"‘J'"' ’LSL““-J"')l ayJ,SL..uLsﬂbe.sd..uy
b b gy 058 5 g3l el 9 428 i DA 5 oan plie
Y rl.i
PP BT R R £33 Sl S <P P
2330 ol IS il i S IS8 W 61840 dau g
g5 VU Pl )l b glajly , glaain; 5 (oL slacd iy
Pl Sl pas ¢ 6)lohy 61 g e pal S by

in 8 Ll L5, ol o Lith,

JeaSS Oy ge Ko Ol »bcd i ol i ool
P adE el b OIS 5 5lasl 5o 4l YL g eld

L S

ol slgls

;3 ERTS-1 S L)oSle @ luzl Sloylgale g 4lS, 45
f_,,;‘,i sleals W g Sy {‘J'Y Slresly ,alis (VAVE Jla
=5 pal b

b SIS e K (gl Ep Sl Lyl

5 ackal Canmd “ Sl Sl 05 g jzus s Ll PR

4 3 @2l ol 4 5 MSS Lk oS gyl g
2S5 |y i olfas

L’_.&L;Lha.f.i_i.d_,_?d;uj)au}as-gauju)bﬁ

33V e00 s0o0 u..-Ln_nd._.u_..ir.«...muJJl_,ua;er
A 45 ol oumie YL 51 Tahoe by SIVAVE b
Jlu...a)_,_}u..!_").\Asmdsrl:-usdlﬂwl)loaugjbaj_’yu.al
)iawgswn)_,juJﬂ Jynlaiw.:ﬁERTSlubj
Ji\Oco co0o ww«&uk)bbuabfyjﬁwwu
uaﬂ)aas»wdufyﬁChesapeakec.b-@
Slacds sy ya 4o 4yl Sliddss &_J;)IJQ)-J e
LA:.)‘J L)"I (SAJJ ul JI ‘-’Sl:I-MSS LSLAaJL! L}_ﬂljsy)ts_} d-n—\..‘.ﬂ
BJJ_’IJ_J hVideo oo glaaias s luilil Sl oY glacis
JJ‘Lﬁf-L?LAOJbLﬁ-iJ1M%J;fE>LF)lJ;H'J'“SL;‘

¥5



(Ye Lﬂt‘:’f)" .Ju t.r:-i-l Jl t;s_)bﬁhﬁj /

gohhas Ools o 3 D9y Ol g0y sl ol Bl oo e
553 Sl 45505 Sy ik o o0 plha U kS a5 J1U
ol (e N R
e S ol elis) 625 e3l ods ol ealall 3 slas
ilin \INo 000 3 ):5)3.: u..L_.E.chﬁ_'uA.J.L L’GLEJ) Slaesls
Ay oo

L i) (gaaal o § s o> Chaas D Bl
5 i gl Sl o Saae (S axl ga (6315 CNSLEa
VU5 s 5L YL s b el pale ol RYSYIJURRY
J:J&.lc_,.é_,l.!ﬁ_,w:\gq.\jﬁudbbascjﬁu\eo..L:-:.a
Lo b plredini (bl 5V s b 5o 238 5Ll
ROW PRV JUCp Wy ¥

039l 4 LB iate pydy L Ol laodioin

oleie gl Jiha) 31, S 5 slaai sloasls 02—
s liov .L..-JQ_A,E_? o mlpbs aSb pa (Voo ooe
2 Gy Olge 4 Ly $35595 3 k) > )JL;--L'-J A
s ghyn S 5 At A 5 gl i slaesls A 5

Jd‘)'j-’ LSJJT(J-; Ls‘.b«in_..ﬁ O.LJJ-T\_:‘LBQ'I: Oi" u;j_’
L;J‘..\SA.:_LIJ_.A Lc..'\_di S CJY}."U .3_,—‘-'- L_.,SJJ Lh)‘_}sllfj
Qb@wdb@)ml)adigjawr

¥vY

YQC_,..&J L gleesl

31 hoy) pala y glas 5ol (gl AN o i 4SS
G\ar K b gyl s S ST sdoze L b
H‘JJ AERS g deolia (glp YL Cﬂ" L g&l’“b WS i
L33 g

C,..é_, L HRV sl 3 &yls (Spor) bl o)) gale
o AL a(osliznl Il i) oY ol 2l o pwdin
Sl et Oy iy 9l sl Sl et
VAAF Jlu g Y b 4yl ldlas azd ) S 3l o (SPOY)
s Sy

DS 5 bl g glasi (550 Vo g gds S eolimud L
WS B3y s 4 Sloggale (5315595 Ay K plonilys 428
Salid gl Mo &hils a5 =lls b polasad g Uy
Sl e plide bam gt 555

Sa Ul gn by SRS IS Sl b b
a3 132 S 0sliz 3, yo 155 gn Sl Slals JoIS
(S Glaatas L 4 45,5 « DEM sl s PARRWRR Y
G slaeals (gla JolB 5 (S 4 slales s b s
Sl s

sy plaad (G e Bas gyl gale p glai aie
oy 3 (MKF-6M) 2 \0 i \ o o Oyl gy AL o0
il e (KFA-1000) e\« 50

Gospar 53 kil 6, K5k 5 Mg o pslar f 8 )

el b Ko clant 15 5 (Galw) OLall S5l
il 453 S eolizd 3ype VDo 000 9 \Deo coe
LAY coo gladlis 65550 &l KFA-1000 ,— sloas
Ll eols panieds e LSJ:A‘;J:.; e s ol eslanal

-

ok
laesls 31 1Sy 5 Ak A g el cladize (Sl 52
3 KWR-1000 (gl pm) 92 Syl Le o Q.'::.....: S4n 695590
93 L83 b S 3 ol 13 A 5 4 B g s, KFA-3000



2 (oole

J/

WiaS elael pade cyls) S5l Sz ey Lol
Gl 406 3 el JuG GIS 5 1,85 Syke by s 4 oL
D3 e sle dsalondl J yb 4 Sl a "o pames oS 3L

The Management of Spatio - Temporal Data in a
National Geographic Information System.

CuleS foen g0 dle) ol 31 s S e Siw ey
obj @) JL, ol asda syl ol olaceadde o 53 Olajla
S b el s dys S T A ojlad ead 55 (Lol
2l OLl oy cp e 03l ils 5 pal 8 ISan ol canis
L Jlaza Gghas 7l Jorbya ates

JIe5 0 5l a&ﬁ#

DLMJKJI‘_& 4 (ISP) dﬂ“ﬁ:‘guaﬂﬁ &.qdfn‘;._nfq

515428 53 lual 03l 33 (JLUAY 31 4e ISPRS 4 o5
Sl T ke Sl sl 4 0 KaS ol s IS

1-International Society of Photogrammetery & Remote Sensing

-t_fLa_)ijLiJ *

JL..eL-ab’-;‘..A.LhL_.&LL;)OSJJ‘P..M«._;&G‘.;&LJUJ:
ST Olaslns ol 8 ISan 6185 sy auslis adon sl
o 9.5 8 158, ala Twente o&sls s Mgy ol e
C’,l:_..‘ Ob gaiils 5 Aslul y Slelia 3l 6oL aldas aS >
Merssy Gl 1l wizdls | yua Twente olE.250s ITC Caltiee
3 305 &) oy ol Hlamaal cga |y 5 45 Guiow 51 glawsds
eldel ) pdm LFIFO ool ) auelBs anider O plaza 31 g
P OLLI (5595 azeS

(428 3 ,) Prof. D. Krabbendam -

L& 51 55 slazaly skl Prof, Dr. Stamper —
(Twente

(ITC}l 55 glazal, slzul) Prof. Dr. Kainz —

- Informatic o a8 2505 51 yee sleul) Prof. Dr. Apers —
(Twente o251

= Olyae 0 S&ls 51 g s slzul)Prof. Dr.de Vriend —
(Twente (X215

84Sls I yeda slz_ul) Prof. Dr. Van Harten -
(Twente olLtsls - SleMbl =y e

ol S2h 5l yed sl L) Prof. Dr. Kuhn-
P 2 28l ey (L 51— o o3l — Geoinformatic
Olslisl 5 goun ) gusd gy SVl gs ) 35008 55 (ST aelis o

