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11-tt .:a.~ !ii o 11 Ml 
(Geo-Referencing System) 

~cf>T (Introduction) 
" ~ "lfT ql~4°sc1 # W-IB fitja:cn mr mq, ~ ~ 34icn$l "cnT ~ m ~ ~JJctc1 

tr wmt ifi ~j¥q ~ fcn"lfT ~ fichctl ~' ~ qUR ~ 3'.f~ 1l ~~~I tfIT 
fcfi ~ ~ fcti 1t~ ch't 3il<f>@ cFilchl{ ~ I ~ 4HM~cfil{l. ~ ~-~ 1TT "'2~ ch't 1rlc1lchl< 

• ch1 fi4dc1 cfil'l-ii 1TT ¥qH1{0] ~ ctr R{.fl{ c:hl~l~I cfiT ~ I 'El{lctc1 ~ ~ "cfiT ~ 

&,'t ~~lllctl "B 3q~ ~1f°Gctlll ftj~ltict13TT ~ 3lT'tlR 1TT ¥q1 . .flftct ~ ~ fichctl t I 
'tt{lctctlll ~tj-ildTT "cnT R4Ga ~ B fi-c11R1a ~ ctr Rctl.fl 341q~llcnctl ~ t ~fl~ 

~Hldcilll zjtzj, qfilq Wffif ~ ~ ~ ~ "B ~ ~ wt1 ~ ~ ~:Clctcilll ~ 

QOl!c91 (G;o-Refesence System) cfil ~ ~ cfil 3ilq~llchct1 ~ t I tfIT fcfi ~ t ~ 
~ 'tt{lctcilll ~tj-i].q 4H~~'i 1l ~~~I 41rlM~ cfiT ~ ffl qlffif"tjcfi ~ cfi1" 3il<f>Rl4l 

cfil ~ cf"fTTq Wffif ~ d4j¥q ~~If-ii mill~ I 'i{f,nfcich cffifcf Wffif "cfiT m ~-~ (Geo­

Referencing System) SIO!I~ ~ ~ I 41rlM~ ~IMffill f¾~ltictl.q ~ ~ mff ~ I 
~ fitja_-i ~ ~ ~:Clctffill ~tj-il-3TT t >l@~k1 ITT! ~ ~ mff ~ I ~flR1~ ~ ~ 

cnm ~ Bcna1 t fui ~ fitja:--1 ~ mq, >1fa~kfi # iiHM~ ~ ~1f"Gfa4 ftj~1t1a1.q ~ ~ 1 

~ W B ~ ~-i 3~ I ~1· "cfiT ?:Hlct ct1 ll cffifcf ~ ~ ~ ~ ~ arft:r ~ I cpp,1 ch fflfil 
t I l{fiflR-1ch qfilq Wmf ch1" R{~lic:hl. (Coordinates) ctr fi~lllctl ~ Sla:~fa ~ ~ t I 
~ (Definition) 

Ii~ R~-clct R<!;~lich $101141 ctr ¥q{{91 ~ dlj¥q qlf{1f°tjtji ~ ch't d41<f>TT141 cfil 

~ ~-~<q SIOllfTI ch~c1lctl t I" 
"Geo-referencing means representation of the location of real-world features l,vithin 

spatial framework of a particular co ordinate system" (Albert and young, 2005,s p 32). 

~ ~ -q ~ m B!-1$11 ~ ficfail t fct-
,, ~V~qf{~ W fitja:rl 34ich$1. °q)1 ~-«t.HlctMlll (Geo-Spatial) 31icfi$1. ll qf{9J~ ~ tt 

~-~ ~011d) ,t;~c11ct1 t I" 
~ ~ ~ . ~ ~ ~ 3ilq~~ch ~ ~ 'El{lctHlll ~ 51°11Rt (Spatial Reference 

System) ~ ·ifl 11lfr:1rti ~~ ~0 11d) (Geo-graphical Reference System) ~ ~ "8t ~ ~ 

