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2.1 fl111J'll1J1Vtl~fl\J5::nau'tl!N1::UUJJU<l15<1ULYl1'11'1ln11<11'1~U.UU~1lltl~il11Jjj~ 'tit>~ 

5::uunii<111auL Ytl'll'l1alll{ (<IL Vf'll1, 255 IJ tuul'l1<1lllfaii::fla1l~ tli v1'lia~nu'lillmn ;j~ • • • 
vr uviviii~1u.mi~!l1~ii~uuib \<in (Geospatial Data) 1flf.I Wt Ylfl 'lut111i~ Lfi f.11'liv~fia 0111'ui 1::v:: 1nii 

(Remote Sensing) 1::uu011rhllUlilPi1u.'llttl~uuWi 1iiniil1Vlil11L~V1l<i111il (Glo~al Navigation Satellite 

System) 11ii::1::uua11<1ULYll'llJill'l1<1lilf (Geographic Information System: GIS) lun11u;'lll11ilil011 

'tlvuii!lu\J1::nau 1 \Jiil1v01n1unuli'allll n11~1i1L~uli'il1lll 011i1i1011'liallll 0111u•111::\.\-!ia11ii tvlil 1,,;'li;i' 
~ \I " " ~ 

llllHViG<l11llULYlf1L~~vfu~ (Geospatial Information) vhi1li.J't.U\J1::nau111111~u.~u11<1::01111i'i;1ilut11tu 

011u~'lll 11ii;1011'l'l 1'lw1 m u.ii::~~ 111lili\' vu 1111il01~ L i'.Ju1:: uuu.ii::ii \J 1:: ii'l'liimw 

WUU<l15<1ULYl!'IJJUl'l1illilf ( GIS) li'.JULl'l~a~ii affi ilum5'iLfl51::\.\,j'iJl;J <IL ;j~~uvi (Spatial 

Data) \1itui!lll<1ii'm11u::~1~1 1inu11J1i111t.Xo•~u1\Ju.uu~iifl11uiiuwuti1~t>u1FJ~nuuii::nu \J1::nau;f1f.I 
" \I " 'Ii 

t'l£1u-n1LlilfJ{ (Computer Hardware), l\J1u.n1u\J5::u1n~ll (Software Application), Ji1mi'!ll;Jll 

(Database), 'lllU1f.1~1Ull'faa~l'ln1 (Organizations), u.ii::~L~f.11'1111\!tu1::1'i'u~1~1 (Professionals) 'li1~1u 

~11Jn u t un11\J 1:: ma em 11 fl51::\.\ u.a:: u.alil~ ~ii.if a1Jnlll11J101ti\J1 ::<1~ flvi i>l!l~ m, 011 t i1:: uuJJ ii a 11<1u1 'l'l l'I 

i1i'1~ u. \JU~lll !N 111ujj ~ 'tl!Nnii\J1:: L Yll'I L \Jun 15<1 ~1:'l'l51lil'l'l1~~llliNii0"1N:: nii J 1:: L 'l'l l'I 1lil vii iiflri1u ~~tu • • 
il9i'l'l1~11uu.a:: 'I'll~ fl111l<I~ mi 1~ti ni a~ 1 YI !lU.<llil~llmvtm1u<1~•h,,a~nil\J1::~'1'll'I \flvt iL Ytf'l 1 u faii11•H 

" " " " 
~ , 

1::uu1111llUL 'l'l l'llJ1lt'11lllil5 

2.2 n1::u1un11a;'1~u.uu~1ao~\{uiha11JuPil1i1FJ1::uuniia11<1uL\'11'1 • 
i'Ja~fl\J1::nau 5 \J1::011ti~u.alil~tum.,,vi 1 1wa::1iiuP1~~dfia 
1. 011li1,1~111a111i~ii'ill;JM111l\l~'!J!l~«uih~1ni;iiii.J-.~L'l'll'lll'l~ (Data capture) 1\Jun11 

-.1u111J ;i 1u. 'lltl~~~\'11~-. 1uu.ii ~fl111l\l~,,!l~lJiii.l -.:: I 'l'l 1'1 a1u 1-. ti'li11~'111tiw16 u.ti::il 11a1f.IL Ytf'I tu ta ti~ 
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l'11111111•1hltii' ~~ii~uotjti\J\lii~utu-.,<11!J '1 001~ L'liu r1111111zliivfl~nlll1H 1111ru~imm1 flllllflll\J 

Ull~umuuon L'liu ~utht111rulli'1m'llunu 

2. m111i'1~uuuli111mf11111~~1JihhtL'Ylll (DEM ~neration) lu1::uUQii111111u1'Y111n11 

IUIM:uihfl1111i;~'!!ll~1Jiithtl'Ylrli'l11J,,11ti1llit.!ll1UU\J\J iu1Jtjnu\l\l'1'll L'liu tR111tuVill;jll 'i5011~11:: 
u1111li'1Lrl11tM "1ill1flqtl1ti'1~1\'tum11Ulfl~c.Jl'I 1\Ju9i'u 

3. 011Ul'lfl~c.ia t u1::uu (Visualization) 1 i'.Ju011u1'li'ol;!llL ~~lli1~t.!u~mtl~t11111c.i11'i11111'u 

uuuli111o~l'l1111l'l~'!lmniit11::1'1'111 untui'lfl~c.ian11ui'lr1~c.i11tu1tluuul'la~ii~ -.,'foi'1111ii;i ~unu011ti11.1u111 • • • 
'iii ni1 uar1~ ~ aua:l'l11111111\!1 N'!I o~f a1;111m ,fl u0111111~ u uu41 a<»111111~~ IJii \J ,= 1 YI" 

4. 011'i11111::Mii1'1111Ju.uu~111a~ (Interpretation) 1\Ju011u1fa1;1a~aan1Hhfill1nn11 
tl1::11111un u1111~hum::u1u011i1m1tM iiR1111 tP1u~Bm1t.!~ll t iu.uuli1111Hil1-.,1J1tll1J 11m11ivu\ '!IUllt 

-i11Jli111'11~rht.!ufl 1'1lu n11'i1fl11::i.111ium~J1 011'iLfl11ti.l~u9\'91~uo11 011i1A1pti.11Jiitl1::1'Yll'I Llluiu 

5. 0111h\t1\J1::~n111inu (Applications) 1\Jum1u1emmll~1nri1uli1~1 1tl1ilu011 

uouM1U11~uuuli1~1\nou~,.,,,~,,n11~~1\luti1ti~€uai'11;\l,,0~011ti1::u\Ji'l11i'lum111Jiill1l'111i tu 

u1~,.f~€1~u1'!!1'l!;l!Ho1fiun11n11ao~ti~1u 1~a11111>1muhiuu1-;rhuuuli111o~l~uaaniliiii~"!"Yi1l-.,1u 

u1~f'lr~o1<ill::tii'a~u1~nan1h11nuuuli1a1M111nn-l11'1d~uuumLmauL~uuuall1n011u1lt1t11::~nfl1i~1u 
A .; , • ' A~ t ~ti !> ~ , I " !l ~ 

111~ L't'ID1\.!Yl11U111~011 Pill 1tn'Ylon1ViUlltu1t.,Yloc.Jll1J10Yl"!111 

-
\1 M 

t.illl,J<1lu1::uullttl1:nou~1uue1;111l1111e~1\JuuuMiiniio '601Jn1~il'u'ii (Spatial Data) 

u.a::ia1Jn1~~"ruan~ru:: (Attribute Data) • • 



3 

1.1.1 iou.m~~ifuif (Spatial data) ii1\J<in1'fru1u 3 ii'n1'1NZ ilia~" (Polnt). Lau 

.r .J • '" ... , • u ,; • ... , " 1 . J • (Line) ua::Ytu\'liuufl (Polygon) l\'IO•'tlUV11Jan"'tu::'ll!l~C1~1111~']Vlu11n!)U\Jw1 !lnl'tl\J 1Hl1\JVIUVl\Jfl1!J 

4\Juuu~fl 1i\'uauu \1;om~J1 uV1ulli'1viuuuu1i\'u ~u~ihhi' '!IOUl'lllllm1\Jnmo~ uV1uft'1aiuuuu'110~ 
v1u~1uufl 1uu9Tu 9"1ov1~u1t111V1ii'a11a1~:u;ftl'nt;Nt~1~1 u11fl~lmuif 2 • • • 

aui\ 2 tl1t111V11i'OIJ!ll;~\{uffiuiin1'ftutfi~ '] 

1.1.2 ilE>11111~~l'lcuant;rut 1 uuio1111vi'l io5u1a\J1:;n1JuliE>11111;~v1uiiif u 11iu1 i'.Ju v • ~ v 

.i1u1u.i1111'11 Pi1E>Sv10 ~e1~vn m1ni'1111111f 11111 \1~euiJm:;~~itJ111w ~~flllli''i11i'.Juilm.im:U~ 
u ·' ., f!IUll ntiN:; u1:; lll\'1\1\J ~ 

2. 1111i'~i'fli!l111lft1111"~'tlo~11ii\J11:1 t1i'I 1 ~Blmu1111ai'1~u uv41ao~11111iiii (Height . " . 
Data) oUlllJM111J~~'ll0~1Jiitl1t1 Vii'! lfi111111nn111!i1111i'~'i11 1111J11ati1 lfillfl1!l'iG 111u;f uE>tj nuri1111 

v • , • • .r .J .1 . ... u " • ' •• 
IJOflD~ 1l:!Jl:L1fl1 fl11'111l1!J Ulll:ll11fl10\Jfll?IJYllJ\'lll11'11111l \110u'ilil!JOIJ') 9111Jr1111JllllHl111 lfl!Jlllu 

.. 4"111 J !'I ..!:"!. v ... ' "' , 11.t ... .. 

