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) ƕ˶ ʼ åƑ˲˰ǁ ƕ ȿˤƨƑƟĀ ƕ ƟƑ˲Ǆ çƑ ˷ƾƗ ýä˕˱˭ƨäR.A) Ā (RMS ƕ ˶ƽî ƕ˝îƑ˱ǁ ( 
 Ǐ˷ƾ˭ǁä ˕Ǌƴ˶ǂǁǏƺ ÛɄƬˤ˶ǁä úä̠ ƴǁä 

  ǏƏƑ˞ǁä ˗˵Ƣ ìˤ˶˰Ǆ þä˕˹Ƴ ˕˶˰Ǆ 
 ƗơƓ˴˸ǃå èƓ ˹ǀƙ ˤ˴ƿ 
ɆƮ˦˸ǃƓȺ Ǒ˹ǀ˯ǃå ˗ǌƶ˸ǃå 
Ɨ ǃƓ˸˵ǃå Ɨ ˹ǀ˯ǃå ƗƶǆƓ˱ǃå 

 þǚ˯ƪǙå ƣɂïƓƙ)20 /1 /2019     ý˦ˮǀǃå ƣɂïƓƙ   Ü25 /7 /2019 ( 

ǁä˛˱ǂ˶ 
       ) Ɨ ˮ˴˹ǃå Ɨƿ˗ǃå æƓ˴ơ ˦ǋ ǑǃƓ˲ǃå ˖˲ ǃå ú˗ǋ ÿãRelative Accuracy, R.A ( ƴɁ̇ ˸ǃ Ɋƪ˦˯˸ǃå ï˘˱ǃåā
 Ƌˠ˳ǃåāá ) Ǒ˸ḧǃå ïƓ ʹ˸ǃƓȺ ú̇ ƶȻ ƓǆRoot Mean Square Error, RMSE ( ƴƿ˦˸ǃ Ɨɂ˦ƞ çï˦Ʈ ˥ǆ ß̊ ˱ǃ

ɆƮ˦˸ǃå Ɨ˹ǒ˗ǆ ˥ǆ ǑɁ̇ ƺǃå ǑǃƓ˸˵ǃå ß̊ ˱ǃå ǑƼ ƴƿå˦ǃå ɆƮ˦˸ǃƓȺ Ǒ˹ǀ˯ǃå ˗ǌƶ˸ǃåÜ  ÜɎ˦˹˻ǈ ƗsƼƓ˲ǆ  ûå̇ ƶǃå Ɨɂï˦ǌ˸ƞ
 ÷˦ ǈ ǑơƓ˴˸ǃå ƴƿå˦˸ǃå ˗ǒ˗˲ƙ ðƓǌƞ :Ɇ˰ǆ Ɨ ơƓ˴ǆ ç̊ ǌƞá þå˗˳˯ƪƓȺ(Global Positioning System=GPS 

)1230 ) ÷˦ ǈ ƗǄǆƓḧ˯˸ǃå Ɨˠ˲˸ǃå ðƓǌƞāTotal Station version 06 ÷˦ ǈ ǑơƓ˴ǆ Ɨɂ˦˴ƙ ðƓǌƞā ( Level(
)NAK2 version ) ˔˻ƪƓ˹ǆā èƓ ƛå˗ơå æƓ˴ơ ˤƙ16Ɨˠǀǈ ( .Ɨƪåï˗ǃå Ɨǀˠ˹ǆ Ǒˠƺƙ Ǒưïá Ɋ ư 

        ā ǑƑƓ˹ǃå ˛˴˲˯ǃå èƓ ˹ǀƙā Ɨ Ǆǀ˲ǃå èƓǆ˦Ǆƶ˸ǃå þå˗˳˯ƪƓȺǃ ˚ǋƓƞ ƝǆƓǈ̇ Ɂ Ɨ ʼå̇ ƺ˱ǃå èƓǆ˦Ǆƶ˸ǃå ˤˢ˹)Arc 
10.3 GIS Map ˥ǆ ïå̇ ǀǃå ˘˳˯ǆ ˥ɜ˸˯ƪ Ɠǋïā˗ƕ Ǒ˯ǃåā Ɨƪåï˗ǃå Ɨǀˠ˹ǆ ƴƿ˦˸ǃ Ɨ ˸ƿ̇ ǃå Ɨ ï˟Ɠ˳ǃå ɖ˻ƿ˗ƙ ˤƙ ( ïƓ ˯Ƥå