~ ~ ~ Geo-referencing <fl6f ~ ~ I ~ ~ tft ~-HtoH1l.f llfCR ~ ~ ~ 1 

,i-~ !,IOitHl a:i d(~Q (Objective of Geo-referencing) 

~ ~ tj ~~ ~ °ffl ~ ~ 1l ~ ~ cffi ff <tr ~ 0~ ~ fq cHi c1 mq ctt -61 {Jct c1 

~ cfl«ifc:lcf> Wmf ~ ~jGl@<fi ffki~ cf>1 ~ ~ tf ~ ~ 51011cl) cf;f ~ ~ ~ I 



n :rncn"ffi4l cfiT ~ ctfilq ~ $ dij,(i\q ~ ~ ~~#<a-~ cor ~ ~Hld(11~ vi,,_. ~ ~ . -A f:::>. ri' ~"'I. &-
00 
~ ch'T ~ ~ ~ ~ ~ a1~Jfa c:41«ii9ch m q')I ~l~in4i cnr ~ ~ ~ ~ • 

1 
(Recording) qf°{ch<?H (Computition), (f~ ~~<1~01 ~,-qn llfCR" (Measurement), ~:H-l6° ' 

(Analysis) ~ ~ ~ I 
cq--tl~'Q' ct\" ~ctiM41 (Concept of Geo-Referencing) 

c-- ~ ~ ~ ~ ~ ..4- 4--r=T ~ m 'U ~ ~ ~ tjcf,~-11 ~ ctch-11Rh ~ ~ ql~q ~ 91~ ciqq~ll~ch 'l.'"''1 ~ ~(9 1 
........-,+-"T::r& cf ft Rf ~ ~ ~ lTicilchl{ ~B4ctc1 'tj{lctc1 ~ Bl4ctc1 1-iHRI~ ~ Blhc1ctl~ ch mq;, cf>1: q _ 9 ct _clmTT ~ I ~ f..1';{~1ich sio11~ ~ filU ~ ~ ~ r ~ mu ~1q:;ffi;q1 cfiT ~ mq;, ~ .. <i~~1q-;., ~ wm m ~ ~, 1.ffifq 41-1~~ ~ '61{1at-n~ ~a11 cfiT 3lT'tTT-l ~ ~ 141-1~~ ~1<fi~1 ~ ~~ ~ ~-q-,l~ ~ii~-~ ch'T ftj~1~ctl-:ffi ~ ~ ~ ~ 3A ~iHI ~ cfi8 ~ Sl 0 IIR14f ~ ~ ~ I "CJ:~ cfiT ~ ~ ~ llfolal~ ~ ~ mu fil4ctc1 mm -q-{ $!~~fa ~ ctt 

Bch(?{-HI cnT 3ijJ.ll--l ~ (Geiod) ~ ~ (Ellipsoid) cfil -cffi<qffl'f ~ cillllll 7m Behal ~ ~ 
~ ~-~ sio11cl) cfiT Bchc?-HI cnT l[ffi~ ~ I 

~: ~ Bel~., 3iich$l ~ ~ ch't 11{ ~ ~ DN lfRT # ffilfT ~ ~ I ON llR far;,r fcfim ~-q-,I ~ ;,m ~ ~ ~ i ~ ~ ~ ~ (Resolution) cfiT ~ ~ ~ mfil ~ I 
Slfi.lch ON 1iR cfiT ~ ~1f?lct)~ W-TIB mffi ~ I ~1fi-ifa~ B~.-'t:l ~ ~ ~ fcn tj{lctc1 ~ ~an~~ ~3TI ~ ll'V:f B411Ylffich ~ ~I fcnm ftlcR1c1 cfiT ~ cnT ?-Hlctc1 ~ ~ # qf{qRfct ~ ~ "BcnctT ~I~ ch't w.TIB cfil 3D f;i';{~lich Sl □ llct1 (3D Co-ordinate 
system) # ~ t-11.-if¾~ ~ # 20 Re.~lich sio11c41 (20 Co-ordinate System) $ ~ ~ ~ ~ Bchctl ~I 

