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ol e DDA Aate (S Wysn (Al duhall dzhie adgal Lad)l ddjlal) 35 5 (Map GIS 9.3
Glung lealasly gl Leilaluas Lokl (uly glsally lall bl cilawsil) adlsa Cilung
Oo Aasiiceall Cilalally sladY) 28y e alie VU duhall dilaie ageans it (Y AaDUI &yl 44K
Laglgall b ylal)

Ll Ll d8ally ¢(9.95490) wilSé Ayl dahaiey ddad Ungly el (o laaiV) dusd Cues
) lBlay) 8 Uadl) ge baogie of a8 WS ((RA = 1:60000) el dualal) Jlaall 2
Aane Ui aoje dawgieg (RMSy = = 0.0965,) Ludll clilaYls (RMSg = £ 0.102,) ol
Root Mean Square for ) cuulidl Uas ape dawgies (RMSg = + 0.0995) cpalaV)
-(Elevations = RMSg.= + 0.005,

Ligall ygeally lgailse ae Auball dihaie (o Llis 53geaye Lalis (10) adlse dilasg slalias &
RMSg = £+ (RMSy = £ 0.125;, « RMSg= + 0.076r, ) <uil<é Ciguially a8gall Sla))) ad daay
. (ROOt wean square for Elevations RMSr.= £ 0.045, <0.088,

Sladll Gl o dsal) Bypeall (o Bans diabise dhajla 2 1) (e il (385 2e i) 120 ey
- Ayl dadaie o gend Aobioeall Cilaas il ity Lgaladiinsy
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Using Surveying and Computer Techniques to Calculate (R.A) &
(RMSE) for Digital map of Technical institute/Mosul

Mohammed Edan Mahmood Al-Taee
Department of Surveying Technologies
Mosul Technical Institute
Northern Technical University

ABSTRACT

The aim of the present research is to calculate the Relative Accuracy (R.A) and
Root Mean Square Error (RMSE) for the location of Technical Institute, Mosul in
Nineva Governorate, Irag. at the northern part of Mosul city by using surveying
Instruments (GPS 1230, Total Station os & Level nak2), to calculate the coordinates and
elevations of (16) Ground Control Points which covered the study area.

The field data, remote sensing techniques and GIS software (Arc Map GIS10.3)
are used to check the digital map of study area that helped the administrator to take the
correct decision, determining positions of the future expansionist for buildings, roads,
measuring lengths, areas and there coordinates, directions as well as the total costs
estimation needed for any development from the final map.

The gradient percentage between the highest and lowest points is calculated to be
(9.954%). Relative Accuracy for the based measured points (R.A) = 1:60000), and
Root Mean Square error in Easting coordinates (RMSg) = = 0.102m, in Northing
coordinates (RMSn) = + 0.096m, the Root Mean Square for the resultant (RMSRr) = +
0.099m, and Root Mean Square for Elevations ( RMSrL)= + 0.005m.

We Matched and correlated (10) measured points from study area with there
graphic data positions on the aerial photo, determining the offsets for position and
elevations as follows: (RMSg = + 0.076m), (RMSn = £ 0.125m), (RMSr = £ 0.088),
and (Root Mean Square for Elevations = RMSgrL= % 0.045m).

This research enable us after checking the results to produce new maps from
Aerial photograph or Digital Image to use it for land uses and future extensions in
whole study area.

Keywords: Remote Sensing, Root Mean Square Error (RMS), Relative Accuracy
(R.A), Total Station (T.S os), (GPS 1230), (Arc map GIS 10.3).
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ANTHONY G. BARNSTON,1992. Correspondnce among the Correlation, RMSE, and

Heidke forecast Verification Measures; Refinement of the Heidke Score, Climate

analysis Center, NMC/NWS/NOAA, Washington, D.C 15 April 1992 and 13 July
1992, volume 7, PP(699-709) (11P.).
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Al gl LAY Case Ylei (4028500 — 4027000) <slilaayls By (335000 — 332000)