FA



(Y7 W)Y o)led sr:-fﬂ Jla (5l padii /

Jlu 33 Jles dd el oSl e JIy 93 30900 ) gmud s
h:n;fd‘-_IJAL;JBJ1§‘,"'L‘.)L‘j))"'l..-\ﬁ"ll.:jji.!t;d_j‘)) \ARY
g olaazl ol gy Sl glaaia) 53 sl 3 e S i
q«Sﬁ##}l&\&Lﬁq;ld)\scﬁﬁgb\;xé)\ﬁ
sy o ol n 59 S [ A 25t 03 Sy S
s g 53 San U by o ol b 5 (6ol Sl o
) 33 NS JIslgs sl ploil ROST olsl, 5 Sl
g ods g ool Jyel & S cpl 5o 3 el |, Ls]:a'ug_,;s
£ by alyp Slaus 3 walizud sblye 5SSy &7l S 5
ly el Syb Jloaz) &las )8 5 5 Load))| S 5 59 b
a5 il Sty 2090 33 ol 2 S 3 2 R0
tlas o dlu s b &S el Sy Slgdny 4 2 g S ol
azd 85 eslizud 5 ge L

s g0 80 s 2 YNY Il 53 1, ISP o &S ool JIgs
o) oy gl 33,8 52T s 2l 5538 o PRSP
15 KK gl gE5dals oty 33 5 gd 3 5, O 526 41 9125 P
e by 3 s (5 A S i g3 Syl Sleillad
s g ol ol G 35 el S wiliys 4 Judo
w2l U i s SIPAS o855 U 4y Laey

wb oLl 3 g6 &

s ARl Ol yae 2 ASES 53 (5l Jlu colaals > L;L
oo ks Olajln O\San 31 75l (smisb il 4l
Oy il 5 ¢ SIS ppase T cmndign DT 0352
4 3 23,5 pls 3 g5 el 0Ll 3l g S LS s gamma s ok e ie
ol B0 ) gl )8 a3 S

(s 0 g o ) 3 35 ) ISOU Ly deas <Gl
SUT s shs 1) OLpl GP.S. i aKd Citamrl 5 slowl
iy A (e ds Sk Ol g b OLE 955 5 8
s 5 ,.5\31 ) .l.'l.s;tlja 5 g5 aab 0L 5 ol1G.P.S.
sy SBT3 Ol Kans S 4K ke S O o 223
Kt glouler tlos g jdUT (ol 1 O b S
ploil i o L 1) 255 sl 5l gls G bk $338 59,5
LJaals

1- International Society of Photogrametery

¥4

N335 5 pud gy o Plazr) 3 godp D las cailiS)
L @il #al 4 peanas (501,538 Ml amsl e e
(655585 Bkl Joma 3 gamlye S 3l ol 85 A (U
(g3 S S il Sy slaniaa) 3 45 B 5 A FY 4 (s
ardlad an ps - 5o &l 48 53 GIS 5 3 5l Srorw
3 Laa) lazls (g aal ad po

EDTIE Y u-f'jy'i IS ¢ 53 a3l g3 e S b
o by e Ylas 4 pazes Mo cain fall .}:SJAS,,&,T
33 Sy dlaz ) (koo 00 334) Gin (lg greS
Al oyl OBy e 53 2y oolazsl RS RPYRLY
‘.."Li-) S 3S (6ls padas Olejlw 5l el olon Ol )8
ol b s Sl 4 oLyl sl 3 3 (8ol s Lob udigs
ql:_,{fa\l&;uwﬁaﬁa}ﬂ?c»id{bwbnﬁ\q-
135 (63l pas ezl GBS 4 ) Wl s GaD pessS
.3 gad sldal

ISP Jﬂ%

b g3 18 e Sl 5o (SP) (2553 el o



\ u;jJ(_r'-bJLf“"J'ng h;:-""

4 e ol )3 45 Cand Loyl yala sltes 253l 5 GLONASS
.JJ;L’IJ:-:.:J_ ‘_g)JoJ.CJ_JJT\JL: hﬁ)bGPSJ'J—:ﬂAé'OJmI

GeoExplorer Il 4..ii og5 R #

ALY st gt U oy 5 (6,050 2S00
RYR & v ) GeoExplorermII S A e (IS il
Jeloas 53 el 51 5l eslizl <Ll W > (Hand-Held)
S e O 3 azsis )l 551, range pole s L oz
Sidle s s 5)lS 5 0 5l Laesls Al 5l LB (glyls
S s by enl Ol 5028 03l 4 45 3L .« PFINDER
=T (Attribute) ol ys 5 JIKEI L Iy oidi a1 81y ol se
s 3Lkl

Colg ey ol u..;i iy GeoExploror I gz 5
U""i “\"‘l‘u"’)"}‘ 'Lau,.:lu.y Jid.l.-_,.) J;MOJJJA;M
izl 3 cuad s 3 (P Slami_o L range pole
Sl s st\u,..l ads Llay s eslazul lef st liae
U""II 45‘.....:-_).1_);) Ll J....a_,ﬂ JJ-'J K ot B u.lLls_....q.oJ.a- BL oalasul
“ ‘-’.:-Jl:- ‘_gl.hu,ul it L_..»L.c JL:.—.-.: ..L..uLl odd 3 ghine ;51’1"
Geo e a3 pd o (gl 5 Joos 5 5 Bl ) a0
3 (CE) L)l Sria L ol i L I, 4 Exploror
3 ela of s 8 sl o 650 FCC S8 Sl ysle
Sleallins Slatads oy 51 5105 Olee 2alS'L 0 ASLS e
Sl S5 2SI

wdiled o S ns L2212 130 dimers u,;.;&:.zfg

DZAZ s skiominn 05,8 (1S ol L5, J18) Kzt (e
CIJ:;!.'_...:I ¢ e G;JL_uwl’uC "LSJ"’J'Z*“:“B' BL el °"Jsgj';J""'
b 50y s Sledbl 5 YL s o 5L Sl pla 5 Odas
J;Jﬁc}h'é_}ycﬁj.} u..).‘.‘s
ana_al “ Z-12 sz LSL"SJ’J Z-12 Lo ol
) I B SRS DTS 58 cuss 4 Z-Tracking™ UJL,;)
Jsrns‘_s&bb@ﬁ)))babbmyw1)3b K‘uédl
.._,J .L._“T-L‘,ul.au UL&:_’ LJ’“J’- Ji nJLﬂ-...ul LJ_,»Lf S ‘c-:JL! rJiJ"‘ Lg._l_

3l 285 OLUST 5 5 a8 ol 0l ol 51 e
el 0 e gy b ol uokign ST (5530 555 S5 18
N yls 8 OlucadNe e 53 Olejle AJLmL:SJ:u 2
T s olad rad 3 (LSl 0L @) Ladal OLL o
] n..\._.'a;

bt 0o 0Lt ol o Ol 50 ) cndst S5, and
plal g Jlaze G glus 51 pale o

slgtX Ol jon dJJL{;jOJJfJM&
2Kl s slael ale

b 2ys GG24 o .8 (I el -2 JLS) Sl oS
(.S)JT"J;LS‘JE O%dlw& 'UJ&{M*S"J"J(_;;J"‘
ERIL s 5 K ol GPS oz (glaosls 33y Olasan
.L.:-LL;A GLONASS “ u_,)a_.a 3 u.ltg_:h Lsinjll}h‘-a
Gl s O ok, 8 S ;0 GPS , GLONASS L,_§:,-)L§g_
&érﬂséj)w)éﬁu;d&ﬂ%ﬂuiﬁe@‘@r