Ull116Vllu\J\'lu!JIJll11J11m~1fl\11Fl11Zl'l\J~~·fl 3 10 Pill 

uu "'"< . ) _, .r.,., 2.1.1 n1'1~1fl/11f'll'I u .. u Terrestrial Survey ll11n1111lll1f'IY1 u111u1uum1 

ti 1\1u" iii 1u mi~uu: uih la nlli'1vi6n 11 cl1vri11 ::Ku111 n ~11;f vi11ul'h 1 \Ju~~ ,.;{Ji o~ 011vi11ufi1 R111J~~ lflv 

11111 li!llJl'l11"~~fi1~ 111111 rnti11 fi111m Vlflii" n1 ,;~ i f'lfi1~ 'l 11iu 1111 i'~ 'i11fi1 un ti' E>~, tfl'u 1111 'i ~1 ll Wi u 

ni\' e ~1 lll!IJ ,., 101111i'~111fi1 v I VI fl ii fl 011II11111i'~ifl11' cy l\!1rull111iiu11d11111 ll II ft\'I ~lti.fi 11101111 -r~ 'i" 

111fli{u~u 11::iian1'1Nt1\'.Ju'l"l'l1111~~ (Spot Height) n1tll1!Jl'l1EJUfl'llJ:u;f iif'l111J~nlli'e~111HR1111~~lu 
1::~u iiaiiw1>11 ii~ 111uPi1111111 

2.1.2 m1'i~'illfi1uml'I (Image Survey) 1\Jun111'1f'i1f'l1111~4ilf1um1u1 
·1~-,, . ..: ( ) ,,,, ' . t .r .,., ~ .r LVlll•U au1nu111Ull1l'ltl1U'1~ Orthophoto IJ1>~ JM1R1111~~111H'jfl111~ 'l UTIU\'I '1!41Ylf'l\Jf'IU\J\JU\)l: 

tM'l'i1f'l1111~~tu1::1i'u 1f'l;!w111 ch LIJR1 

2.1.3 m1i'~1'111li'1t11111-ni\1;ou11'tlE>l (Radar or Laser scanner) 1i'.Jun11d11111 

' .... " ' • ,, • ,.. \·' v • • ,, u ., v u 1:: u:: maV11'l!11auL11111'1 ,.,,., llll 'llEJ1 •um 1l'14" cy 1\1 lN u n,:: Yl\J1111 qu11111 ::VI eu n "\Jl.11 u~ lfl11H, Ufll\l 1\11N 



lfl11biPio~o11ioY1<i~~1u~1n51111'111ftmo11gu1Ui1..,~n\wYl11~a11i'1~\{uii'J1Jiitb::1.,,,. lum1ri111mY1i111 

1tUUlllL'llOfii'1liuu1fl~il~uu11::1~uni1 1fl~O~m1flll1Y11::uuLll1'11D{Y11~a1n1r1 (Airborne Laser 

Scanner, ALS) ii1uuuf1111~a11~:1;vni1 1tuvll1u11~11n•~\Ju11:{11m1 (Li<iht Detectin~ and 

Rangin~. LiDAR) lu\l•~uuul1l\hmlii'n1nu1.,,r1ilflm1ii1n•~~i"lii'1uii'tyty1ruf1111Yiu1J GPS lflu~ 
m111anPio~'llil~fi1,tlli'1Jil::1Ja1u~1~ 10 - 20 l'llU;\UJ911 ii1unnii1,1vili'111m11i.ir11111nn9'1J~1J1J~fi1 . . ~ 

1tflUlltilll1U~1~ 10 - 25 UJlll1 
v 

2.1.4 ,,1111::1iivM111ti1v1J1~a1Jilln11~~111mfi1fl1111~~~~ 3 io 11111111111~~ 2 

t1111 ~ ~ 1 1\J~!lU1iiaufl11l.J11: 15 VIP! u11: r11111~ n•i'il~'ll IJ~ n1,i' ~ifl fiTit fi'u~~ 111n'.I II 1VI.,, l'lilfl 

(Nelson et al., 2009) 
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2. 4 UUUQ11\il~fl1111~~11111!l~'llfHIJUU1tL 'r1f'I 
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1 .• - • .. • -.. "' ,¥ - .. • .J ,; ' 1" 
flUu0Plllll1UllU'r11)tU1111141101:1Nt1Jl.!u1l:l.,,t'llVUYIU~1'r1fl!llUlH 'V~Uflnlll1~'11nn1, 'II 

mhv'u~ (Raster) uaMm11i~fiu ~~1i'.lul1'n1:1ru::'lllJ.liil11a~lillLil!J.l (Discrete data) if uihfl111Jll~ • • 
" • " • • .;; .J 4 "' •• .. .. • • • "' .,, fl o I u a~ 111111,a u 1111~"1v111u.,,ufl1111~4 (Contour line) 'U 4 Lii IJ ilU L vu1u\Ia1111 '.Ill VIJ'r1'UilU nu !l ~ 1 vu 

1fu1 1J!h~h~1m11ilu1fuf1111J\j~Wl'.l1J1t~'1tloa'lum1'i1l'l1wi.i1;)~fl'11a'U (Numeric analysis) ..,;!lm1li1 

U1JVQ1111JW1nun tl11Jl'.1111,jii4\ft'ilm1,;'111u1'15m11i1~ ~ ~lll:ll1l.J1,C1Uilfl~n11UU1LU~llU.,,14f'l111J!l~i1 
' I • 

'U!l~1(u-#1;)41>i'11111Jftil uu1J\i111il~1::11l'ull,~lil411i'1111'U (Di~ital Elevation Model '.l'!ll OEM) ~~1ilu 

u uu \i111o~;i ilu\;iil!ll;!111t9i'ufl1111\l4IVItJ~ilU1~1~111 u IJ m11 nil fi~iim,~wu1u uu\i11HM1Jii\l1:1 'r1f'll ;)~ 
fl1Lll'!I (Digital Terrain Model ..,;!) DTM) ~mfl'.llJ1fJO~lllY11t 1tiii'Ufl11l.J\j~l~1ifu U~U~Ui'IJJ~ii~oiiillJ<I 

lin1:1N::~u '1 'llil~1Jii\l,::1.,, t'l ii1111 1~u l'l11uiu (Slope) m1iui'uu114 (Aspect) "''lll'l11l.J~4~11il~1~1 

(Shaded relief) 1i'.Juft'u u1Ji1 DEM cn,;'111u1t'u1\4lli1irn~1tfi'ufl11l.J\l~'Uil4'ifuil1 uli'iaifU41111J11Cl 

• \·"" • •• .... ' • ... • •• • ..: ,¥ .. .,,, ..... ,, u1 v 1'U1 un1n111a~11111Ju u 11ul\IJUil111~flillu!l4'll!l~111u u1 fl11l.J~ Wl ilU 'l 1JUVIU\1ii9411111 '"t1n .. 1u 

1. n1'm21Miill.Jllfl11l.Jll~~1'1194i{uUilu1:1n111ii111111UL'l1ll ' . --..-
1.1 m1ullfl~lin1:1N::if uii1i'111111au11fl~ ll'll-la1n\la1uan1:1Nt 1 mi 111111~ lflvl i~fl 

r11111~~ (Spot Hei<iht) 11i'uoiu1'111l.J~~ (Contour Line) 1m~oU1!Ji'l1l.JL"1~!ll.J\iJ1uh11111il (Trian~ulated 
Irregular Network) u11::i;1111~n5IPI (Grid) ~~u11i;i~tu~\J;i 3 



s 

1.3 Contours \.l;ll 1ii't1i\Jl'l111JiH 'lhzm1ultl;bv11a~li11J ilia contour line \.l~il 
v 

1!11J 111~ti'1111VJn'1111u1J1a1J\lzil l'i11tii'u~~1 \'11n1J 11t1t contour interval 1 i'.J1J1b~li1~1'i11tilu~~ lt1m1111191~ 

1i11J contour line 

1.4 TINs (Triangulated Irregular Network) fio 11uuli1111J~r11111~~~1nui111;111t1J 

1; tl11 UUI imfo (vector) lfl !J\ltln ulli111 'llU~,, ll~ ljPli( iJ f'i 1wfi'u~ ~ ij' 119i lit ljPl\ltil 111'1J1 ~Ill! n\J I \I \JlU 
J .... I., ... U 

tl11J I 'II ilUIJ'll UJ1J!l\J'llUn\J 

1.5 Grids fill 11uu4111o~~tl1tnvu"1u111111~n~t1Ylii'lnnfliui11auo lflt1ill1J11fi11z 

,;o ~\'It 1nu1h ft1111~~;, 1 i'.Jtl'li'J11 V1u,,~ n;,. H 

2.5 n11tl, t W\J fl 1111CJ nio~ 1 'i~ oi111'11ti~V11~11\J 

• • " ../\"' ti ' '\ ' • ../ ni1n 1'11\JllllJ11111!1\J'lllll;j IU).utl11ll\JI 'llf'i'll 'ti •IJ 1tl '111'1 'llllll~ \J'lllJIJ'll 1!J\.lU1'11 'llil~ 

f'INzm111011-0ii1111 ll\J I 'lll'lll .,;~tl1t1 vif'll viu ~1h1J111liiin11;ln1'.l1~\J11uu'lllNlli1~tl1t1 Vll'll ~ll n11\Ji'u l;; 