dalis 75k any (52 353.72 = 2 yie 884300) Aalllly Lloal) Audyal) Aidaie dalss luos
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Gt 8 (@hall Ll slajs 308 jhee 3bs b aila ls Al dikie Flia ey
Glaslaall e Toldiel Lyl dakia 3 (365mm) olties (hall Jiladl Jaee o Cun s cladl
bl dilaie e Jled (S 3) 2 o daBly Lisa olil dana il a5 Lindl) Aasa (e 33580
o Lalsy Carall dusd b WeWane el ) Qe pliall clapal Zailly W (1960 — 2013) 555l
Glas 235 Bha sed¥) Jil i S 05lS Hed Wy (46.5°C)  asaas o G s Jea (e
(Dlalsaly Jaill 5l Lsall ol sl dhae e alieVL (6.0° C) als clay Jaa
(2013
e oodlly dojlls cplall e 0S5 Al shaal) Ll il o Ul aia a1 g8 Auball dilaie 4053
L gaiiy de)3ll dadlay Capall Baa Ay lead duganll salall docs g 185) pa Slijon puadi s (alS])
.(Buringh, 1960) lyuadlly i)
AV dlus 55 (9.954%) 5o Ayl dakiag lass) el ((1100m) sy duhall dahie Joh
i oy (1/2) dakdll & Aadlglly ) plav (ggie G5 (257m) Ll upuie Al el Lo
o o) o Alaally Jeasall Gl gaall olY) daadl Bl adtig (230m) ilo e Gagwia
& sl Josall Gy aags WS 200 (1) a8y dbleadl e slaieWU jlaad¥) Gl 35 (271.251 1)
cialiall Bale Guysi 2 sleacl) (Barry, 2003) (1993 ccsials < SH) leie B8l Gigially Cgiall
.(2007
Gradient for studied Area = (Difference in elevation/ True distance) * 100 - - - - - Q)

Maximum Gradient for study Area = {(257-230) / 271.251} * 100 = 9.954%
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(16) oy s sagemyal) )Y Janall Ll adlse cuind (Arc Map GIS 1o3) s» (Software)
el bugiall Hiall 4y Jaig duhall dihie a8sel (RoOt Mean Square = RMS Error) ad el
doasesl) LG LG Leha ) adlsall ae Llis 5ageajall adloal) dillae (520 23ay Hdde spy Ul
clileal) shal dudde Luala st S5 (gl (Ladx) saliae Lli (10) 2y & LS (L)l il jal)
aluilly Slagllly Jolaslly candl de Ll Cagalag (D:1) dnsllly (8:1) dnsll) el dpwvia gy juas DU
) clghasdl) 384

(b:1) 5 (a:1) sl maage WS Lugall §)gually @hall ddajla o duhyall dahie Cadaa—)
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.(c:

1) daslils ) copelaly sgaall L)l daliue (0 pgad ks (<

LS o(1 x 2 x 2) sl (Ground Control Point=G.C.P) duulul dalis cilia (4) L) a5 Y
A iye iy L LS Ll 30i (8 el Allal) LgadlS) agaall Balae i (ga (o)) Lo
Ll (6) o o3 LeS granall slya) piapal (Ledde 3883 Adle puing) Loaddad w35 aus (25%25) 2l
Gy caid ()af Bl (6) 5 Gyl S dualbey ciled) Slia o £S5 juabaey (53
Aaga (16) Ll 33 (35S0 L) Lilaie pyans Angiisall iy 3haall 3 (zl 1) i e

(AB,C.D, ... to P) Ca,aYL fas 2al

(GPS  1230) Slex (A, B, C,D) drulu) Lladl) ay (G.C.P) doca)f ylaves Lalis (4) Civea )=t
ZobE Ay dpelall HLaY) (e agililaa) (A5 (428 35) dgas 4kl JS 2ia) aly Al
(3.2) daqlll C-m:}d\ (TSO6) AlalSial) dasall Hlgan Aol dakaia

(GPS1230) Jlex 4ulaall (A,B,C,D) Joca V) syl Jalaid dufgall culilaay) :1 Jsaall

X

Y

Z Remarks

333993.327

4027668.983

245.925 gaal Caalay 3aill 8 (G.CLP) Ayl sylaee dais

333960.297

4027783.183

244468 | senal conld (ymiall sms (G.C.P) A s s |

334081.607

4027888.514

243.640 sgaall A Ol i (G.CLP) duia)l sylas Al

334066.076

4027715.261

244.908 dgzall Caxlal Jg 3l T QA (GCP) z\:uaj 5ylaws ddady

Bageayall agililial (e Lagin slaiVly Jshll Glual (AB) pobiill G dual) lileall chal -0

S AEas=Eg—-EA ----
. AEas = 333960.297 — 333993.327 = - 33.030m
.. ANa=Ng—-Na ----
.. ANag =4027783.183 - 4027668.983 = + 114.200m
~.Length as =V (AE)? + (AN)? - - - - (4)
~.Length AB=\/(- 33.030)2 +(:|.:|.4.200)2 =118.881m measured gy GPs1230)
-0 ag =tan’ (AE / AN)
5 O p = (- 33.030m) / (+ 114.200m) = 16° 07’ 53" a2l a0 A
5 AZAg=360°-0Ops - -
s AZ.As=360° -16° 07" 53" =343°52'07"