Sl 0550 48 el gl oS s S GG24
dolis )5 oy s L}._.‘K.:_J_‘T r'd!a} 33 2 5 Olasan Lgﬁfnﬁ.:
ot P T J"L’L duu:.;_n.c_,u.agj)b

o, 38l ¥ LILSss 5h szl =l ;56624 Ul g
s bl JeaSS el GLONASS oyl yals YE 4 GPS
3 b oy YL i U sl )18 ) (o3 Slos g
el Glgr e 15 ol a

sl

2 085 55 08 x5, 31 wslicd L St GG24

(Receiver Autonomous Integrity (s ,, 5L S - Sojlul
o ASb e LSSy alezed L Monitoring-RAIM)
S L ol 4 55 eyl ale 5 gyladh g olad 4y g s
olin ) GPS glJL& Ko 4, GLONASS laJL...
3 @ g 1 e ol aslid 5, g0l
8 ks 53 GPS 5l 55.ds IS 45 (leilays p2) 2ead ya
3 GPS S 5w O 5o (Uil oy s)s Shae Al

Qe



(Yr ‘_‘L_..,)\’ oyled "\".'i‘ Jl L‘SJ‘-\JQ@ /

D 2 3

03,5 J Sl adlaie glanaste plas 4 (5l 4o 0diS Pl
LS (6 M8 e

plosil sl 5o Sl bos sada 0L oS Sl S nlat
6,5 i)l a yos St by laosls ¢ plpms Jalo b ok 1S o os
RO PRW U

;_,L_:_;bJ_{_:.J_.w_;.;_.:.i_,.._,GPS wds 4S i Sl ?
kA e

CAD/GIS (sb2T sla e A&l (sl o8 LMl oo s
RO PRS- IPX OV

L;L-C.,..a., a3 3 Submeter GRI1000 et 3> A
oila Sl 5o b G ol &b sy u" Olaj 5o 1y Jutshas
Aas oa plaul (G

L A MUJJ &dhaﬁﬂf*

(S ol 1 L S) 3 dmn el ia Ly oot 7 5206 S 2
Sy 1y 3950 40008 4ilS 3 S5 48 o0 b (Slaoss oS 5 pdor (S14e yarma
Jsb (8hp Saaliys (§)s pats sbas )18 S 0L 3 ¢ Sldas
ilai g g yaa Ja e e

ol sty pale b3, 5> Super TrakTM (5, 555 jf eslazad by
535 3 gl Sl o515 4 e (8 mklh aaslie Lo ds S
oy Jlaml byl 4 Koo s>y 34000 Si (s B3 g oL
Gl i )3 Sosapem I el alls g, 5 ezl oSS
L1 8 )5 oy Slisd dpr Sl KLl s ol 35
53 &S e i3 g () 90 2 (SLina 0 &S el (Gl et slayl8 5
Al S s Slihes Ol ol

b e Sl ie b g 2yl Sy Y Jolas oS S ean 05,8 il
G oS w3l s 5L FCC (63,)8 Slagsle 3 5 CE o)l Syata
ety JHS Ol p2alS Gyl 3 OBULS O e e of
ROI LS« P PN CEWR

Si..oyls 3 py—at oy 2 JK2 55 4, 4000 Si o5,
Sl 48 SilaneS g e SELd (Jyane S5l sl sl
Py NPT RO b Gam s LGPS | () palss
iy sl 5 5 T 0y 3 GRS L )b pats 4y o)) MG s
Al r oolizad BB alS)p g0 B NY e (2lsm

w33 30 (S5 ey 8124000 Si 05,8 ¢ gl plas

o

Ay Yo o ondiamim oS cad sl Z12™ s b aylie
u..:-—bq.._,le_qtle,ﬁr)s.La)a\‘ u...:-u.b_,_)a&w
Z12 ok G 3 2pd g B3 Jom 2 455 2

ol 330 ge Jols

SN e L ol pan sk SlenS sl g s @
Sl o 53

LIS s 3 edalie OISl 4SGPS s ollc @
VY (C/A itind JUS Y Jald 5 25lw oo pal 0L Syl
2y o P(L2) Gos JUlSNY 3P(Ly) Ga35 JUIS

L sLa p JoS e dsb Jisl LG @

du.gki._.n Z-Tracking 4y Ssle s i cubl @

il o 84 Uas- (5 e

u‘"‘ olaj o ol o> SleNbl (5,505l G @
(Real Time)

eulla e b pl> Slaesls (§3luwe -3 @

35,5 5 0bly 5 0k Jilas o 5 cm! Sl L5 05,5 0
v/A xF[¥x AN sl 53 gatesm (i ples 30 e glie HLE
ol ot 421 (s 455 03 D) L33 010 053 4 ()

3288 Jrosol ol 3 Ze12 sdiomin (513 pat A
2y dal g e s

GIR 1000 : L2 5 51 S
S a5 20 [ GIR 1000 GPS pivmsns LiaSor C5p3

S Ll g e |y GIR1000GPS i (KS-USA) s
A3 5 a3 GPS i g oz J 25 g

el by fa paeaVO Jolae S5 Submeter GIR1000 (2o
b yie 5,55 i 2o (gl a3l G SalRin i 23 ol LS e
sl gladsb et o 5« Soalips Sl 53 i o g
St et Slas e s e 4l 3 S ) 2l
JUist Jal o gal slaeals 5 45 il 4 56 6,8 ol 5> GIR1000
r;ﬂﬂalﬁualﬁa.wiﬁabﬁuﬁadwaPS 3 asdl
_,3):.J;SJJJ;AUJJLJL&LLJJ‘JJHJSUJ:".JP}L!L.?UJ:
3,8 3 esliz 5, yaWindowsTM Sobits  GIR1000 o2

1L Windows glaaab o b 4y Sledbl aasy o Jlasl
oL O glad sis 38 s ool 4iy 034 GIS, CAD, Desktop



®
e
; D ||
A =N y
§ E wywEz |
?.':E-'f [=1l=#m .

h=s\\=s " %
™ N=\Pade . B

fl=w - lg»/

CLS (2

JAL.:JQL'&L*:.:-“.:LJJ dags

ki

L GIS Sl sl ancys © il o - cadeo 4,0
.Ls'le)'v),al.q J.:JL.GJ j| salazul

Jube jleslazal b oljlaa sla e ey kel = a0
(5553,5 o) 3>y GIS R 3 ol

2 GIS p ow e - Srbas S48 ple- 3 ey
.@yk:leL,..ﬁ—L;ln)};SﬁLuL_L..i\L)a Ol

LsJL'LL{;’.' ISLP'JL ‘-:.‘.TJQGIS )JA_JlS.' 4.Uf.1:v = dLﬂJ

Qb)\_]al[..:_____,a_;).“_;g,ii 3 0o L e e — il o
bl

2k yas Aol pyeans il ol 2 3la i — G5 ke

(=) 28 Sildde ps s bl g ang

ILWIS Losla o ool bl el oslazad & e - cue
¢ 3350, 8 (CurveNumbers) i o)l BB g g
Apd 6l 5l 54 s (Run-Off) i e

Pl s sl ol s )0 el - Guasmanls
SAb ot b s 53 oyl gala uglas las b

sldl o

LB (S Ur e il JA2S” s Y 48 pazma L LS ol
(D21 = O AYVO Ct 1 YV,5¥5 ) _oLadl in

J_,...‘JJJ!:J._.&:.EEQL-‘;L..:&JJ:

$Lr50) 33 ol patis Olajle (650, anbiy GRS S ke

S 3 ) ihiS SYlis 4 yara « GIS LA oS S

st 5 0 sl 3ol (A4 25 53 40L5 33 & o YT0)

bt bl a8 O L 93 a5 9 8 15 DLl
3338 n p2me OBUS gt 5 51 S e O kms allie

»GIS s, LS Agerme — lal sy b —Ligs, lal

. UJJ‘ de ::J..JI ‘J_}" 6'4—&.@ LsJ.lJMLJJ

bl s (K05 081015 bl 2 GLS, — ol
ALES  GIS S 4 odes slgy )l (51,0 55,565

Ol Ot (Sl Lot 5tz 1o - 0y pa = LA
ull':’b"‘-'" C.JLG}LH ?J....:...J'l salazol L L)g"'"" E) u..uJ.m 6)'1.@..2_,..« ‘514.4 .
- ARC/INFO

splSidale - Sl ool b g by~ (ki gL
ol Ghia s 5 aallan 53 (GIS) ylobior ALY (5laimse
(b Ot 3 oo 5 Wl = (55 4n aalllan) o