1111111J11J.if 111;1<1'11<11m~ll~1 i;l CJ n VI v o ut11 t n 1f'Ioan1111i'.J1Jli 1!K u iK ~if \J li11i'.J1JY! ~YI 1~ u1;; o~ ,,., 91a~Ii11191111 
m 1tl1 = ml'I\ 'li'1111111~11Jl'i1~ 1'il~ f'INt 01111 n11~fl!K~ mi 111~atiXn11iii11il1Jn1111ii111'll; o t 'li'i o~ tllJii 
a 11a \JI VIPI il ~ 1 \Jin ru'll il \JI i'.J \JYl !J ll IJi' u lhlol i'u11 \1')'111 ~ n119111\lllilUU1 tUi \Jfl') 111 CJ ni ll ~I;~.; 111 \.lU~ \'1~ 
, 1u,,1J ~ill ~<1111Y111 <1tu.u1JY!Y:lfi \'11nn11li 111\l1 t flt ln<i fill ilfl \l\Jm i 1Yifluu11111Jl1\J~ Pll \11J1~ll~ii1 ii ty ii n 

I! on1ii ~II \11\Ji)uii a\J I O\J« flillJi' 'lJ ti n\JIJU 1~ffl1~,,11~lt1fi1~\)';:a '11Plll11111 ntl1 = q nPl1 i1 ~ ll ni1 

1 ;iuuliiu~111ivn11li1~~li1'lli'utl1z1V1r1l 'll!J ll1\wn1J l11~111l1J11<1t"Hlinm1n11tl1tUi1Jft.ld' 
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I. 011'1\lft'ijft91111lll!JU 

• ,, .r .. ~ ... l"d . .• • 
'ij"'111 lli'l!l\Jlll !Nmt'il 1EJVl1\'i\I Vl/11\'i\.1101411\IVI l\ll!J \.UJ$t!Jt1'11~ u1tlJ11U7!l!J(lt 20 '11!)4 

m11Ju111liuvit11!J4!lJJYiu 11~ij\ll'll!J~~"~ \i1u1u'ij"Pl11<iat1uffi -ttri'!l4llth41fou 20 'I" ci ~o 1 M'l11lJ1$n t .u 
v6U1EJoU!JIJ(I lt11'1111J1'1"1!J~li1h 19l~w I w 1'11nit14n17\ht1UU~1t~Ufl111JI ~ilil'\I 95 11.lt1fl~UR~Llllfl4 • 
11 aaJJ l M'1h\; nfl,, o~ 'ijflfl 11ll!luYi1'111i'11n111\'i Yl;r il~ n17R'1'illliluii11111Jiiftw111" \11\UiL iiu I 'I" '11n011 

lllYiffllilU 20 ~fl) 

2. m1\J1tUium11J\lnim 

1'1111J1Jn'11N1;i4~1Ll\.IU4'11!l4io1;111i!111<i1t!Jtlnainm1nt1au1vt>\'1vri1~11111\ll1ft~!l\l\tl 
. ... - .;_,, • • • .. \ .. '·' • • d • ,., i110ft1'1'1LI'l'l'il14 n11Vlnn1:11Ut \'1149111.1\.IU~'!l04'!101Jll~111'i11tEJt nMfl1911fl!l llU I u 'i11 nfl1'i11~0il111 vu 

ft111JUl!Yill11'11'11~11'!11,,Nlll'!IO~-ttw.fl ~4il1'iljj~111J1111n011Hi'1J1~4;Jt11;1a.Jl4111n1tuui!111111.1a=1=uun11 

tl1=1J1<11111111w 011tJ1=Uiu11111J1Jnia~1:U~li11.11'!U4'!11l~Vill;flllilunui'li''Nl'l11llL~ilil'ulu011u1io1;1a\tJ 

l i 011;l'iftfl11JJ 9nio~ ll0 U1UWJ !JH1 fl11JJfl<l1flll'lgilU~\.1191 n'i6011 Yl'M al\ ft 

fi1;ij'11111111J11nia41;!~1i111\.IU4'!104iie1;1ail1111l1=!J=lnfl\fiun 

ri11o~!JF111JJflfl1fllflgOurl1ii'~llil~ (Mean Square Error; MSE) 

RMSE) 

ft111Jfl<l111111~il\IUU114101J (Circular Error, CE) 

3. ll111ii!J\JIJ19l'l,l11U 

i OIJ M 1Yi \.I 'i OoU lllj 11 U~ U~ m ;( 1)1 n n11ii111'i11 =u t \n 11ljjllt.i1U n 11tJf\JIUlfl111J U fl\'i n 1 \ll 

m~11'!11F1ru111unt ri 1"'u"\; nfl\'114 uimm M' nu111Yi11i\'1ll1u11naf1411111Jil'u 111 l M'nuU'Yi<it u1 \ tJ'l i41ulil 
• 

A'1un111Vivufl111JIJnl>i'e4nu1J11111!1u NSSDA (National Standard for Spatial Data Accuracy) \.l~il 

1J HI> j 1 U,, !H ASPRS (American Society or Phot~rammetry and Remote Sensing Accuracy 

)l ,_,,!'.,u ..1... • J. t o.J 
Standard fl!JIJ1'11,!l1U NSSDA urouOU1J1fl11<nU'IJIN1lOIJll~Ullfl1\.IUlll1fl!J flNZ01,IJn11\il'l'l1tnvVl 

Llft4~4191!J FGDC '!lil41'11'1i'J!ilW~fl11iialiLthJJJ19111,!1t1lun11111J~1Uft111llJni~'!llNoUillJlll~~umu1tJ 
,j'ilJJ<lfl ~lllilll Yim 1 \;rJJ ,;j 4;; illJ<I il 111iifl11JJLL91nfi14 tiu'tl o~ L l'I ~ o~iiil ii 11111Llllti'l11J ,, Cl n n Lill fl~ ll 11Yi'!Ju191 " . . 
mn<11'i 1~ n'IH>iln 1 tJ 1JJ11111~9i'11 \.lililt1L1llt1viVl1Jli ~il1J19!1.-i1uti1nuiltj 1J1m J!1U0 ~ n llllOLI uu1J11~!l1 ii 
91,1vi'lilUllil~11U41\lri11'1111J 1J n;] il~,j' ill;J 111 :U~ :u ~Yill1 IJ11 mh \ tJ I lfl EJ\JI Vl !JU rl uf'i1~ U llJJi' U 1 ft linl.J LI R 011 

1.)1 ttJ n ii,, il 4 li'l in ri11 All m oUll1ll1, m Viuulfl 111'1 fl11JJ Cl ni !)~ lil11Jif il ri1\.IU fl~ll 1 fl thu Ul ii ii IJll !Jil JJi'u ' ,, ,, ,, ,, ,, 
ti 1JJ17!,J!1\J NSSDA ii n11fi1t11ruii8~~11i nn1,"11~1'1iiti Ui'lfl~l U \lft1ft111Jflll1flLflH° ll\J111il,J!1\J 

(Standard Error) fl11J1::fi'ufl111J 1;i mf u"Mif ~ i ii"Mu'1u1uu1t!Jt11111i utiu JJ1fl1,!l1tl ASPRS 

I \l U1J1111,!"1U~ ri 1'MU 1111 ~ il tin um1tJ,z1ii Ullll\J;j ,1!J~ 1\1 i'1111JIJ n;I ii~ '!I il ~,j' OIJ 111\l1Jfi1ft111JIJ n;le~ 
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mrn(uflu (Ground Scale Accuracy) ti;mli1h RMSE Lilu1hu11i;i~ ~i;ili1n11~~~i;i;luvl.Jhi'Lnfllfl'L~ll\h 
i!lJ;!flLi~~u;IJu \ i.hi1L \'Juur.1u;l;l11u1fll.J1111nri1u"1d~ 1 nih1fiv L~!l hi'1111111mi.Muu1 Viuu lfl11i!lJ;!fl;I 

ti ' t: v ~ .J.J v • l ,.; .. v (Th 
1::wuuu!l!lflllllll~nuur.iu'll'll1::flul.J11'111111U flluUl.J11'11!1\rn,.111u1l.J1\11mnl'l1!1u NMAS e 

National Map Accuracy Standard) auLtluu1911J!1U~'iri'uu11U~'ii11n111u9i1ii11 1ilu\h::lu'!lufio011 

11f1~P111l.Jifuhlum1tl1i'o11111;J~vfuffiu~"li11iluur.1u;l,.,~eu1111ue1ilum,.n11n;lm<U111lJ1111th::Ulu • • 
m111~nli'o~'tlo~l'i1~ri1u'l1nliol;!11ii'lMflubi9i'v~ti'm101~e~nu91111~1111111~1utA~",V(1~u11i'v~riun11 
\J1::UluP11111~niln~1ti~ fi1u"11i~u1.m1u111111Mann11fi1~ 1 i;l~mh1 ii~~o 