Jshlly slat¥) (3axl 4 (B) dkaas clblas] (uld &35 (T.Spe) Slean (A) bl cldlas) Gles &

b LSy (T-Spe) Sleas blks 53geayall ae
-(2)

- (3)

----- 5)
----(6)



. Relative Accuracy (R.A)as = (

. Relative Accuracy (R.A)as = (

.. Length ag = 118.883m measured gy (.5 06)
*. Error in measured distance = 118.883 — 118.881 = 0.002m

) --=e-- ()

Error

Error

True Distance

0.002 1 1

True Distance

~118.883 59442 60000

-(Andrew, 2001) (1983 «55315 casie) (1982 ¢ oallal)
Waae g dul)l dzhia agans dejse (POINt=GCP Ground Control) duza¥! shuall bk aijg o5 **
o dia¥) cilalie¥) ciadl agaall agas s lgaay Lty Lo Ll dols slele 5 ¢(16)
45 5Ly (Level NAK?) g5 (alis Lises Slgag (T.S 6) 58 AalSiall danall jlgas Cira
Gy 4y cunliall deay Y ALSial) dhadl leas 83 guayall Ll Gudn cuanli e Bl Canalic
O30 4dde Slall dala 3y Jaris das GuSlall £d iy GeSlall Jals il @lldg gl g e
CulSy Cualiall 48y Cheiay 4pd diad Jaly Jlead) gli)) (bl A8y Slead) CLsan 8SH oy

(sl o)yt Lala) o (D:2) Aasllls Lalail) 038 3ays (2) o8y Jsaally Aide LS studl
(10) sy Ginll 2505 3850 8350m 3 Slaliaall Lk & (D:2) daglly (elpeal Laliall) *#

Easting (m)

Northing (m)

R.L (m)

Remarks & Notes

333993.327

4027668.983

245.925

aldl e dlladll synill oy

333960.297

4027783.187

244.470

(.Sﬂ\ 5 caalal (s il o i

334081.607

4027888.514

243.647

gzl gﬂﬂ\ Ll &l Gl:‘“-“ Q8

334066.076

4027715.261

244911

L8yl Aalill Cualall Jo 3l po 8

334049.027

4027653.948

246.485

salpall Ay f (B.M) o

333969.493

4027481.608

246.769

Al Ay o) i

334095.108

4027435.185

244.182

dpalall Baleal) dapas 8

St.
A
B
C
D
E
F
G
H

334053.233

4027439.297

243.139

Baleal) 1S Cojf Dlall gl

334070.312

4027514.683

247.288

334114.211

4027809.238

244.500

pualu ) il U8 giadd o5l i

334325.382

4027764.487

244.945

334299.073

4027654.880

244.923

ol 20,5l e (8 L

334110.532

4027528.988

249.351

taall b dalieal) aud iy (B

334207.267

4027491.705

249.294

) gl 2N e

334235.221

4027572.167

246.068

o) il Lodal) ALY Ay Chausn s

ol Ol Z2| Z| r| x| «

334316.062

4027552.490

242.904

L)Y aled) adaliil ) Clnally
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dbad S (C, D, E, F, G, HILJ K, L, M, N, O, P) Llall cliha) Gluay sa) & **
Gis ~ledl (GPS1230) Sleas s3geardl (By A) i o slae¥Wls (TS ) akelSadl
-(Jan, 2001) «(Raymond<Walter, 1999) :a.lll <Y alaall

. AE = Length of ag * Sin AZ of side ap ------ (8)

.. AN = Length of s * Cos AZ of side ag - ---- - (9)

. EB =Ea+ AE = Ea + Length of ag * Sin AZ.ag - - - (10)

. Ne = Na+ AN = Na + Length of ag * Cos AZ.ag - - - (11)

. RLs=RLax AL= RLA + I neignt for Instrument £ V — NI heignt of refiector - - - - (12)

z=lim Lgdlao) sl (Note Pad) dxa calaia &5 (EXCel 2013) zeelism 5aseasall cilibadl culasl =1
.(b:2) ds4lll WS (Surface) duadaw 8S (Arc Map GIS g.3)