Sled bl Slagtn S50y, a SlS L Sdga — Al

oy



(Ys UgL_-L_)" OJL-;" ‘f':h Jl qsﬂ-\)gd.-'-‘-ii /

ol S Ol oo 3 b go 4 L S 0 el (SN0 AT S
' R

r.‘.'vUi.r'qtASaJﬂiJgL‘J{JJJWnJJU:j‘!aJPL’;)JQUSK}E'I

4 \YVY JL.«)JJo.L:o.L:S‘:?dgr_,éJ.L-{-JJrhbuﬁéqﬁJdJ".uq-Ja

Jf.pJ&m;t&wf;:fd;ﬁw;@ﬂaﬁ.wh@)gb;

'.)J&.‘I l)

U;.s._“LAUa_-;-— f,s‘_,:.;u_‘wu r._..L&..J;JL:lS- dal i
Sl el s s At g 905 S5 (o
cbil s = i e el o L) i = ey o calols
et iy Sl (5 S 0311 - p2hn o e ghilay - pan SR
3 g dloma Gl Sla i = o83 R ¢ iy Sle - 0 A
s ki = 33l a0 RS s ()10 Al — @R35S spehes
pam = oyl o oo Jilio ) = e A alsh
— sl o (el (28 5 dsb i JLed end) s
g (S

S5 Jyol -B aeres WSl gl 3l pede J ol —A daas
s il g a3 03l b Jlad (yeens ~C dmgand g 35e 25
i) —Fansads dy 5 IS Jyap O3 =B aasad 555 ol -D
(i =G daas (77 P am g polie s i
P"““-“"'—H tacai Ol deslie (5 g2 9 VAAY sl wlai
Sl candps ua -1 e (GIS) plbAr e b
oy sladge T desas (Slo)l pale 51 )

ol p Ak (DS ol 53 ey ol 8 S 6 Nikan
3 aSs ) slay 0 ,5 e S a5 S) 3 g o) g0 Sl 4 SIS
33 ool azily olaztl OlL asis V100 230 (Mo 33) ezt Y VAo
p s iy 85 gl S edal 0k o i 2T i 2
o Ly sl pass ol s Wgep 5 Ua3) 208 20050 s
65 9ol slaaaliy 13 a 0118 Susl gt Shiiny gy 8 S
0,8 4 g 0 s eas S (Slor La o 31 (gt 33 oS Sy 0l 41 021
O 65yl S (S3ay aalpy JG sla - oy 4 Oy sl b e
...Lh:u..-

el g e geeS 1 s G2l (sl Al i pm S OB
ol Jlyal Oy gt o8 LS @ g L oS ez
Ale feol-

or

&j;c&ﬁg&%.’%—ﬁww‘ﬁﬁ—ubcj
833y b gyl (5330 anlllas GIS o3kizad b Lnogal cyen)

L GIS Loy J.:L”v—‘)‘_’d.:)’_u:))d‘,fﬁi :rf-:.‘-_l—Jfg:Jw
.ngl.'ss;h;.-

Azad, Bijan . Digital map scale and accuracy issues in

GIS : a pragmatic approach.

Hakimpour, Farshad . Aspects of uncertainty in quality

of spatial data for geographic information systéms.

Hashemi Tangestani, Majid. Integrating geographic
information systems in erosion and sediment yield application

using erosion potential method (EPM).

Roshannejad,A.A.& Shariari,N. A multi -
Disciplinary/Multi-scale data model : the Requirements for a

National GIS.

Zolghadri, Simak. The dark side of GIS.

L i ) B Ly, ced )arc;\ﬂi_n as yare s il
5 g athy) QLS ol g3 41 5 Sal> g g (PoTFeVT

(Al ¥ 53) gurkige (13 428 LSl

O yazr g ol8ils gl St g (I ol Ly 1 s
VEVE-(Glal) Ol parr dogs o215 30

5 el ztls ¢ ilalllan b e o3y o cilise Jolpe 52

» ol s 2 (e ol (plis ) (ool end g2 s o ll
o g2y Gadaa b i gad g Jgdor ARB D) e ) ) L pla
3 it O 4y iyttt ol 2 5 geprlS 3 00553 B S
3 ‘._:.lb)'l:_'. 330 SleMb! o)y Cilual 4 4 g5 b a5 (g0 et

4 o5 w39don 3 ply Sl o e JERgEEROW. PURRS B0



L diges .ol Fh o 4 ol Jl 3 Analogue LT3 g
3 laglir ondy slaotizi 08w bl s S5,
oS Slapicn glatien (6lg15 008 5 pase b pprizean
S Sl b 4 dy zes 5 (GPS) il s e
Lot Olyie 41 395 (gl a5, slacymss 0 YU (6500

28 Lal g5 5L ol (65 0 gt

Sl 355 o 3dll ol 4 e g3 (Glaokinins 45 0 Sy
QL;M?P:...?,.,_SLMJULSJ Sl g (ol paldd 4 SaS
JJ'JJ_’.—?_—J °|J C)J_I BL 45-1.‘-’; me -L_'I‘LE S-u.mx L;LL:J‘LJ.?

Sl Sl sl (gl g sy %
Jlos 056 slgSe 5 o al i

Maurice. S.Gyer : 43 Ty
PE&RS, March 1996 : ;1«35

» LSS 6:‘-‘5.5)’4' Slovoear dosloe Sl aledy,

S g o gas s snell 040 ble sls u.'._l",.htsbu..is
25300 sl sl 0 sl (6 S 0ld suaid Lo
Sl Ol e Ll e LSSl sad1 sl gae plesl , aS'dl,
MGl e S s S w4y 25 b yaw by sbly;
e 235 g0 s Sl a3 5 5LS (5 slgdta ol ,

SYEs wos oy 5

s al:“)ud

Bl

by iy n ]

5 slho ki, QdJ”J?“S‘GL‘Q::UJ-’ s
@L"Jﬂ-’w‘:’fiw’wﬂ’-{

Donald L. Light : azi
PE&RS March 1996 : ;i 3,5,

L 50 SIS B e a ol ga (s el Sy
e 205 00 0 dulai o0 ) Ll s LS gl S gl
3 g g oalzad lpl opl 51 (NAPP) 428 Ll ps sleuSe
S8 glyls (gla iy, 95 L 4 NAPP 5 od wp gl WS
FEY by ol ous 433 §(39 1 p/mm o565 4) YU S5
W S 3 a9 e o oSy sl oy oSy 00l
S a5 03,8 Sl iy 3m 5 8l Slel (6 205 Sen
3 A pblaa 5Lu 0 i3 ooy K L O (gl sy 5
Al or S a gl Yavo

ol yb&JémdebT;Jﬁ)ﬁ)a
ST gl Ams o 03 feS Sealiys wials (5 2ny Sn
w3 8o glageran b cully bl s glawl)T
S LRSS J R e NS PO N DN VO Y sl
ASL J el LG
‘SM’LI"JL:‘J{';“?“JJ&luf‘“j“?‘?.L“JliI}‘J:l’J

fal g



(Y# L‘L__..!)\‘ oylad ;,r:.i.u Jla (5l padii kﬂ#

Remote Sensing. International Archives of

Photogrammetry, 2 1(3):11pp.

Leberl, F. W., 1975. Photogrammetric Interpolation.

Photogrammetric Engneering and Remote Sensing,
41(5):603-611.

Leberl. ‘F. W., 1990. Radargrammetric Image
Processing. Artech House, Norwood:595pp.