• .J .. • ... 
1. 111LQIWl'l111Jllll191Lflll!JUn1fl~flll~ 

m~L\IUll (X) 

Y11~91::iuovn (Y) 

MSE, =; Lf=1 ( Ox,i ) 2 

MSEy =; 1:f=1 ( Oy,i )
2 

m~L\IUtl (X) RMSE, = (MSEJ'n 

'111~111::1uoan (Y) RMSEy = (MSE/n 

1'111l.Jfl111f1Lfl~€1Ut11vn11 RMSEx,y = (RMSE.2 + RMSE/JV2 

Oy,i ih11hr.1afi1~'iiri111m~unu y ~m~~fl;I 

n ;iali1u1u~1119111q11nu 

.. 
3. 1'1111Jl'lll1fllllllllUUU1'H1€1\JPl11JIJ1Fl1!1U NSSDA 

mcii~ 1 1111lJ11111flLl'I~ au.,,1~ x 1u1:: Y tnll'1tliv~nu m::1nv1uutft'~l.lnii 

(RMSE..., I RMSEmax iirhntj1::"1i1~ 0.6 - LO) 

CE9s = I. 7308(RMSEx.yl 

CE90 = I.SI 75(RMSE,._y) 
-1 ... d.., <5:< '111tllUR11l.JL'!JDIJU 90 1tfmL'llU9I 

n11ii;l 2 tmllllll191111~€JUM'N x Ullt Y'U.ilmi1ii!NrlU ftllLuhJtuYi11M1~1flYirl'111~ 
MU~ (RMSEm.n I RMSE,,,.,. iifi1u!lvni1 0.6) 

CE .. = l.0730(RMSE, + RMSEy) ;1,::fl\Jfl111JL~llJJU 90 Ltlai1;\ulli 

4. 0111 iluUIJ1fl11ri'lUL .;;!JV~IJ1fl,J!1U ASP RA (L Viuu1iiu~ri'ui'an1\1Uflll1fl1J1U .. UUUll Class 1 USGS) 

S = ROUND (3937 x RMSE,._y) 



uio S fio Scale Denominator 

.... ' " .J 1 " ... .K .,,1..1 ... RMSE.,y f'IOfl1fl111Jflll111lLl'lllO\JI0111J AIJ111J'lf!l~'ll01Jill'lf~l'l\JVl\'llll!l~n11 

1;ivu (UJ111) 

ROUND fiaii~nium1\l1111'1\;9!11J~1u1u"111i'nilio~n11 C1iu ri1"11u11hiil11 

Lfl'!l'llii' n\1 u1vu11t '1tin iiu a an 1~ot~u11111~1J11111ri1ua~9"1i1'1li n1 o u L i'.Ju iu 1 \l) 
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Pi1atl1~1'1iu 1111n1111n'i!il!lU 1fi'ri11'1111Jflll1fllfl~ au lfltJ'11JL ~hriu 22.89 11JPl1 l111v 

il11w11111m~ X u11t Y 1\'i1riu 21.08 Ullt 8.9311J111 1111Jii111i'u ui'al-l1011nri1ufl111Jii11w11111..l~ 

ll!l~Yir1V1~ lflum1ii1uau1\Juft'1ii~lt\'1~hriu 0.42 ~~uovni1 0.6 ~~iiai1r1111Ju11w111111..r~ao~Yi11V11~lli 
tni\'1;iu~rl'u (hiitiutPi'~\ln;\) lli~Ju 1'11 CE (95%) llt'llT\l1n 1.22385 x (21.08+8.93) ii'u/liari11'1111J 

fl1111111fliill\JIQ~tJi;mnnfl1,U1\J NSSOA 1JtJ~i01Jllfl11'1il'Ll'i1riu 36.73 11Jl'l1 ii1tfl\Jfl11111~tl,r\J 95% 
4'J ... .J .J l"'<lill o .,JI uam11n1Jl1Jtll\'IU\J1J1111J1\JUIJ\JVI Class I USGS 11111J1111n11VI 8 'ilt 1'1111\'llJ\J\\'11UIJ\J\'11J11'111111\J 

1:90,100 1\'.Ju9'u 

" t ~ .J ~ " ..., .. .r " "' "' .J " u" "' ~" fl111J~OIJl!N \JU \J11Hn1'111U11!llJllVI I \11'11fl111J~~'lf!l~l'l\JVllV\J n~n1fU\!Ulltl \JL 1!l~Vlfl!l~ 

ii ni1\l1twu1~tl1~1nflfl111Jii'ut11 t uie1111'lf1Nll'li ~1u~\l1t11n.lia1J11li mm1td' a1Vi1'1iu ~1uli'1u1111V11 v v ~ ~ , 

11111111 n11i1in11J1\'i11Jl1Jif uff u11f'liV1v1if u«~11J1nuria11f1~l111~11i'1Hf1JJ1\J ttl\JR\J lu 

ll\1 f ,Ull UJ; m,J 01J lllJ U 111111 \J IVI II m \1ri1111111 ~ ~11 ll~ ~ ulf 11tfi'IN1fif\Jn11111111110\Jf\J1 !l ~ fl111J ~ n fl a~ 

11'111tOOi111'.Ju ia1;111~ujll~OU1l\floUll11J11mi~u 11,j ll ;!~11 Ull t VI f l'I Uil\J 'll !l~ 111U11 CU'lf \J l t\' 1J11111 n1 rniJ ~ii 
1,J~;ia 011'1111l11ouu11ti'u1a~1J1'11J1U t111vii~1J1P11J11J National Map Accuracy Standards (NMAS) 

Ullt National Standard for Spatial Data Accuracy (NSSOA) 1ncu'll1\Avu1;;u11fi~111n~~ I 111111.fl\J 

NSSOA 01\1\JllLlll'l1111~n·l'!l~m~~~va~ialJll!lGU11Jfi1uri1 RMSE 'UD~iDIJll i~Ui1~a1Jri'Ull1111J1\J 
NMAS miri1;J11~1ri'lliltunu1J11'1111h1JUllt1i\'uf1Jfl111J~~l1JIUJ1Ji! mh~h~P111J NSSDA Ull~ NMAS jj 

P11111~11~u5nufl'~ii' 

NMAS Cl = 3.2898 (RMSCz) 

NMAS Cl = Accuracy(/) I 0.5958 

uiEJAccuracya:i = 1.9600 (RMSEz) (n11mt~1!l'lf~l'i1111111t'l1111111Rit!lui!l~1\Jutr\'~\lniil) 

01 n11n1t111 v IY1'llINf'i1fl111J fl II 1fll fl~ o \J 1li 1~u1t'i~\ln9i ASP RS u. unh Wm Ac cu racyczi 

~ 1t10{1;h,P11V1ai! 95 R11u1u'!lo~tr\'~"l"ottu1Jllfl1111r1111A1ri~ouiiv11w1v1nri1 skewness iu~Ui~i\u :1: 5 
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-
NMAS (QUIVdlenl NSSDA 

Required dccuracy lor 
NSSDARMSL, referPnce data for 

contour interval Accuracy., 
"tested to meet" 

(fl.) (cm.) Ill I (cm.) (ft) 

OS 02 46 0.3 9.1 0.10 . 

10 03 9.3 0.6 18.2 0.20 
10 0.6 18 s 11 363 0.40 
4.0 1.2 37.0 1 4 77.6 0.79 
s.o 1.5 46.3 3.0 90.8 0.99 . 
10.0 3.0 91.7 6.0 181.6 198 . 

Source: M(l(l<ll f/""'112004). A5PRS Udnt (M11»rr<'<' ll"ADI 
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J ivi 11Jvi 1iifl111nJ1,.,111n1\luu1\1,.,, \ ,.,l\iil ii1J1i1u1u u.11:: 1\luu1\11'11-il riti l \\'iii flfl111J 

1iiU\.11u1 \Ju14ni14 1uo~91n 11Yi 11111t1jj owfo J 1vi11J L \Jui ~o4Yivh UJ fi o u II t ti' u 9im "''! n 11aSu.11::1 \Ju n1, 

1aouu.\ruifum,.,qj') liiLUJutl11iJ04111nv4~1Mm1\!1cu1m1ifl1111ioi,i11J1vi11J!i4Ulfl1u01::u1u1111~ 
m111::1\Ju ~41111tl1::qnfliti111\'lri1v.,,'Ho1mfl,.,'1a111Y1ri1vfl111\iv1Jmtl1tU'iui~J1mllYi1flv1iifl~U4 
lii111ouflq1Ju.a:: u4 lii11::1iiu111\'la 

u11~uu1V1fl1ulalin11'411111ii1u111l'lch11.,,14a1n111liiwP11u11J1ln11u.a::iJ4jjiuviuil!Jnn'i1 

q11riaua&N1J1n lflvL.,,fll utaii~1Juniivn11ri1u111tt111no111111muH11uiiu iii Y.111ulaiiif 111111m5n 