& (32519 LS (Ground Control Point = (G.C.P)) drca¥) slavdl Lalis aflse audisiy Lic —V
Jsadl e i 835myal) duslusal) pgililan] Ao SLae ¥l dusal) Bygaall o Al dikiia adse
A(0:2) daslily daiagdlls (2)

(e 10X10) Aojoas 483 g Liedia Ansins daddied) Zigall 5)5uall —A

Laslhae (530 2021 Uadl) ayal Jawsgiall )3l (ROOt Mean Square = RMS Error) ded cua —9
352) (2008 caluss) Al didaia elyal US 3 Aedl) a8l daagenll Clill) Lotias Al adlsal
a8 o 23 ia (2) 5 (1) Jsaalls daagall wililally (16,15,14,13) calad) 345 (2000
Lgall paall e s3salally (16,15,14,13) cialealls Lghubail cililany) (3 Jisi a5 (3) Jsaal
+(€:2) daslil LS Jaally

(NAK ) Lisel) Sleas (T.S 06) 5 (GPS 1230) = 83geare dhati (16) <lilas] (3) Jsaall

Measured By (T.S o) Measured By (Arc Map GIS ) Differences in Coordinates
& Level (NAK ,)

E; N, RL, Eq Ng RLg | (Bd-Er? | (Nd=Nr)2 | (RLg-R.L )

333993.327 | 4027668.983 | 245925 | 333993.327 | 4027668.983 | 245.925 0.000000 0.000000 0.000000

333960.297 | 4027783.187 | 244.470 333960.535 | 4027783.345 | 244.468 0.056644 0.024964 0.000004
334081.607 | 4027888.514 | 243.647 334081.635 | 4027888.540 | 243.640 0.000784 0.000676 0.000049
334066.076 | 4027715.261 | 244.911 334066.177 | 4027715.192 | 244.908 0.010201 0.004761 0.000009
334049.027 | 4027653.948 | 246.485 334049.055 | 4027653.923 | 246.485 0.000784 0.000625 0.000000
333969.493 | 4027481.608 | 246.769 333969.399 | 4027481.628 | 246.776 0.008836 0.000400 0.000009
334095.108 | 4027435.185 | 244.182 334095.115 | 4027435.298 | 244.190 0.000049 0.012769 0.000064
334053.233 | 4027439.297 | 243.139 334053.230 | 4027439.399 | 243.144 0.000009 0.010404 0.000025
334070.312 | 4027514.683 | 247.288 334070.322 | 4027514.595 | 247.296 0.000100 0.007744 0.000064
334114.211 | 4027809.238 | 244.500 334114.220 | 4027809.342 | 244.493 0.000081 0.010816 0.000049
334325.382 | 4027764.487 | 244.945 334325.362 | 4027764.580 | 244.949 0.000400 0.008649 0.000016
334299.073 | 4027654.880 | 244.923 334299.162 | 4027654.967 | 244.928 0.007921 0.007569 0.000025
334110.532 | 4027528.988 | 249.351 334110.649 | 4027528.875 | 249.354 0.013689 0.012769 0.000009
334207.267 | 4027491.705 | 249.294 [ 334207.365 | 4027491.833 | 249.301 0.009604 0.016384 0.000049
334235.221 | 4027572.167 | 246.068 334235.433 | 4027572.300 | 246.067 0.044944 0.017689 0.000001
334316.062 | 4027552.490 | 242.904 [ 334316.166 | 4027552.598 | 242.897 0.010816 0.011664 0.000049
3928.801 3928.821 | 0.164862 0.147883 0.000422

A
B
C
D
E
F
G
H
|
J
K
L
M
N
6]
P
z




. RMSe = {(Ea-En)) /n)}* ------- (13)

- RMSn = {(Na - Nr)2) / )} - - - - - - - (14)

. RMSg = {[(RMSEg)? + (RMSn)?] / 2}% - - - (15)

(2 (R.Ld - R.Lr)z)%
n

. RMSRL for Elevations =

.. RMSg = {(0.164862) / 16)}” =+ 0.102m  (13) Asaall 34
. RMSn = {(0.147883) / 16)}% = + 0.096m  (14) Hszall 3o
. RMSg = {(0.102)2+(0.096)%/2} %= +0.099y (15) Haaall 58
‘ RMSRI_ for Elevations — {(0000422/16)}1/2 == 0005m (16) ZJJM‘ ééj