~ m fcfim ~ ~ (Image) "chT 'l'.f-~~ cnG ~ m fi4~13TI cnT ~ "Q?:f> ~ ~ ' f..1cnlc11 ~ ~Bch...,...ct ...... l ~-

(i) ~ 3Wf@ ch't ~(Image)# q€?i.lH ch't ~ ~ ~ 41-if"¾-;{ $ f.-l~~lich ~ ~ ~~WI 
(ii) ~ B~G., ~ ~ ~1f?lct1?.l ftjcfil-0 (Distortions) cfil ~ ~ ~ ~ B,chal ~ ~ ~ fcnm Mcf8c1 q-~ l-lHf¾~ ~ f;i';{~lichl $ 3i:!,(i\q ~ ~ I ~ >fcf)R ~ 

f..l~~llch ~ql~{0 1 cfil ~-~ (Geo-Referencing) cnm ~ ~ 1 ~ tjtja_~ ~ 
~. ~ .iJ:B. lf fcfi"m ~ ~ ·;mmfu, "11 JTI R-icn slcT SIRfilll "chT ~ ffl ~ ~ "ITTffi-g , ~sTZT~~llRT~~l 

,r-+'~'a ~ dQltlQ (Approaches of Geo-Referencing) 
~ 3TTmful 'qf lflf'1ch ~ ~ SIRhll--1 (Process) # -~ <U m 3qp1ql ~ ~ ~ ~ cfiT 'i-~ ~ ~ i- ··~'-A 

(i) ~ cfiT qi..ifil~ if ~.t1ch{Of (Image to Map Rectification) 
(ii)~ ~ ~ if tj;sft~{ut (Image to Image Rectifi cation) 
(i) ~ ~ qt-1f¾:.t q ~41f.ti{Of - ~ ~ cfil, '1Hf¾~ frl4~lich 51°1lctT if qf{qRfct ~ m ~ cflT-1 <tt stfshqt ~ ~ cf)f ,:uo1f¾~ if ~ ""T""-r--r~ ~, ~ ~ ~ ~ ~ if qra; ~m ::t cfi~ i:.1 lct I ci ct>ci.., ~ ~ ~ IQl~ q c'.hli:.1'1 ~<~licfll ~ qirif¾:f X q y f..14~tichl # (iq,~{OI ~ ~ ~ I ~ ch1 ~ ~ 3Mf{ -~ qft+.t1 c1;, Slf?hl{t ~ 6i.:fpfa ~ ~ '5fTID ~­
(a) Spatial lnterpolat 1on by Co-ordinate Transfonnation 
(b) Attribute Interpolation by Resampling 



(ii)~cfiT ~ki ~ ciJlcti~OI - ~ ~ ~ t ~ ~ ~ ~ ~ ~~ 
~ ~ chl ~ ~ ~ I ~ -q ~ ~ 'iH~~ P!{~lich chi ~~llfol ~ ~ ~ ~ t ~ 
tffilllffi ~ ~ ~ cfil ~ ctr ~ mffi 51Rhlfl ~ cfil" ~ -q 4'5fich<0 1 cht5ffldl t I 
~-~-~ - # fll'il~o : ~ ~ ~ ~ % ~ ~ # qZift<f>{Ul ~ ~ t1 
~-~ cb't !,l fa:ilf 1 (Process of Geo-Referencing) 
~ ~-;, ~ ~-~-~-* ~ srn cn1 ~ Pl~~a 'it.-l~~ Pl~~lich S1011c-ft # ~­
~ cnBr 3ffif ~lcl~lfch mill ~ 1· '{<1~q ~ ~ slcT cnT ~-~ cnHf U-0. ~ 
(layer) ~ Bchfll.-ll ~ I ~ ~ cfil X. (Horizental) ~ y (Vertical) ~ 1fis ~ ~ ~ 
"Sl~~h; ~ -;-jfTffi ~ I ~ ~ sRT ~ chi ~ llftfi ~ chlff J.t ~ ~ ~ o ~ ~ I ~ 
cfiT ~.:rni.i 3TT<f>f< llTCR ctr ~ ~ ~ ~ I ~ ~ ~ ctr ~ dflcfil tifrn tR§ll1 ~ 
~ ~ ~ q 6~ 1-,l ~ ~ t I llftfi cnT ~ ~ -i I r'4 ch ~ ~ chi 3ffi ~ chi c-l'i ~ am ch1 ~ cnm t cm 1 ) , 
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(a) A Raster Co-ordinafe System {b) A l'vfap Co-ordinate System 
#ff J : The Raster and Map Co-ordinate System 