~II:: ri1 u111ttu. \11~ ~ u.11::u1111\'lri 1u ffill1J 1'i1fl n::..il11uftKY1 o i ~ 11 ::a5u1u l u l fl,~ m 11ii1Jd' ~ 41.,,fl l u fa ii d'ii 

'tio~iio 1,1111m1a1::~ l l101111P1u1u l i'11u iuvu t u1\'ltinuvu-il'UJ~4mn ~~9i1~<i1nm1ti1l'l~ll~\lu~Pi'a~ii 
L tt1111uvuiu~1 u.fio1n111v1u l i'fluiu 111111m1nri1llu1111 tt111uiiu~1 ') lfl' ~4 u11ffiiifia1111"1ri1uffiii11::ii 

11111J11::1iiuflil~ u ft::iirrrn.mn ii 04 ~mn ni11m::1\Ju\l11auu11111J1"111111aS~111f\'o~1111 ~~i1tt 1 iii ~ui11,1 
" \I 1 • 

1111J11au11Y1fltullliiif1J1tl,::qn~1iriu~1u.,,1~qV1n'iV1u1u.11::u·11t1~P11u1fiauoflriu1111ii119i1~,,ll~n,1J 
'!lft\h::'111U 1Pi'~o 1 ti 

i111q\Jr.:1Hft 

1. 1 'ii a'l Lfl ,, ::..i u.11::t11::1J111 uai{u~J im 1J t" u t 1'111\'l chv 111na1111flmu l 1°flui1n 'if a 

., . . "' ; . ... . . ... . '. . . , . 2. I Tl illllll'l1ummu1\'11 IJ~1 u 1::1J1i1Uft 111n111T1Cl 1EJ.,, L llll 1n ll 1111fl!J1U L, flU'!IU L fllJ ',, 

... • • ,... • ti ,, • 4 

3. IYIOU1U<t<t\'16\'IL\lllJ1 1::1.jnflL'!l~1U.,,1~Q\'1"1.,,U1 

1\l1l11111J 

~ '1'ti1U.UU~111\'I ri 1!J ~ U ~J1vi11Jlf 1 '111nu;L1 Ill L \'lflU1<t fi1u 11911111 ~EJ1 S111101'1fl11 cl n 

~4Wl\llLvt'!l'l'\!'l'N~141::11i14L~llUUJ'l:l1UU04L~!lU\l!i'l1111J vt .1'1.2564 

ll • -11uflaun111muun11 

1. 114uuu1111n1V1Ufl114~fl GCP (Ground Control Point) ..,;an1111i'14~flfl1Ufl1J 
.r - ' \J -il "'ll 1 J o,, - • • • • ... • 1111'1vtUt11U LtilU n\11 !JIJll1111n~til.,, 1111!JLUU.UUVllJIJu1::L.,,l'I \1Wn11111Ul'nvtnfl'!l!l~'!flll1nLllitl~111\IUl11 

iil1ullii4uu1i'ln (GPS) llflLU~if'il~ti111uti1'll1I GCP lflvlinifo~ihn'il~iifl Total Station 1-1illtillmN~U 
ilryqpUfl111 ~lJll'!liifl RTK 1\Juli'1ri'l\1Ufl'lfliirifl lflviiiu mi~n11n1l1Ufl~lll GCP Jufl111l::ri1llUll tu~ 1 

1Jll~1~lfiffl1'ilu'il1nuu!l1111fl Uiiili4i'ifl'!111~1u~ u.11::UJ1111ti111u1119'1u1-1\J4lni1numf111~~ l'11i11~lu 
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• • ./ d , Vv ~ • .¥ ,-k • , , .. v , v T t v X .;.;.. I 
'1111'11U~'lllJ!Ml'll\Ml'lf Pl D1'11111U flZYi1U YIU'll 1l\hlJIJOlU LIJ Lliltlf'l1~11~ 'llfl11l\Jfll)IJYiU'll'lllJfl111J~~ Ol1 

fi1~nutuu.9iiiz'illil 1i'.Juiiiu 
• 

2.~lll'll1fltln1altl<izu11J1r1i'~~ GCP .r~if 

2.1 ilu.11~ 1 m=\Jo~ (uhi11\'.lulio~\Ju~u11-ufl~ 1\'.luil~u~ti'vir11m1111Jo~1milli' 

tut\ 4 1\h GCP 'lJU1PI 1 x 1 UIM 

3.li1m1n1'11\Jfl'lfl GCP llJ,{um,.1~n11fl111u.lllJfu~l1lut'o 1 lt1uH~li1111111il11 

Total Station 'll~oiit1mali\Ji1'cycy1ufl111~t11J11il111 RTK 1i1omthrlnlil'Ull~'l" GCP 1flV'llU,fl GCP ifv~ 

1 i'.Ju 'lllj "1;!iill'm:truzii'ufl~ 11 ~ u H 01'il 'ilz'li11J 11110 il' ooirt n~ Yf i' DIJ ~m1Yi11'1111Iin~D1o1 U,Ol 

4.lt1\hbil11il11fl~111111~flll1J'illl GCP ;l~11'1i1;iu . . 
s.ti1'11ufllui!n11uuchw11n1111Jli Application PIX4D 1~oti11o1u1111ou11111u;nrutl<iz 

ri1w11Yi lflun11o1ulillYffl1\JU1Jvi,.111Ji1~'i11n,{u 90 11J1111 1o1-;01111JP1111Jl'lllJ1=111J'llD~11ili11z,fu;! nih1iioii1 • 
\i uvi L Yifl1uiitJ1N;i'\J~ = ri 1 u mYi lfi' ,., oul'lalJ if tJm il1J1 n;itJ 119ivz 1;; fl111J11~iiiu11'11 ll ~ ml'il\lil ii~ • • 

6.1~1J\itJri1umYi1111t1v1ml'lt11u t i'riuiv ~~,TuflvtJif vz1 i'.Jum1 l i101mt'lt11tJ \ i'f'luivuu 

uuvc5'1111 uiiii lflaviut ,;'Wfi'o~fl1\Jf'llJ ~~a1ml'lu1tJhflu-U'v'il=)h~1ulil11Jhf111m1Jvi1 nli1tuitJ11ouvf 5 

U\J\Jllll1tJUii 
• • 

7.u1mYiviri1t1Hi'111nv1mP1EJ1uHfltJiu1J1'i1fmz1o1'1111EJttlt1111n11J Agisoft Metashape 

8.'ilf'l11t~ Ol11\ll10\J Ull=i1~UUl\ 
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. ~ . -
4. ll1l'IQ1tl,,Ulllll\l01111111U\H1U 

1.il111\111~"1l.!~ Ground Control Point (GCP) 
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Professional 

2.1 LiJflhhu.m11 Agisoft Metashape Professional 

II 
2.2 ltl~U.ll\JW\J Lii<in Tools u.ff"niian Preferences ... • 

2.3 'llU1Preferences1iit>n Tab GPU 1'11iian GPU Devices 1i4al\\"mfa1Ja1i1v 

11Jm~t15z111nll11 ~,mr\Jnfl OK 

- -
_""'_,.. __ .____ -

----·---- -·--------------
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2.4 h1-i11arnu11. 1avmu11. WorkFlow 1avn Add Photos <1~1JnYia::111Y1) 

.,,~!l Add Folder ciavn~~l1~1J) 11i1vli.Hh1nuhh\mY1mfl'11nti1n1fltnuHflufu 

~ .. ·-------
a • •-- ..... ... 
-··-

--
1 .. ~ ~ 1 .. d .J • '. t 1 IJVl\JLa!ln Add Folder fl!J l'l'l!ll<itlnll1'1'lVI01!Jl1Vl~\UJl'I IJ Folder 

.... --
··-.. ·-· ··-· ·-· : "":: . -· . -· ..... ·-· ··-· . . ·- -· ·- -· . . . .. 