-Bageayall Lalail) dae (N) *#

(C:2) sl (Aacd ) Adaylall) (ha s3palall Aasil s (Ed, N d, R.L d) **

Mles (T.S ) Slene 8ageayall ddatill culilaal (E o, N, RIL ) **

cgasanlly GAY) alatL (AahY)) Wadl) ausel agidll 3l (RMSy « RMSE) **

(eablls 81 eVl 3 W) apal gl 53all) dal3y) dlans (RMS g) o **

cansliall Uas aopad Jasgidll H3all (RMSg, for Elevations) des **

dddlially gitall)
Wil aye Jasio of 0 (16,15,14,13) cValeall 3 asgailly (3) Jsanll 3 bl slassaly
e Jausia dlans dads (RMSy = + 0.096) oub olai¥ls (RMSg = £ 0.1027) &Y slas¥L
ROOt pean ) 58 cualiall ad asje Jaugias (RMSg= £ 0.0997) (sasanlls Y1 Gaalas¥l Uadl)
-(Square for Elevations = RMSgrL

t sty Saldl U8 (e daaas (Empirical gquation) doaaay Aalesy culiall &8y (e il o
. RMSgL = (Height Accuracy) mm = H.A mm = % 2.5 VK km - - - (17)

(casliall) & UsjY) 48y (Height Accuracy) = RMSg. = H.A #*
- liaslSIL (NAK2 Dleas TS g6 Slea) A5l s cualic gsene Jara = K **
Qzétms ((NAKz) K] (TS 06)) (ngL@A.\ EJ}.A)J\ (16) Ll k._\ea.ut\.q ¢ sana Jaza Al ({3

Average Summation for Elevation = (3928801+3928821)/2 = 3928811m

s e gl L Ja] sy (e 4000) (e S Cualiall gsana dlls 8 (17) dlaleall ardied
el (Cassliall) ) e LY A8y iag

RMSRL:He|ght Accuracy=H.A= + 2.5 V3.928811Km= + 4.955 =~ 5mm: + 0005m
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Slaladl (T.Sos) Slea Basgeajall sydal) Llall cililas) 14 Jganl)

Measured By (T.S os) Measured from (Arc Map GIS 10) & Level NAH (Ed - Er)? (Nd —Nr)? (RLaR.L)?| Remarks

Er Nr R.Lr Ed Nd R.Ld

334124.519 4027872.755 243.550 334124.490 4027872.661 243.486 (- 0.029) (- 0.094) (- 0.064) Cladlaiad) &y 085
=0.000841 =0.008836 =0.004096 (5) dsaall (14) 42,

334292.225 4027625.889 244.910 334292.211 4027625.968 244.950 (- 0.014)? (0.079)? (-0.04) a8 2 Ay S
=0.000196 =0.006241 =0.0016 (5) Js2lt: (46)

334299.177 4027406.861 234.068 334299.181 4027406.724 234.098 (0.004) (-0.137)? (0.03) QA Aidd Gal (S,
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5ysealls Lihlai ae Lles (T.S 6 & NAK2) Sleas dulie Llia) Ll (10) slalias & (2000
P il e Uleans U (4) Jsaadly Wabilas) deaass dosal

t il e Ulaas (16,15,14,13) cValedll b (msailly (4) Jsaadl by alasanly

- RMSe= {(Eq - Er)?) / n)}%= {(0.057628) / 10)}* = + 0.076n
. RMSn= {(Na - Nn)?) / n)}*= {(0.156257) / 10)}* = + 0.125n,
. RMSg= {[(RMSE)? + (RMSn)?]/2}= {(0.076)2+(0.125)%/2}*= + 0.088m

(& RLA-RLO2) 0 020224/10) = + 0,045,

. RMSRL for Elevations =
n

: b WS (17) 3, (Empirical Equation) duecagll Alabealls culiall 483 (e Gasill
. RMSg_ = (Height Accuracy) nm = H.A = + 2.5 VK «m

.(k_\:\ML\Aj\) t\.ﬁj)!\ 48y = RMSRL = H.A * %
~iaglSll (NAK; Sleas TS g6 Slea) 3040 Ll cunlic oane Jaee = K **
‘:Attns (( NAKz) E) (TS 06)) L"Q_)L@A.\ 5.3_9,«.4‘)45‘ S\ALAA]\ LUU k_\:\.u.n\.m &}A;A d.la.a

Average summation for Elevation = (2430.024+ 2430.048) / 2 = 2430.036m
s gl Lgiad JAy sy (e 4000) (e S Cualial) g sana Al 8 (17) dabaal) ardius
.(James, 1997) ialalls (crasmsliall ) &L,V 48 Jiay
RMSg.= Height accuracy=H.A= % 2.5V 2.430036xm = % 3.897 = 4mm= + 0.004m
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