Mathef, P., 1987. Computer Processing of Remotely-
Sensed Images. an Introduction. John Wiley & Sons,
London:352pp.

Novak, K., 1992. Rectification of Digital Imagery.

Photogrammetric Engineering and Remote Sensing,
58(3):339-344.

Petrie, G., A. E. H. El Niweiri, 1994. Comparative
Testing of Space Images for Small Scale Topographic

Mapping of Sudan. ITC Journal 1994-2:96-112.

Searle, P. R. E., 1984. An Analytical Approach to

34 ga Q)J_.aoJa'l)Lha;l: -ljaj.uub_..l.us S Q\j‘}al)
il @lp s 0L e JLES 5 Sl 4o &lp —0s
Slas fdes o jlules) Sty 3 moas aaises )3 03,55 (gl
L_AS;:....J;.LZd_,;'n:...-‘JUQﬁ.)ﬁfﬂL&ul%'ﬂﬁﬁlﬁ
35 dy sy Slaze (gl p3Y SDlowmeas Ol e o
s 3l plowdl cdizaa ol y3ds Joe 4 4l Sl S oS
sblsy 3 AVl w3y ¢ ol o cusd ga g e glads
sl oals OLES Layls gad 9 Jsldar 3 (S D) g iy S
Pl ey Slate e Sy Ol o gl ol 5l ol
QJ_‘;‘_};_L.-)I.__..; L’_Ll"_hJJ:;SLSLht‘J:{)_’JL:iSJJAJ oslazul
Ll

Gy Sl e 5 S (6555 il 2 B3
A8l o o5 sy s5iy

* * ¥

Map Revision Photogrammetric Record, 11(64):441-
445.

Wong, K. W., 1975. Geometric and Cartographic
Accuracy of ERTS-1 Imagery. Photogrammetric

Engineering and Remote Sensing, 41(51): 621-635.

Managing Director : Jafar Shaali

Supervised by : Editorial Board

Printed in NCC

Naghshebardari
NCC Scientific and Technical Quarterly Journal

Vol.7, No.2, Serial 26. Summer 1996

]
Enquiries to:

Ncc Journal Office
P.O. Box : 13185-1684
Phone : 6011849

Fax : 6001971, 6001972
Telex: 212701 NCC IR

Cable : CENCA




\ NCC Journal - No.26, 1996

can be related to a satellite scene by equation (17),
Even for very flat terrain, the substantial Earth
Curvature cannot be neglected. As a result. the two-
dimensional projective transformation method has till
now had little practical significance in the rectification
of lincar array imagery. required from satellites.

6. Conclusion

It will be apparent that a wide variety of techniques
exist for the two-dimensional digital rectification of
linear array imagery. The selection of one of these for
a specific task can only be made in the light of the
characteristics of the imagery (e.g. airborne or
spaceborne) and the terrain (hilly or flat); the
computing resources available: and the required
accuracy of the final result. If the accuracy
requirements are high and the terrain is hilly, it is
obvious that only a full three-dimensional solution
such as differential rectification or digital
monoplotting will satisfy the needs of the user.
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As can be seen fr~m equation (18). there are 8

projective parameters (a;, a a; b, b, b, c; c;) which

are unknowns. These can be defined with a minimum

of 4 ground control points (GCPs) lying in a plane.

The elements of exterior and interior orientation

parameters are not needed, since they are implicit in

these parameters.
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Figure 4. Results of polynomial
interpolation of degrees 1 through 3(top
to bottom). Even with a third degree
polynomial interpolation no exacl

registration is possible.

Figure 4. Multiquadric interpolation
with polynomial preregistration of
degrees 1 through 3 (top to bottom).

All GCPs are exactly registered to thier

position in the reference image(Ehlers,

1993).

In the case of linear array imagery, the projection
of the linear array on to the ground forms a very
narrow rectangle with its long side oriented

perpendicular to the projected line of motion. The
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lincar array is read out such that one complete line
of data is generated each time this projected field
of view advances by one line. Therefore the above
projective transformation is modified to give a line-
perspective relationship between the ground and

the image (Figure 6).

Linear array image

Flight direction

- Flight line

Ground (object) plane

Figure 6. Line-perspective relationship between

ground and linear array imagery

Each scan line has a different perspective (or
projective) centre, and it can be assumed that all
are tied to a straight line approximating to the orbit
or flight line. If x is the axis in the direction of the
platform motion and y represents the pixel in a
scan line, the projective transformation can be
modified to the following equations (Novak,
1992):
a,x + ay + a
1
e b,x + b,y + b, (8)

c1x+c2y+l

Due to the Earth curvature, and the large area of
coverage of the linear array image produced from a
satellite (¢.g. the 60kmx60km coverage for SPOT), it
is difficult to define a plane area on the ground which
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weighting function, The great advantages of the
multiquadric algorithm are that:
(1) it describes a continuous interpolation
function;
(i1) all GCPs contribute to the geometric
transformation; and
(i11) the image geometry can be wrapped
in any given constraint.

However, it is not possible to check the accuracy of
this procedure at the control points as one is used
to doing with polynomial mapping functions.
Instead there is a perfect fit at the control points.
Consequently, independent test points have to be
employed for accuracy checking. Figure 4 taken
from Ehlers (1993) gives a comparison of the
results of carrying out a rectification of an image
using a global polynomial and the multiquadric
method with the same ground control point (GCP)
pattern.

The differences between the pointwise procedure
and the multiquadric method arise from the
selection of the GCPs. In the case of pointwise
procedure, only the closest GCPs are considered in
the computation of the correction for each image
point while, in the case of multiquadric
interpolation, all of the GCPs are considered in the
computation at the same time. It will be obvious
from the description of the multiquadric method
given above that it will require a much greater
computational effort than that required for the
pointwise and piecewise polynomial
transformations. This results from the fact that all
GCPs are considered in the adjustment procedure
instead of only the restricted number of
neighbouring points used in the piecewise and
pointwise procedures.

5. Two-Dimensional Projective Transformation

The two-dimensional projective transformation is

a simplified version of the well known three-

dimensional projective transformation in which the

third coordinate (dimension) is considered as

constant and, in practice, may not appear at all. It
describes the relationship between the object and
image planes (Figure 5), and can be expressed as
follows (Searle, 1984):

vy aF ray va

ex + oy + 1

18
_b1x+b2y+b3 ()

aOx + oy + |

where
a, a, as b, b, b, ¢, ¢, are the projective
parameters;
x and y are image coordinates: and
X and Y are the ground (object) coordinates.

Projection centre

Image plane

Ground (object) plane

Figure 5. The projective relationship between the
ground (object) and image plane

(minimum requirement is four control points)

13
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positions of all the other pixels in the image are then
interpolated using a weighted distance factor in
relation to all employed GCPs. With this, a perfect fit
will result at all the GCPs. However, this also
means that the quality of the rectification at the
GCPs themselves cannot be checked. According to
Ehlers (1996), the multiquadric procedure can be

summarized as follows:

(i) Calculate the distance fi(x" y’) between a point
(x’, y’) in the image and the GCP (X, )

s
£y) =[x - XP + 0" = P (10)

(i1) Calculate the distance f; between two ground
control points 1 and j with planimetric coordinates
(X,.. ¥}y and (X, )

1
T “L’,)2 o ¢ P Yj)zl2 (11)
Note: f, = f; = (X;. ¥) =£ ;. 1.

(iii) Set up the interpolation matrix F' = (f,) 4, ..
where (n,n) means that F is an n by n matrix.

(iv) According to (9), the residual vectors /dX/ and
[dY] should be modelled so that they can be
calculated from F, where [dX] = F A and [dY] = F
B. For the [dX] values the relationship is:

dX, M S Jal | @
dX, o S Sul| | @

2

(12)
an fnl -fn2 ]:m a,
This results in n equations for n unknowns in each

set and these can be solved to gain values for A.