·-· -:::::: --.-.. 
~~~~ 
~~: ==--..... -­· -··­·~-· -:::: :. 

111mT1Jfl~n'll1111li11~1ln Estimate Image Quality 1iivn All camera 11li1M1 OK .ff1J\illl1Jif~11~til\\' 
1i..h11m1lfifl1iiv n fl1l'l~il ~ rum'l'l;i1111l'l 11uil 11'1'l111111( Error) l u m~i.J ~:; 1J111 ~a 

2.6 li.J~11au11l'd 1~!ln View 11i\'11iivn Photos •1mfm1::i.J11n!)"1tl'19i1~11alil~n1wci1v 
~u1nlu~1li..h11mu 

... -~ .... ' . -· .... _ .. _ 
;;:-,. ll -- • 

11-. '--
• <-•• -

~~:·- J ····-· • . ·-::z-..... -.. ,,._ ... 
·-~ . ....... ~ ...... ~ -. 

.. ' - -.-

• 1111!1•ii111l:f!llf!I~!:Il!fl118'1 .. 
llllllllJ!l••111 ••••••1J1~ 
•••Ulllll•llllBBmlll8 ..... ~.a•.c•- . .;;."' 
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vlmi1ti-w Photos ~th1n~u1J1fl~n Icon I:.• -j iul11ii1Jn Details uihlY.~~il~ Quality 111m~ilu 
mmnvfo~, Quality u1Jun11 o.soo u11zlll'11umnvl0~1u1J!ln11vllnhl 

D• 
~ - - -- - - -·- --- --· -- - -- --. .. u . - --· .. ., ·-- • .. -·- -- • ., .. - .. --· .. - --. - ., - ·-·- --· . .. - --· .. u ·~ • 

-~ 
_ .. _. 

·- .. . 

2.7 lt1vfuouun~1iian Workflow 1>1nJu1iivnfi1i~ Ali~n Photos llilaiulillltJil' 

'I:: 1 t1ui1Jt11Jun1 ~u1mn IJ1 { 111 ~El~ ua11ii1J n lll1'1fl'!lll ~ m nvf 1 \liiil utiu1J1i11'W1 \Ju Point Cloud 
' 

.. ~ -- ----- ...,_ . •• • ·-- " • , --- -1 ~ ... ~ - -1, _ ._ --- , __ --·- ~ .. .... , __ 
--- --- - ' - --- I -.., __ ... -- f·-- -

--~ 
__ .., 
--

Ut'IU General 

Accuracy ~llzm1uiiun 5 uuu u1111~ii~,,111Jnnlilil~'!l!N~1u 
• 

- Highest 1>::ii,,111J~n111!l~'!l!N~fl'tllllJil~~~lil ~11\ll'!lmn Process u1u1J1n 
4 ' l .. - lowest 'IZIJfl111J~nlll~Pl1~fl '!111111U!>Vl1~11 

~~m1ii1Jn Highest u111'llJ1111J11Ct align photos l11~11il~mum1111J11::1iiu11l\1~1m11~1J 

!l11lLtlu medium l-1'1!1 low 

Generic Preselection ~tfli1u1ru;i'uvftiu'!l!lUOU'!lil~111nvf 1'1111Ja::1liv11J1vf11111vfa11J11Ct 
• 

u1111Y11J1!1111ii1Jn~11 l11 l11u 'llJ11 a~iiA1li Ofl'!lll~mn 

Reference Preselection 1>::Pi1u1ruuuuOl'l11n~e~~~J, l1i1E1mnifuP11J~iifi1 faiJJ x,y,z 

'l::ti11\Iii11J11t'l~fll~O<l111'1'1 Uil Z ft1U1CULfll;1 ~U 'ifta .ff u '11lU m l\'Ui il n~~ ~ 
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u.mJ Advance 

Key point limit l11iim1tli'uu.n ;lolu111.f~\ll\J iiha11-1i'u11111~111L;u~ium'l'l11ti11~111~ 

1mio1Jn\J11rUJ111~111lil 111w11'UJ11m~i»mYtlf1 no11111tiim1Lii11fi'1La,,l'll111n~\J u.\lln11tlu11a1hin1, 

ft1'U1N1110~\Jfl11Jlt1111u 
. • .¥ ~ J .¥ 1 ~ J .. 1" d J.1 ~ 

Tie point limit 111'UU.lll!l~Mfl1'11\J~'!f11 'Ull1'1'11J~\ll'llL1"11Jil'U11'U U.fl1Lflil0~fl'll,,1n\JU1 

L~!J\JL~!J~Ltl\J UMlil 

Adaptive camera model fitting Uion11iin1JnhL~amu1u.n1111111111C1tli'u~11J11J111n 

'UlltJ,, IN 'i"" i111111lJL l'l 1J1ta11 lfl ultJ iiill n lflua 1n nfl OK OlltL ~ufi11J1N 

'llii'~111n~ Align Photo Lil;llLL!\1 nflll~111L~fl11fl1'1'1~L11 align J'U~'1L7!Nfl1Yllfl111\J'lj0 

1'11'1'111-111 l\llu~~ Work space nflLfl~a~i.1111u 0 ~ chunk 111nlli1au1~L111ltLi:lul\1111111Y1~\llL;u~11az 
a11111111!1u1rufll\J'ljOfl1'l'I (276/276 aligned) 

-
~·n~!-..:~ 

o..MIU/t~~1'.)Jl~JQ 

C...-.-(Zi"!>'?" ....... 

:: r .. ~(r\.)>)"'"'"' 

a11111111!11J1rul\llL11fltNn'1LHilnfl1Yntuu.il1fl~n,,11 Lillln align selected cameras Yi.J1ltlt~au1 

ll\J 011 llt \.11!Jfl, \J 'I! 01'11'1'1 14\IIa1Yi1 U.111W'll1tJU.iltil~11tnYtif \J lu ii 1111," fi1u1 N lfi' 

111vtvtlf11-1a~111m11~11~1Ji1Jfla1J Align Photos 11tlfi'ft'~11J~ a fi1uli1~d mvtffil'i~ll~" 

Toe Points vtlti111nm1fi11J1cu 111nif1Jli.i'Wiinll'ln 1111ult1tlu.C1Uw1Ju.n1Lnon File Lilim Save As • 



1iionu.11u Reference vi1j1Jl'i1~i1v >11nJul~A~mftanvlli1i~ Convert 

1~uulinl'l~nn WGS84 1\Ju UTM 
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• J 
1j;m\Jiw\J 

2.9 iuf!Duni1ll'i~fl Ground Control Points: GCP l11v1ilu,fufltl\Jl~Ufl11JJ 
anPl~1~1i1u.\ni41104w1flll fav\iliiu.mJUJ\J~1\J"Uli1~i1u Lftun Reference . . , 

• • 

...... -. ........... 

, •• 
- .. - -- --- -

- ·- ·-- ·- ·-
---- --

g --------

.._. ---- --
• -· --or-

.. . . - ·~·-._ __ .. 1 - ~ ... 1 

L ~ =- == 

--= 

~~---

" . .,,U1Vl1~ Import CSV 

coordinate System t~Lilonlinfll~m~nu GCP Yl111~1.i1nn11a11Til 
• Delimiter l~1iivn Comma .,,1il1'111Jn11~4fhlvln csv 110~111 
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• Columns 911~'1ill~ Eastin~ n\J Northing t11i~ri11~L;INR1~nun\Jnn1Ml!l~ 
111wci1v ;~ii1llU1~111'1'1t!Wlf1!J Easting nu Northin~ '1::1111'\Jnu L't'i~1::a::ifuh\'llf~ri111n11iK'1!lu1~1ti'LlllJ 

111mf1Jnfl OK LL!l::L~en Yes To All 

•• • • • 

~ .. .. .. ~, ... : .J 4 •• 

>1::\lnnniu6~,,u1J1~Mu1 Workspace LU1::M1J1 Model 111nuu1Mfllln1!'11tiltlGrn111vLa,, 1 La!lnR1a~ 

Filter Photos by Markers 11::\l111l!JlU6~il'uiimwci1vfl'~LLl1fNlulU 

, ,. . 
• • . ' • • 

---, __ 

C-..• --- ·- ---- F . ------------ f 

-- -.... 
~------' 

mmma•m11a21•111ii1•a - .~ -
lilG• m 111111 m111•11iii111u:1111 . .... 

ti\' Double Click Y13uvlii6~~UEtj '1tLi'.lum~Ltlfl111YiriWY1il'l" GCP o~'\u111't'i~UIJ1 
;i1nifuli\'li1m1011JMM1J1urn,, t 1flvn11 Click i1u~a~i11~HLU\1innlum-i111 GCP (111111w'tl1JWl11't'i 

1;L\4vl\11111~nu~111GCP1J1nll.,11l ulm11uivua~Li111.lM1'lll GCP LLfi'1 5~'ill:LU~!JU'il1niiL~1Li'.JUHL~IJ., 

ti'.l LLl111~ 1 u n,,., li'1oth~ 

-
-~ .. - ..... 
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- -· -- -- -n 
_, 

~-·-- -·- r•- ·- ·-. ...... .,..'T ...... -- r~ - -. .,...~- -- -- ·- ·-,, .... -.- -·· r•- - ·-. ... '!II!-"'._.. - n~ ·- ·-· ·-- - -- - -·--- -- r~ -..... ~ -- - - ·-••.1!11--- - ~ -c s•e~- =- r.- - 'Q' -· -- -· -· -- - --' .. -- --~ - ·- .. c~ , . , 
-~ --- - ·- ~ .. -- -- .. .... .. -- -··- - - -· •• ---- ·---

11t1i:lu'i11'11 Error(m) ,,o~ulia:: Marker iirh Error 1J1n ulli111t.M1n1~tli'1Jumt1ui\'1luiu11ou~li1u1J1 

u'liJ~hi1ti'&ihi'lfi1tl1um1Jum'll Error i~1111111mi1lmflun11 Click~ 0 Icon Optimize Camera 