~Q l~HOI (Transformation) 
~ f.:l~~1ichl cn1 l-11.-tf¾~ Pt~~lich1· ~ m~ ~ ~ ~ ~ "BIB er amrr-, crttcnr 

(iql~(OI ~ cfll' >f<TT1T ~ ~ ~ 1 · ~,~fall {i:-.41..fl(OI (Geometric Transformation) ~ ~ 
~ ~ ~ ~ Pt~~lich 51011fc;t4'j chl \Jfl,$<11 t I ~ f;ri;, ~ ml' fl4~1lfl 1fllT ~-

X=3+5i 
Y=2+2.5j 

ftft 1 ~ 3~ x q y Pt~~l ichl. cn1 i q j ~ {i:-.41..flfta ~ 1fllT t I 3qi)u, ~ ~ ~ 
ftn it W:f ~ ~ ~ i iflT ~ 4 t ~ j q;T llR 3 t 'ITT ~ 41..f~~ f4~~1icf>) # qf{qJ.=t 
~ ~ x=3+5x4=23 ij~ y=-2+2.S x 3=5.5 'ITTffi t I ~ ~ ~ ~ ~ {i:-.qt rfiftct ~{1 412{ 
~ it ~ ff! ~ fq&{~c1 ~ frl~ !lti cn ~ ~ ~ ~ ~ I 

~ m ~ ~ faf-51c: 1t~~H ~ ~ t rit· ~ ~ ff ll~a ~ cfi) 4trffil-;f f;r~~1icf>1· 
~ ~ ~ ~ m ~ I nfi ~ lil-i~=:t f:l ~~tictil tlil ~ fctcR.( ~ ~ 3ilf{ 
~ ~ ~ m ~I~~ ~~lit cffi (l qf~(ot (Transformation)~ ~I 

~Ql~<OI ~ SA<fil< (Types of Transformation) - {i:-.41~(0I ~ f;tl:;:r m ~ ~ ~-
(i) q1fl1-1i f4l .-kl ~ql..fl{ut (Polynominal Transformation) 



(ii) ~."ijT.'llT. ~ (Determination ofGCPs) 
~4HHOI $m ~ ~ q)8 "B ~f;fi;, m mill cfil ~ ~ OO ~--
(i) aq~ui ~ql..f!{OI $ WfiR ct>T ~ cfi{-,T (Selection of the Appropnate Type of 

Transformation) 
C) ~41..fl{OI TlU ct>T ~ cfi{-,T (Determination ofthe Transformation Parameters) 
~: ~4l..fl{Ol $ WfiR ~2.lhlif ~ ~ fitjc!.ch ~ fc1:ll~a1an '4\ ~ ~ ~ I 
4lM1-1ii:fl-1M ,(c\Qf..fl,(01 (Polynominal Transformation)- ~ 34¥i_ ~ ....... fil ........ 141-~ 

~ql..fl{OI 4lcil-iiA1-ici ~ql..f!{OI ~ ~ >f2111 ~ ~ ~ ~ -q ~41..fl{OI q)8 -q fi~l~ch ~ t 1 ·~ ~ $ ~ql..fl{OI # GH~::f f;t{~lichl (x, y) cnT ~ f.-l{~lichl (i,j) $ m~ ~ ~ ~ 
~41..flfta ~ ~ ~ ~-