The matrix F is symmetric and has zero values

12

along its diagonal (i.¢. f;,=/2= - fon =(0)). Now the
above equations can be solved to produce 4 and
the residual improvements dXj (where K=1, ...,
n) can be modelled as follows:

Sl * fa® t v Kl T (13)

(v) The same must be done with the ¥ coordinates and
vector B to give the [dY] values:

dY1 fn fiz f]n_ b!

dy. b

| 2 3 j%l f22 on .2 (14)
dYn fn! fnZ fnn bn

Again the residual improvements dYpforK=1,..,n

can be modelled as follows:

fabyt fiabs ¥ finbs = Dy (15)

(vi) Now a geometric interpolation according to

equations (13) and (15) can be performed for every
pixel (x", y’) in the image using the interpolation
function f{x’, y) from equation (10). Let f; now stand
for fix', y) with =1, ..., n. Equations (12) and (14)

will now become:

fia, + fLa, + .. + fa, =dc
fiby + by + o v fby=dy  (16)

Now the true location of cach point (x*, y) can be
calculated using the improvement vectors (dx , dy) as
follows:

(X.Y) = (x",p) + (dx.dy) amn

If point (X, ¥) is a GCP with coordinates (X, ¥y), a
perfect fit results. For all other points in the image, an
interpolation is carried out according to the
multiquadric interpolation model given above. The

interpolation coefficients f; provide a distance
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If all coordinate values have been reduced with
respect to an origin in the new point, then only the
absolute term of the polynomial has to be
computed. Each required coordinate correction at
a control point leads to one correction equation;
normal equations are then formed from the
correction equations and are solved for the

coefficients.

Thus, in this moving average procedure, the
contribution of a correction equation to the normal
equation is always given a weight that is a function
of the distance between the new point that will be
adjusted and the ground control point. This makes
the coefficients in the transformation formula
different for each point that is being transformed.
The name "moving average" is based on the fact
that the functional value of a polynomial can
always be expressed as a linear combination
("average") of the values of the errors in the GCPs.

These pointwise methods make it possible to
obtain a good fit at any number of points by
attaching a larger weight to the contributions from
nearby control points. A good overall result of the
adjustment can be obtained by careful selection of
the weight function and the polynomial that are
used in the procedure.

4.4 Multiquadric Interpolation

This method was devised by R. L. Hardy in 1968
and was first described in Hardy (1971) for the
interpolation of irregular surfaces. This method
was later renamed as the multiquadric-biharmonic
method - since the method was actually a numerical
type of biharmonic analysis (Hardy, 1990). Later
Gopfert (1982) and Ehlers (1987) modified this

method to make it suitable for the correction of

remotely sensed image data. In this form, it is
particularly suited for the rectification of remote
sensing images of large scale and locally varying
geometric distortions.

In practice, the first step before the application of the
multiquadric algorithm to an image is to use a
standard polynomial routine. Polynomials of first or

second degree should be used to carry out a
preliminary transformation to keep the distortions that
can be introduced by polynomials of a higher order to
a minimum. This process keeps the remaining
residuals small enough to be handled more easily in a
computer.

The residuals at the ground control points (GCPs)
within the pre-rectified image can be calculated from
the differences between the known coordinates of
these points and the transformed values of the image
coordinates of the same points generated using the
polynomial coefficients into a reference system such as
UTM, as follows:

=X, X,
iy =¥, - T, 9

where (k=1, ..., n) and,
dXy , dY, are the resfduais;
Xy , ¥ are the known GCP planimetric
coordinates; and
X' . k' are the interpolated planimetric
coordinates of the GCPs.

Next, the multiquadric method is used to interpolate
vectors (dx , dy) for every pixel (x*, y") based on the
GCP residuals obtained in the pre-rectified image.
This is done in such a way that the residual vectors
(dXy , dY,) are modelled exactly for each GCP. The

11
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cach of the GCPs. Then a new transformation
procedure is defined for each new point in the
image, using only the surrounding subset of ground
control points (GCPs). Essentially this comprises
an individual transformation for each point (or
pixel) in the image using only the closest GCPs. In
this case. for each new point, the technique
assembles a set of neighbouring GCPs according to *
some criterion. This may be the n closest GCPs
(Figure 3a) or it may be the m GCPs lying in each
of the four quadrants centered on the position of

the new point (Figure 3b).
P x Ground control
a— point ( GCP )
~
e
o :
. A :
New pomnt :
o= g n = no. of closest
= points =7
_-—:"'x E
- ausE e

Figure 3a. Search routine for the closest points

using a square window to collect n GCPs.

ek \ x Ground control
e i pomnt (GCP)
0;‘ \
/l
Newjpomnt

5 m = no. of points
-—:-1 per quadrant = 2
-—
’e/ St e

Figure 3b. Quadrant search routine for m=2
GCPs.

A typical pointwise procedure utilizes either a
weighted distance average method or a moving

10

average method as the secondary transformation for
new points.

In the case of the weighted distance average method.
the corrections for the coordinates of a new point arc
computed using the residual vector error values at each
of the surrounding GCPs (based on Figure 3a or 3b)
whereby the value at each GCP is given a weight as a
function of its distance from the new point:

n n

E wi AXJ' E wlAYl

AX, & T AY, = Z— ()

n n

S, £,

where
AX,, and AY, are the corrections for the ncw
points;
AX, and AY are the known residual errors for
each of the surronding GCPs coming from the
preliminary polynomial transformation; and
w, are the weights of the errors at each of the
GCPs and are a function of the distance (d)
between the new point and each of the GCPs
A typical weight function can be considered as:
w, = 1/d}
Obviously, a large value of k increases the effect of the
closest GCP while reducing the influence of all the
other points.

In the case of the moving average method, using the
error values at the selected neighbouring GCPs, a local

“polynomial of a low order (first or second order) is

then computed. The coefficients in the transformation
(polynomial) formulac are derived using a least
squares procedure. The coefficients of the
interpolation function will vary from point to point
This increases the flexibility of the correction method
although much more computation is involved (Leberl
1975 and 1990).



. T ————————————————————————————————— N CC Journal - No.26, 1996

regions, thus avoiding the tendency toward ill
conditioning which results from the use of higher order
polynomial coefficient matrices (Konecny, 1976). The
types of spline function which may be used for the
transformation and rectification of an individual small
patch or piece of an image are shown in the box at the
top of the next page.

It will be seen that a certain minimum number of
ground control points need to be available in each
patch or piece - 4 in the case of bilinear: 9 in the case
of biquadratic; and 16 in the case of the bicubic
function. This means that a dense network of ground
control points needs to be available across the whole
image in order to implement this method.

A problem that can arise with the use of the piecewise
(or patchwise) approach occurs along the boundaries
of the sub-images into which the overall image is split.
Some method may have to be devised and applied to
allow a smooth transition and continuity between one
part of the image and the next, ie. between the
different sub-images. For example, constraints can be
introduced by forcing the individual functions in the
patches to coincide along boundary lines, so that joint
functions will result.

A basic critique of this method is that a general
mathematical model which relates the (slave) image to
the (master) gro nd control coordinates data set no
longer exists. Instead, there are a number of
mathematical relations that are being employed
independently in different parts of the image data set.
These different parts are also being chosen on a
random or non-speciﬁc basis.

a) Piccewise hilingar Tunctions (1irst order splines)

Vg, vayx capary

I 3 C o bovy AL
silg 0 Byx v by v beny
T ean be seen that these simply comyprise both the Girst oner ferms of the general polynomial given above

in equation (3), and the product (x) of these fwo terms - hence the use of the term bilinear.

b) Biquadiatic polynomials (second order splines)

X =a, 0 MYy axy e .IH" 0 a‘y’ ' ubxz‘y vy a,.\“’_r2

(6)
Fos by 0 b byw v byxy o bx? by ﬁ“x’y (] bex?y
Again the individual terms included in this comprise all of those up (o second order which were inclided
in the general polynomial equation (3), nchuling their products (v17, ¥y, x%)7) - hence the use of the term

biquadratic

<) Bicubic polynomials (third order splines)

Nza, vaxvayanr s an? age? gty axp! agxly? .