uiv111;'1m::1J1un11 rh Error(m) 'ltlllll'l~'11n 79.48 UJlll1 1"Hiiaul'i 0.0105 UJ91l "H;vt11::1J11U 1 '!IJJ. 

1~1Ju lK~ullfl~lumv. 

- ......... _ ... 
-~ .._ .. ... - ....... -,, ,. ' -- ,..,,._ ..._ - ...... " .... ,. . ._....... .. ~-- ....._. 

"""' ...... r ..,,. 
,, ,.. I ,_,..,,, .. .,.. ..... 1.w.-.Qlll:C : """ ,_, q .,,. ,, ,.. ' ,,,.... ui:iroo U.!e!HIOCIOO lt,.e.'00!» ,....,,. G~IJ., " "H ........ , __ 

"""' .... 
"""'-

2.10 Build Dense Cloud 1'1uiu111vud'1~Un1llfll.l\i1u1u~ill'llO~ tile point tmnniju 

nvu~11::ltlan~~uihtuiu111vu Mesh iuJJou Dense Clound 1\Jum11~1J~1u1u'l111'!lv~ tile point 1"1 

1J1ni'unvuif.::lt1 111 1~~ulhtu-iuflvu Mesh lflult11iivnunu WOfkflow uii'11iion Build Dense 

Cloud 

~ ~ -- -• .. • ·--·--••• ----·-·- -·- ... ~. ··- ---··- --.... ··-··- --··-..... --··-··-

----r 

~ 

, .......... °""' ..... ----
----



11.11u Quality "dih11aan 5 11uu 111111~ii~r11111llz1ii11fl11t1~~"~"o~n1,1'iiu;l'U111 

Ultra high "ziifl111JlltLiiv11111D~~fl1lll1Jll~~~fl ~11'111'!1rnmmm1n 

d d I t .i 
lowest llZ1Jfl111JllZLllVflP11~111 '!111111\JllVVl~ft 

,., • .j dd .., 

ll!IU Depth fiterin~ 111'llL!UJnt1~ 4 llUU'!l~1111111z11uun'lz1Jl'rl11JFl1~11\J 

Disabled 11uu~luw1"1t~ iim11~'1i1uiu1111~u111 • 

A~sressive L U\Jn1,ll~, 1V II Z I ii Ufl L ~11~ Pl t 'llWllZ '] ii Pl11lll\Zlii U \II~~ 1191\\'1 

'llt1llllbi1\;fl.ll'laa1~1 h1~1ifuu1" 111mruiln11 OK 
• 

-·----u..--.eou•:t-<...,.•1•1n'-'I. ---·---"-M t).) _ _ __ .,U.\l.l.i•I!. ____ :.!: .. ---
.... __ ____ _ 

• 
-·-·--·------.. ----.. _,.. __ _______ ,.._.., ___ .. __ _ -· 

I 

a•~ • 

21 
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2.11 Mesh 

1\J~U.Cl\J WorkFlow U.ft1Liivn Build Mesh 

.. ~ -- - ... ..._ 
' • II ·-- -·-- ~ -- --- -- _,. ... ,. \ .,._ -- --- -·-·- -- -~~ 

·~- -.: ·.-..... -::.....--Ii --)> • - -----11' • ----· ------ , --
Suface type 11::iihlliivn 2 u.uv lio 

- Height field 11::fi1u1iu111ni1'uli1u.w1::uiu~o1nr.iiiun1Y111 uv~91n top 

view L\1ll1Z"111i\JY11 ll~~ i;iiitl1ZLYll'l Lll11tl'tl RAM UDU l'i1u1!U1l'lhhm1u.w Arbitrary 

- Ar bit ra ry ll:: 1'tin11fi1u1 ru'1' u~1 l "'l nVil'l'?n'YI 1~ 1~oh11ll1'111il fl11ll11\JL ~ uu 

111ii1zil111i'vi1uM1n -r111ri 1-1'1vb11t1atlfl 1tJu3tJ11~ u.oil'tl RAM ii1n l'tlna1u1ulun11fi1u1tu 

Sparse Cloud llzli111lll;l!lll1\l1n tile point \l1niufl01J al~n photo . :: . 
Dense Cloud \ltlJ1'tlOl;IM1n1JIJfl!lUnillJ'HU1lllll11J1N 

Depth Maps 1i'.Juio1Jn~a11~'r'f1oiitiu~mul'li'1~ Dense Cloud 

(flft1U Dense Cloud) 

"1 • ~ I • ' • t .1 Face count OL'lll!lll01111ll11ZlllUfl'tlO~"lllJ1'111fl!fi)l:\JDn'l11J11J '1Uv1Zllllll'tlD~ '111J1 

1111~'1JlV~L~Dllnu 11:11')1~~"U.lllCll:~fl 

Interpolation 1tJum1tJ-i'u11n~u~1'tlOl;j111fwm1tl1::1.111Ul'll 

Dis a bled L VIJ n1, L vi ll ~II L vi!) t 11 i1'uihl'IDfl Piil il~ nu Fl11 ll L tJIJ .~ ~ 
Enabled (default) 1tJum1vi\Jt11111ii1z4'\ll m~u~111~l11uihjflLii1J~\,ilO'il::W 



.. __ ___ _ 
• . . -·-·-_, __ ...... _ ... . _ ... _ 

··-.. ·-

r 

..... _. ___ _ 
-·---­··- .... _ 

---------- -·-

..... ... -----

, 

• ft .. . , 
-·-·­·-·--.. --. .. -~--

• 

---------

---- .. ·--·---·---- -~-

2.12 Texture 
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. ..... 

••• 

Build texture 1tl1Jn1~1h1f 1J~'tl!lM1von 1l'l1 'U hMil'I vi11t.1hnflnil~ti'tJ111tM11lii R1111 

l'lz1iit1fl'tlv~Ul.i~1~11~\J 1tl~llt1\J WorkFlow ul111~on Build Texture 

.. .. ... - - - -·- • 
• &I D 

.. __ 
.---•• - ---- --- ---···- --- -- -°"""'--

<-~ -- -'·-'-"' --- ----~ .... -__ , ---. ~-"" 

--
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Mappin~ mode 11tiit.,.iii1lnR11Jl'l111Jl\11J1~lllJ 

Generic 'ti1lt.1111Ytii~~1hl 

Orthophoto lltltl\IWIH11YI top view mmLiiu1 

Adaptive Orthophoto Q~lt1t1'111~11111tt.1if~o1n top view L1lltl'l1t1,,1~L~n 

Spherical ~ti t1u'ti1 l \.1111\'IL tlt1'llHn111J 

Single Camera Q~1\Jt1111nhiit1D~l11Yf']LftU11J1btlt1bi1flllll1\ltl1l~l11Y1Jt11 

Blendin~ mode 011\Ji'u~ 

Mosaic (default} ~~Ltlt1fl1L~1Jftt1 
, .. -

Avera~ II~ •tlfl1LOllU'!llHVmL '!llltl!H/11'11 

Max intens"" '1~iaonm~fl111JL'll1Jl'l~ll,.,,~iimt1a .. , .. 
Min intensity Lacin111Yt~U91111JL'UIJ~1ilftt1l~Wm'!lil 
Disabled *i']Ltl 

Texture size/count fl1WnL'!lll'Ull~'!11l~UJLl!lll ii~1J1nii~a~Liiufl L111\Jnmt1111L~1Jilt1 4096 

... ,,. __ ____ ... 
• • • " r: 
••• -·----.... ___ ,. 

-··-··--·--------__ ... __ _ 
··---

-
--· 
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• • , • .. ,., . 
•• 
--·~ .. _,.. ... _ , ..,_.,,._.~.., --;a.----... 

... .. . 
1\lvi 12 UJ!llllt~~um::u1un1111i'"» Texture • 

2.13 Classify Ground Points 

\\l~LLtl\JUJ~ Tools Uion Dense Cloud Lil!ln Classify Ground Point L~!llf11.Luni!oi,i~ 
,,iH Point 

- -----• • -· - -· ...... -·----· ----... -.... -·----·-­-----­··- ·-

-

·-

I
·-·-·­·------= ~ - ---

2.14 Classify Points 

Oml'(-- x _, - .. _ 
... .. _ __ ..,. ... I ,,_.....,...., ..,_..,. 

" --=-

h.i~uouw~ Tools Li'fon Dense Cloud Lii!ln Classify Point 1;ivuvnu,z1nV1~iM Point 

LW '4'u~u ilubr 11~0~~\.l~n11i'1~11iuouu Lll1hiih 111vlvlw1 Li'.Jufl'u uuuil'11lulffi 

._ .. _____ ..... 
• • -••• --·-·-·---­-------------.... --~---··- ·~-

-

r -·-.. --·--
.......... _ ··-... __ 
-----

-- --
i 

--
-
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2.15 DEM 

hl~~tl\JUJ~ WorkFlow 1llon Build DEM 111nJ1Jh!1J1,11lfJ~tr11i11J1,~1J111J~nuu~L,1li 
i.1~eliJ \JIH Parameters> Point Classes> hliiien Select ... tll'l'i1Ll'l~ll~i.llJ1 V IJO LO'l'l1~ Ground, 

Road Surface ~llZ Man Made Object ,_,;llllZLflllO All Classify ml\'iui1~fi~Atl1~l1~1'111Jm,1!1l\Jlf 
• 

~11J .i1mi1Jn'1 OK 

.. .. -- -- .... ·--·-- -·- ·- - -.......... _ ... ~ 
• t; .. &. .... -___ ,,_ ---• C-IU.Su- ---.. ,_~. _,_ -··~illli --- -- --·-- - ----· ... __ 

•• --· .. _ .. , 