~ (Formula)- x=a+bi+cj 
· y=d+ei+fj 

34-0m ~ equation# "¥16 ~ (Parameters) (a tot) f;rfi ~ 7Pl ~ I ~q1..flf°<a ~ 
cnT f4~f{UI ~ $ f;tliw101 ~an (GCP) $ 3TTm{ ~ ~ . ~ ~ I 

tHloMlll ~df'Sla ·~ (Ground Control Points)- ~ ~ 'tHlaci "CR am- 1:fcfi R~-i:ta 
3ict~a ~ ~ I ~ lTitfcn "tt Bt;lllnl ~ ~~ ~ GH~-;l '4\ f;rmft:f fcfi<TT ~ ~ I "fl 
GC Ps ~ 4t;-i:IH ~ ~ ifi ~ ~ Gl-if-q::f ifi 3)(1"{ ch't ~ ~ I qlfacl if l4Hf¾::t $ f.-l48a 
~ ~ GHf¾ii -q ~~-it~ R~-i:la ~ 1R ~ m ~I ~ Fclq{)a ~ fltjc!.-i ifi 
~ ~ ~ ~ 1R ~ ~ ~ ~ I ~ cmuT ~ fct ~ ~ ifi ~:!~q l4Hfi1::t ~an 
~ ~ ~ °tt -1ilct ~llchdl ~ ~ I 

GCPs cnT ~ ~ ~ ~l<fi@4l ifi 3TT't.ffi ~ ~ ~ ~ I dc!.m{ol $ ~ m lTT1TT 
cf)l ~ (Road Crossing), m ~ cf)l wm, -qcfu "illit, "ll"f f;tm ~. cnT ~ ~~lTI-i:I{ 
~ ~ ~f41fa m ~ ~ I ~ ~ GCPs ifi ~ cnT ~ ~ fct fcfiBT ~ # ~ ~ 
~aif cnT ~ ~ ~ ~ ~ R~~lich GCPs ~~~~~I ~ 51fs:h;q1 ~ ~ 
a1fc1chl ~ ~ ~ "Bchffi ~-

Table I A set of 5 ground control points which are used to determine a I st order transfor­
mation. xc and ye are calculated using the transformation, d x and dy are the error. 

GCP- i j X y XC ye ch dy 
l 254 68 958 155 958.552 154.935 0.552 -0.065 
2 149 'l2 936 151 934.576 150.401 -1.424 -0.599 
3 40 132 916 176 917.732 177.087 1.732 1.087 
4 '}f) 269 923 206 921.835 204.966 -1.165 -1.034 
5 193 __ 228 954 189 954.146 189.459 0.146 0.459 
~ lR 3~Um {!:TT cnT ~ ~ ~ ~ 5 GCPs cnT ~ ~ -irqr t 1 ~ 3lNcfi ~ 

~ ~ ~ ~ ~ I -~ ~ ~ ~311 ~ ~ ~ ~ {i\qf..f1<01 'q ~ ~ mcfl '3fTTfi J ~ ~ ~311 * ~ U ~ ~ ~ i I 3~ ~3TT ~ ~ ~ ~ ~ 
e'ill41'3irl . mffi ~ ~ ~ 1 a1fe1cfir 1 it 5 GCPs ~ ~ ~cq ~ Input ~ Output qft 
lTURT <lil 3q~'Pt ~ ~ ~ 1 ~ GCPs cfil f~ ~<hli<ti (i, j) ~ q1r1fi.1:4 ~~~lich (x, y) ~~~~<G~~~I 

~W{l{ fit4-c~~{ ~ ~ (t\qi~{ut cfiT ~ • Least Squire Adjustment' ~ 51~~frl cfi«TT ~ I ~ ~ qH~-;ij q)f ~ fit(t~l-31-i ~ 3q1"ffi ~ I ~ ~ ~ l{Rl cnT ~~!lli<fll ~ "T1'lT ~ 