] .r

A ¥ a, v Lty et ca et L
Py wbeio by s byey o bx? v by? v baly v byl + hatyt o

byt bt by ety o byt L L L L N

Once again, these comprise all the terms up to those of (he third order occurring in the general
polynomials, and will include the fou th order (eg. x"y) and fifih order (cg 2")?) terms formed by the

products containing third order tenns - henee the name bicubic

It is evident, however that, when higher order
polynomial interpolation functions do not work
with sufficient accuracy globally across the whole
image, piecewise polynomial procedures can yield
a significantly improved accuracy in terms of
geometric registration and fit. Yet, even these
discontinuous interpolation functions cannot cope
with image data sets exhibiting locally varying
geometric distortions of a considerable magnitude.
In these cases, the pointwise polynomial procedure and
the multiquadric interpolation method are possible and
promising alternatives, albeit with a large increase in
the computational effort that is required.

4.3 Pointwise Procedure

In the so-called pointwise procedure, a global
polynomial is first used in a preliminary stage to
match the image and ground coordinates of the
control points. Residual vectors will then result at

9
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determined using the measured image and known
ground control point coordinates. Normally a least
squares procedure will be employed with the solution -
since there will often be more ground control points
available than the minimum number necessary to solve
the unknown coefficients. The choice of the number
and order of the polynomial terms used in an image
transformation is determined by the degree of accuracy
required for the particular application, the number of
control points required to achieve this accuracy, and
the computational facilities available. It is most
helpful when deciding which of these terms should
actually be used in the transformation of measured
image coordinates to terrain coordinates to understand
the effects of each term on the transformation and the
pattern of distortion or displacement that is modelled
or corrected by each term. These are shown
graphically in Figures 2a and 2b.

HH HH
H b
RN

a,x azy
J : a, xj a, g ¥
T/ \
i TR
“-I Eiﬂ '
a’xyi a,xy’ gk
a,y, a x a,xy

Figure 2a. The effects of the polynomial terms in X

Thus, for example, a first order polynomial or
affine transformation will only include the first 3
terms of each equation in (3), i.e.

X=a,*axtayy

Y:bu+b,x+b1y (4)

4 — 1
=111
e a,x a,y
s
—
2
a.,xy a, x a’ ¥
~ 1
1 5y
/
T > )
Xy —a,xy a, x'
_~1
=]
3 ) 1.2
avy ad’ox-v a,{x.v

Figure 2b. The effects of the polynomial terms in Y

This can accomplish scaling, rotation, and
shearing, but not warping. A second order or
higher order polynomial can be used to model these
more complex distortions (Mather, 1987). The
polynomial method is well explained by Wong
(1975), Konecny (1976), El-Niweiri (1988),
Ganguly (1991), and Petrie and El-Niweiri (1994).
Whatever its defects. it is worth noting that the use
of the general polynomial transformation with up
to 20 to 25 terms has been widespread in remote

sensing practice to date.

Polynomials do have the disadvantage that the
model from which the coefficients have been
determined may fit well at the control points, but
may deviate strongly elsewhere in the image due to
the unpredictable effects of the higher order terms.
An alternative method to the use of the general
polynomial which attempts to overcome this
disadvantage, is to use spline functions or a
piecewise polynomial procedure.

4.2 Piecewise Polynomial Procedure
This uses low order polynomials within bounded
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models can be divided into three main groups:

1) those following a two-dimensional
interpolative approach using polynomials of

various degrees;
i) those following a two-dimensional
projective transformation; and

i) those of a three-dimensional tvpe

developed from a rigorous geometrical
analysis of the linear array imagery.

In this paper, only the two-dimensional approaches,
.. cases (i) and (ii), will be discussed and analysed.
Flat ground with no relief displacements will be
assumed throughout.

The principal aim of utilizing a two-dimensional
image transformation in photogrammetry is to carry
out image rectification. With these methods. no effort

is made to estimate the orientation parameters.
Instead, the common approach is to use a
mathematical formula whose parameters relate the
image space to the object space as well as possible.
Using the known coordinates of ground control points
(GCPs) in the object space, and the measured
coordinates of the corresponding points in the image
Space as observations, the parameters of the
transformation model are computed. '}hen the
computed parameters are substituted back into the
transformation model which is then used to compute
the planimetric ground coordinates of any other points
whose image coordinates have been measured. In-
practice, polynomial transformations are used
widely for this purpose, especially where high
positional accuracies are not required, e.g. in
thematic mapping and in projects where the
interpretation of the ground features is the main
matter of interest.

4. Two Dimensional Interpolative Approach

4.1 Polynomial Approach

The polynomial transformation that is commonly
used takes the form:

X=a, (a constant term)
+ax+ay (linear (1st order) terms)
+axy +ax +ayd (quadratic (2nd order) terms)

Ttaxy +axs +ap' +ay’
(cubic (3rd order) terms)
Faery tapy’ +apt +a’ +a by
(quartic (4th order) terms)
Ly +aly + apX + ay’+ ax'y + apo’
(quintic (5th order) terms)

F=iby,
+bhix + by
+ by + bl + by
o as above 3)

b1 b1y + b+ by by + by

where
X and Y are the ground coordinates of the
point;
x and y are the image coordinates of the
point; and
a,and b, (i=1 to n) are the transformation
parameters.

As can be seen from equation (3), each of the

individual equations generating either the X or the

¥ coordinates include a variety of different terms.

The number of terms of a specific order in these
equations will always be one greater (n+1) than the
order of the terms (n), e.g. there are five fourth order
terms, four third order terms, etc.

As mentioned above, the coefficients of the
polynomial  transformation are conveniently

7
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2. Functional Relationship

In order to reconstruct the position and shape of
objects from linear array images, it is necessary to
define the functional relationship between the image
coordinates (,y) of a point and the coordinates of the
same point in a specified ground coordinate system
(X.Y,Z). In general terms, this relation can be
expressed in three dimensions, as:

=X Y
x = fi ) (1)
y = g(X, Y. Z)
or in two dimensions as:
x = fixX. D
4 2)
y=gX.,h)

Such functional relationships can be realised through

the use of a suitable mathematical model which

describes in the best possible way, the physical
phenomena that are involved during the imaging. The
choice of the model depends on a number of factors
such as the assumption that the variations in the
parameters or discrepancies occur either in a
deterministic or a stochastic manner; the magnitude of
such variations that are to be expected; the

computational effort involved; and the accuracy of

representation desired.

The geometry of imageries based on the usc of
linear arrays and the pushbroom principle of
operation differs significantly from that of
photographic imageries. These include the different
nature of the imagery itself and the very different
perspective relations that are involved. In turn,
these lead to a quite different geometry for the
imaging rays. The image produced by a pushbroom

scanner is a continuous strip image made up of a

6

large number of individual scan lines occurring at
a frequency corresponding to the scanning

resolution within the lines (see Figure 1).

Direction of motion Linear detector array

Projection of the aray
on the ground

Ground swath

Figure 1. Along-track pushbroom linear

array system

Therefore the two-dimensional image is
constructed as an indefinitely long strip covering
the ground swath lying under the flight line. The
constant frequency of the scanning imaging action
allows the image coordinate axis, measured along
the strip, to be regarded as a function of time.
Since the positions and orientation of the linear
array sensor in space or in the air are continually
changing along the orbit or flight path, the imaging

geometry becomes dynamic and time dependent:

3. Mathematical Modelling of Linear Array

Imageries

Many researches have been carried out into the
geometry of linear array imagery and a number of
different  mathematical ~models  for  the
photogrammetric ~ orientation, rectification and
reconstruction of these imageries have been devised.

Taking a broad view, these various mathematical
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GEOMETRIC CORRECTIONS OF LINEAR ARRAY IMAGERIES
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Abstract

In this paper, the different transformation models for the geometric correction of linear array imagery in two dimensions are

investigated and compared. They comprise the two-dimensional polynomial approach in its global, piecewise and pointwise forms:

the multiquadric interpolation technique and the two-dimensional projective transformation.