I "'.,.... .... .,.'" --- """ . -- ' -- -· ··---- ~· --

..... ___ _ ..,. __ 
• D -• • 
--~ ---­,__ ...... _ ., __ ,,,,, ....... _--..,. __ ,,_.., __ _ 
·•-'I;••-­, __ .. _ 

, •• • 9r• 

-, 

~I 

---.... 
··­---

-
:::-~:I~ m ... M !.'1!11.~.. .__ 
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2.16 Export OEM 

1\Juiu111oun1~u1 output hltilutl.i~llflnii1r111::\l~ulliol\I 

l1.iif 11auUJ\j 1ih1n File> Export >Export OEM ui\'11n1Jn11ilii1lvlilii'IR0~011~=u1li.Jti 
tuilil'Uivm\Juhia ".Tiff/BIL/XYZ ("1;0,,~nm1~ icon OEM yfi{uii Workspacen'ltl) 

------------_,._~-_,,. __ __ _ .......... _..,_ ·--··-... . .. 

2.17 Build Orthomosaic 

... wo .. ____ >-_ 

I. , ,., • • • . --·----·------· -------··-·- ------ ---~-----
-- - . ---· - • • 

1\Ju~Ulllllun1111~1~1l1VtllllfC(! lfluhivllltluUJu Workflow > Build Orthomosaic • 

.. .. .. - --· . Ill. ·--·--1";";'". ' ... -11_ .. _ --- t' 
• o.....1GH- ---~ --· ---r,._.., --.. 

o.a ... 1Zilll 
0-~" 

" Qlol~\I ·- ---
•W 

4• 

---- ·-.. -
- • -- ------.. ·--- ·-----------~ --
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- - x--~----

• 
L . 

2.18 Export Orthomosaic 

1\J~lltl\JUJ~ 1iion File > Export > Export Orthomosaic w\'1iiivn11ilfl1l'l!l;i;wn1n~ 
-''·""l.i ..:. "'1·•' ( • !: .i. Oh . .i.¥J u 1 <U\'ll \J'Vllllll!lmvu nil *.JPG/TIFF/PNG \'1Hlflllmn1'VI icon rt omosaic \'l\'f \J'VI Workspace 

mfi> 

..... __ ___ ,. _ 

• • 

_..,. __ _ 
.... ·--·­

---·-~- -­·-- ... _ 

···-

-- • --_ .. ""'____ .. 

----------- ---------· -----



3. n11\11tliiu111111Qnia~1'~ti1u.Mu~ll~1w 

fi11o~ut1111111111fl\f'lgt>urha~llll~ (Mean Square Error; MSE) 

MSEx = 0.00076 UJlll1 

MSEy = 0.00097 UJlll1 

29 

.J • ..I J '" ( ,,n\'ll1!l~f'l1LOflUl'l111Jllll1~\f'lflt>Un11mm~ Root Mean Square Error; RMSE) 

· RMSEx = 0.02748 UJlll1 

· RMSEy = 0.03115 UJfl1 

• RMSExy = 0.04154 UJfl1 

.. 
fl111Jllll1fllftll!JUU.U11~1!l\J!ll11JIJ1fl1Ji1ll NSSDA 

RMSEli'au/RMSE111n e 0.02748/0.031 15 

= 0.8822 

"'it ~J J t·~. . ... , .. ,. 
~~ilf,J um11rn 1 11111111n1111111110'U\'11~ XI.lilt Y nmflu~nu mt~1Ulu'U Mvn111 

(RMSEm1n I RMSE"'"" ilfi1atj1twi1~ 0.6 - 1.0) 

CE9s = I. 7308(RMSE.,y) 

= l.7308x0.04154 

= 0.0719 

CE90 = l.5175(RM5E._y) 

= l.5175x0.04154 

• 0.0630 



4.n11tl1~W\Jfl111J~niiio~L~~~1U'll\i~M1~~~ 

111'111.flll National Standard for Spatial Data Accuracy (NSSOA) 

Accuracy(Z) = l.9600(RMSE2) 

= l.96x0.01972 

= 0.039 UJ!11$ 

30 

5 .n11LYiVIJIJ1m1li1UL Ylao~1119l~Ji1U ASP RA (I i!EJulfi IJ~ nuia 1h1111f11J11l11.§1\J U~lll~ 

Class I USGS) 

S = 393 7 x RMSE.x.y 

= 3937 x 0.04154 

= 164 

111au'IP111li111liin11'l'!n,i1uuuffil.iia I : 164 Class I 
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ll1111~~ 3 1111\ll~ni11'i1u1Nni1tl1~1i:lum1lJ~nP\'t1~1v~~111~u~ 

,t1*'n7'll""lN1l.1 ,.~n '""" ertr.omo<a< 

GCP E N z E N z 
No. (X or East : m) Nor North: m) Z/Altttude : m.MSL (X or East: m) ('(or North: m) 2/Aldt:ude : m.MSL 

2 

' 
4 

739468.003 

739286.971 

739296.856 

739469531 

MSE sum(QU2 

MSE rurl,0()
1 

AMlE. •IMSQ"' 

AMSE, •(MSE,/" 

1856756.090 

1856595.763 

!856417.797 

1856327.150 

RIASE"f • (RMSE.: + FtMSf/1
112 

CE9S 

CE90 

A\SE k#f'l.ctz:i 

"' AMSE, • !MSE) 

• 

• 

• 

146.492 

14S.269 

144.703 

145.8211 

739468.019 

739287.016 

739296.872 

739469509 

18S67S6.08l 

1856S9S.74! 

1156' 17.8S2 

1856327.168 

146 S23 

ICS.285 

IC4 760 

14S.827 

0.00076 

0.00097 

0.02748 

0.0311S 

0.041S4 --
0.0719 
--
0.0630 

O.oo04 

0.01972 

Oiff 

dx (d<>' dy {dy)' dz (dz)' 

--0.016 0.000256 0.007 0.000049 ·0.031 0.000961 

--OO<S 0.002025 0.022 0.()00484 -0.016 0.000256 

--0.016 0.000254 -0.0SS 0.003025 .() 017 0-000289 

0.022 0.000•8• .(),018 0.00032• -0007 0.000049 

Som(dx)2 
0.003021 Som(dy)' 0.003882 Som(dtJ' O.OOlSSS 

w•1 

WM 

""" 
""" 
UJ•1 

WM 

""" 
""' ,,.., 
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5.11'{\J 

I .J .J .... ( O,t< 1'111ilil!Jfl111Jl'lfl1fllflililun1!H11iH Mean Square Error; MSE) MSEx m111V 0.00076 
.... ' J '.J "".... • ... llJPl1, MSEy rn1nv 0.00097 LIJfl, fl111n'l'111!Nfl1lilil!JPl111Jl'lil1flll'lililUn1Mllil~ RMSEx 1'1'11n\J 

0.02748 UJll,, RMSEy iti1nu 0.03115 llJfl, R1fl111Jl'lll11'1Lfl~ilU11'1V'11J RMSExy 1,j1fl'v 0.04154 
• d • .... • ~ .... 

llJ911 fl1fl111Jflll1lllll'lililUUU11~W\Jfl11JIJ1fl1'1U NSSDA 1'1'11nv 0.8822 fl11J1Pl,1~1U NSSDA '1'1,tfl\J - -
fl111JL~ilUU 95 1\J!l{1;\u~ 1'1i1tl'v 0.0719 UJll, t'i11J1Pl,1!1U NSSDA ~1tlt'V1'1111JL~lliiu 90 11.lu{1;\uPI 

1mnv 0.0630 UJfl1 fi10111.i,twufl111J~nlli'o~1iunum.i~'l'1~fi~9111J1J1fl1111U National Standard for 

Spatial Data Accuracy iil'i1Accuracy(ZJ1Yi1riv 0.039 l!Jfl1 mwiivv1J1fl,1ii1u1~!lfi~1J1fl,_!1U 

ASPRA (1.;lvv1~v~nv'liiln11"Ufl!J1Pl,!1U 1114\J~ Class 1 USGSJ 1fl!J!J191,1ihu~1111J11C\~1Ul4Uffifliiiu 
I : 164 Class I 
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.,.i . ¥ .i.r . - " . ,, , ,, v luYI 17 f11\1(11!1YllJYlu1mlJu111ru11cn1J S.3 !l.1.l~lJ"n '1.lWU1\j1ru ~m:t1\J 145.30 lJ.~Yln . 

•• ~ • ¥ " r ' - • , ,, ' ,, "' iuYI 18 u.uu•1111N\11JY11J1Y111Jmnru11C111J S.3 !l.1.1111J.,n ~.lYl,,,\J,ru Yl,~ .. u 145.30 lJ.,Yln. 
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,,.,,. 1'9000 1)?500 140000 , .. ,,. 



6.2 WIU~~1fl!l~\{u~J1ti1J.Ju'i11Ni'lll1ii S.3 u1umfl1~v1 !l.ll~11iln ~.1'11'!11\J1N ~1~1'iuJ1 
145.30 11.(u1.n.) 

.o • ..-.a . • "'.Jvl 
WIU'11'1111!l~VN'llU1'1111Jtnl'lNi'll1111 S.3 '111Zfl\JU1 8.30 lJ.(1.11.l.J.) 

,.. ... 
N 

A 

...... ,,.. .. , ..... 
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7. 11111J~ ~inn l u n ,, Ii 1L iluni i!\l l\!111111\J1111,. 

t. a1n111111uH11uiVl'l°i1luil11,uuliluiuiliiuu1111iln lii1111J1:11i11l'unuiliill~011 
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