~ ~ ~ Bcfictl ~I ~ f%-
Xc= 902. 76+0.206 i +0.051 j and 
Y c= 152.579-0.044 i + O. I 99j 

3a.l~{OI ~ ~ ctiW fqcfBct q)f GCP, (i=254 andj = 68) ~"ITT~ {c\ql..fif°<ct ~ Pl~~licfi 

Xe~ Ye ~ Ye cnT ~: 958.552 ~ 154.035 -q TfURT m {c\ql..fif°<ct ~~~~I 
3tcl~le ~f2lli (Residual Error)- GCP ~rm~ {c\q1~f{a (Transformed) Pt~!lliehl 

~ ~ 3MTT 'cfiT 6iq~I~ F (Residual Error) q)'ITTf ~I~~# Residual cnm ~ ti 
Residual cfil ctlfcicfil 9 .1 -q dx and dy ~ ~-41~~ f%<TT lflIT t I ~ {c\ql~{UI ~ ~tactl cf>T 

~ ~ ll~rlctl t1 349~1~ ~ cf>T ffl ~ -afIB ~ 1w) ~ ~ t ~ ~ GCPs 

~31T cfil ~ ~ -q ~ t "lTT ~ ~ ~ ~ ~ # (1llllfl t ~ ~ I 
{t\ql..fi{OI ~ "Bm ~ lTT1ij cf>T ~lcfi(1tj "lTT m BICfctjlj{ # Ptf8a ~~ct, ~ ftrnt ~ ~ 

cn'f ~ t "lfI ~ RMSE (Root Mean Squire Error) ID"{T ffl ~ ~ t I RMSE cf>1 x ~ 
-q mx ctr J1o1;:i1 ~ IDU ~ ~ "ZlfIBT t ~~ch 1w) ~ W ffl ~ ~ t-

1 /7 

mx = -LJx/ 
11 

i=I 

~ Wfil{ y ~ if W ~ cf>T ffl my ch't llOHI ~ ffl ~ ~ ~-

m 17 = .J mx2 + my2 

dGi6~o, - 3e_1~{01 ~ 1w) a1R1cti1 9 .1 # '349~1~ ~ ~ J101r11 ~ ~ t 1 ~ f% 
~ t fct mx, my ~ mp ~: 1.59, 0.752 ~~ 1.381 t·, ~ lTTtR' $ ~ RMSE 
~ ~ ~ ftfchrl ~ ~ ~ cfi"{cTT ~ fcfi {c\ql..fi{Ul fcnB 'qpT "q ~ -s3TT o2TT ~ 
'qJlT ~ ~ I ~ fii{OI ~ =q1f8l{ ~ RMSE m GCPs ~ M ~ 'qpT $ ~ m 3q1m 
mi ~ I ~ cfil{OI ~ fcf> ~ $ 'cfiT ~~ ~ m 3"B 'qpT # GCPs cqm ~ RrnRa 
~~I~~~$$ ~;:i1if 1R 3TT~ ~ # GCPs ~ i!!;:ilq ~ ~ :q1f8Q,1 

Sl41fi'tcti faftI (Practical l\1ethod) - ~ 1R q1act1l cn1' ~-~ $1011~ ~ StRfilll ct;) 
)[1?4lfrlcfi ~ ID"{T Bl-f$illll lflIT ~ I lfRT ~ ~ ~ 1 / 50000 lil4cfi ~ ~ ~-~ q191~i 

~ 3ffi ~ ~ ~-Hlcicll~ Re.~licfi ~ ~ ~-~ 1-lH~~ t I ~ ~~ ~ ~ ~ cfi1.J1_l< 
~ ~ ~ ~ ~ ~ ~ ~ fcf> ~ "UR< ~ ~ t I ~ SfRfilll cn1' ~~I{ ~ Bli~l41 .I 
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