1. Introduction

There are essentially two different approaches that
can be used to correct the geometric distortions
that are present in a remotely sensed image in
general and a linear array image in particular: (i) a
deterministic approach, and (ii) a transformation

approach.

The deterministic approach occurs where the type
and magnitude of the distortions are modelled and

these models are then used to correct the data.
These techniques work well when the types of
distortion such as Earth rotation, Earth curvature
or sensor characteristics such as lens distortion are
well-known. Thus this approach works very well
with aerial or space photography where pre-flight
calibration can determine many of these

parameters. However it works less well with the
dynamic imaging characteristics of the scanners
which are widely used in remote sensing.

By contrast, the transformation approach depends
on the assumption of a mathematical relationship

existing between the pixel locations of points in the
remotely sensed images and the corresponding
locations in terms of the ground coordinates of
those points. This approach does not depend on
any well defined physical relationship as in the
previous deterministic app;'oach but in a purely

mathematical relationship. Thus the parameters of the
mathematical functions are derived through the
application of a transformation procedure.
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dam is explained including a summary of the final
results. The results obtained from the deformation
analysis satisfied the =3mm monitoring criteria at the
0.95 confidence level and clearly identified significant

displacements of the crest of the dam.

Readjustment of the first order terrestrial
network of Iran.

By : Morteza Sedigi

NCC with cooperation of US Army Map Service
and other American agencies had been establishing
Iranian classic networks from 1954 to 1977, but

unfortunately final results of them are not available.

After our revolution, NCC began for establishing
a control network (1984-1990). Unfortunately, this
network was not finished in the South of Iran, and
distance observations were not done in all
parts(specially in the South of network). On the other
hand, astronomical observations which must be

observed in every 200km, were not done completely.

NCC observed the GPS network until 1990. This
network was adjusted by used of spatial distances in
two dimensional space [Amoui 1991]. The adjustment
was done by TRAV 10 software on the WGS84 and
Hayford datums. The solution on the WGS84 ellipsoid
was donw in weighted constraint adjustment (by
processing five points in single point positioning) with
+5 meter as standard deviation of constraints. The
solution on to the Hayford datum was done by one fix
point(at the West of net. near the Iran - Turkey
border) and four weighted points by =1 meter
accuracy. In that year, the classic network was
adjusted by use of 38 common points between GPS and

4

classic network. These adjustements were done by
considering 38 fix points on to the WGS84 and
Hayford datums [Amoui 1991].

In this thesis, the classic network was finished by
simulating it. We assessed the effects of added points
and observations in the gap area and poor part of the
network, respectively. It was shown that by adding a
few points and observations(e.g 12 points & 35
distances & 40 angles) in gap area and a few
observations (e.g. 41 distances & 3 angles) in poor
pars of the network. We can obtain better relative(less

than 20PPm) and absolute accuracey for all points.

In chapter four, we adjust the network, then
analyse the fesults of adjustments on to both WGS84
and Hayford datums. We will see the effect of errors in
coordinates of constraints on the network. Other
examinations are the effects of geoidal heights and
vertical deflection components on the coordinates of
network. It is shown that neglecting the negative
values of geoidal heights(N) makes the network small
and neglecting the 77 ,£ rotates the network. It is shown
the coordinates or weights of constraints could not be
correct in the adjustments in 1991, and those
constraints distort the network.

At the end, we recommend the completion of the
network that can be done by GPS.
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urban development, planning for and managing of
transport facilities lead research towards closer-to-
reality information of geo-referenced phenomena. For
these applications, there is a need to consider not only
current but also historical and future plans. The
incorporation of time, in this regard, is a necessary
basic component of every spatial object. Consequently,
data on the past status of the problem domain is
essential with a view to establishing the present legal
state of affairs but also for modelling the objects’
behavior, thus being prepared for events that may be
-caused by both natural and social forces, as well as for
planning the desired future. Therefore, the time aspect

is the most important addition to spatial databases.

However, the incorporation of time into spatial
models is not simple. One reason is that spatial and
temporal dimensions are semantically profoundly
different. This thesis first analyzes the needs to
incorporate time in spatial information systems; it,
then, reports the differences between space and time,
from a variety of aspects. After recognition of the
conceptual basis, for space and time, the research is
aimed at how they can be handled in a single Spatio-
Temporal database(STDB). Semantic analysis is used
for the theoretical task of explaining the semantic
issue associated with space and time, and a prototype
of a Rich- Spatio-Temporal Data Model(RSTDM) is
given. This prototype model has been implemented in
ONTOS (an object - oriented database management
system).

A fully operational spatio- temporal database,
and consequently, a dynamic GIS, cannot be developed
by this single approach, and definitely would require a
concerted effort from a variety of disciplines. However,
this research is an attempt for a promising start

towrads achievement of such a goal.

DESIGN , IMPLEMENTATION , AND ANALYSIS
OF TWO - DIMENSIONAL DEFORMATION
SURVEYS OF TOROGH DAM

By : Eng. M. Sakeri

Most dams, expecially those in Iran, have little or
no formalized monitoring scheme or instrumentation
incorporated as part of the overall surveillance or
preventive maintenance of the structure. Data on the
behavior of these structures is obtained by performing

precise geodetic and geotechnical deformation surveys,
This thesis summarizes the phases of an inve-

stigation undertaken to determine the deformations of
the Torgh dam in Iran.

Experiences with this kind of dams, have suggested
that possible displacement of the crest in the order of
*3.0mm per year in the horizontal (x,y) direction
could be expected. During the process of this
investigation, several problems related to the design,

and analysis of deformation surveys had to be solved.

The steps taken in the design of the observation
methodology to achieve the monitoring requirements
using the UNB Generalized Method are outlined. The
design of observation specifications and a data
acquisition methodology are considered. Major design
aspects relative to the preprocessing of the observation
ata are also presented.

The two - dimensional analysis of the deformation
surveys describing the mathematical models 5
procedures, and adjusted results are discussed. The
trend analysis of the displacement vector field, and the
problem of resolving and statistically confirming the

stability of the reference points is presented.

The approach to modeling the deformations of the

3
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ESTABLISHMENT OF ZERO ORDER
GEODETIC NETWORK OF IRAN AND
CONNECTION TO THE IGS GLOBAL GPS
NETWORK.

By : Eng. H.R. Nankali

National Geodetic Networks are the most
important bases in every country for producing mapps
(large and small scales) from satellite images, land
surveying and photogrameteric missions and also
important for Geophysics , Geology , Geodynamic
(crustal movement , earth quick predic - tion) and
another surveying missions.

One of the responsibility of National Cartographic
Center in Iran is establishing geodetic networks which
consist of two parts :

1) Classic Geodetic Network

2) Satellite Geodetic Network

In 1988 the N.C.C equippied 3 single frequancy
WM 101 receivers,and decided to establish a network
which cover the whole country. This network consist of
343 triangle with average lenght about 100 km.Each
triangle observed in one day with the period of 3
hours. All data process with pops software and used in
adjustment software (TRV10) without any variance /

covariance information.

2
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In 1992 N.C.C equippied 3 dual frequancy
receivers and decided to, improve and optimize and
also detect remaning systematic errors of the first
order satellite geodetic network of Iran. For this
propose we decided to design a network (according to
time, expense, number of receiver), which consist of 10
points common with first order network and cover the
whole country. This network called Zero Order

Satellite Geodetic Network of Iran.

In order to improve the network and increase the
accuracy of Z.N we decided to use precise ehpemerids
in all computation and also connecting to the IGS
GLOBAL GPS NEWORK, which the coordinates are
in ITRF system. Result in maximum accuracy and
minimum computational burden and also having well

define long term stable reference system.

The Management of Spatio-Temporal
Data in a National Geographic Information
System

By : Eng. A.A. Roshannejad

Increasing demands for ways of handling spatial
objects in the management of land and water

resources, administration , environmental protection,
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