ǀ˯˴˸ǃå èƓƶƪ˦˯ǃå ƴƿå˦ǆ æƓ˴ơā ā ÷ïå˦˵ǃåā ǑǈƓ ˸Ǆǃ Ɨ Ǆˮ ñƓ ʾ æƓ˴ơā ƓǌǋƓ˱ƙåā ƓǌƙƓ ƛå˗ơåā ƓǌƙƓơƓ˴ǆā Ɠǌǃå˦˟á
  ˥ǆ Ɨˠ ˹˯˴˸ǃå èƓƪƓ ʿǃåā íƓƶȺǕå Ɨƿí ǏǄƵ íƓ˸˯ƵǙƓȺ Ɨƪåï˗ǃå Ɨǀˠ˹ǆ þ˦˸ƶȺ ˙ɂ˦ˠƙ ɏǕ Ɨǆðǚǃå Ɨɂ̇ ǒ˗ǀ˯ǃå ƗƽǄḧǃå

.Ɨ ƑƓǌ˹ǃå Ɨ ï˟Ɠ˳ǃå 
 ˕ˮ˴ơ ˕ǈƓḧƼ Ɨƪåï˗ǃå Ɨǀˠ˹˸Ⱥ Ɨˠǀǈ Ƌ˟āáā ǏǄƵá ˥˻ƕ ïå˗˲ǈǙå Ɨ ˴ǈ)9.954%( ɉƓǀ˹ǃ Ɨ ˮ˴˹ǃå Ɨƿ˗ǃåā Ü

) ˕ƺǄƕ Ɨ ƪƓƪǕå ǑǄǀ˲ǃå ˗Ʈ̇ ǃåR.A = 1:60000Ɠ˸Ḫ Ü( Ǚå ǑƼ Ƌˠ˳ǃå ƴɁ̇ ǆ Ɋƪ˦˯ǆ ÿá ˥˻ˮƙ èƓ ƛå˗ơ Ɨ ʿƼǕå
) ÿƓǂm= ± 0.102E RMS) Ɨ ƪá̇ ǃå èƓ ƛå˗ơǙåā (m= ± 0.096N RMS ƗǄ˶˲ǆ ƋˠƤ ƴɁ̇ ǆ Ɋƪ˦˯ǆā (

) ˥˻ǋƓ˱ƙǙåm= ± 0.099 RRMS Ü(˹˸ǃå ƋˠƤ ƴɁ̇ ǆ Ɋƪ˦˯ǆā) ˔˻ƪƓRoot Mean Square for 

m0.005 ± =RLRMS = Elevations .( 
 ˤƙ ƴƿå˦ǆ ƗǀȺƓˠǆā çƓǋƓ˷ǆ)10 ĄƓǄǀơ çí˦Ʈ̇ǆ ɉƓǀǈ ( ˥ǆ  Ɨǀˠ˹ǆƗƪåï˗ǃå  Ɨɂ˦˱ǃå çï˦˶ǃƓȺ Ɠǌƶƿå˦ǆ ƴǆ

Ƽ æ˦˴˹˸ǃåā ƴƿ˦˸ǃå èƓơåðå ˤ ʾ ˗ǒ˗˲ƙā) ˕ǈƓḧ m= ± 0.076ERMS   Ü m= ± 0.125 NRMS  Ü= ±  RRMS

m0.088 Üm0.045 ± =RLRMSfor Elevations  areMean Squ Root . ( 
 ǑƑƓ˷ƽǃå ÿƓ ˮǃå āá Ɨɂ˦˱ǃå çï˦˶ǃå ˥ǆ ç˗ǒ˗ƞ Ɨ ơƓ˴ǆ Ɨ ï˟ƓƤ êƓ˯ǈã ˥ǆ ƝƑƓ˯˹ǃå ɖ˻ƿ˗ƙ ˗ƶȺ ˖˲ ǃå å˘ǋ Ɠ˹˹ɜ˸Ȼ

. Ɨƪåï˗ǃå Ɨǀˠ˹ǆ þ˦˸ƶǃ Ɨ Ǆˮǀ˯˴˸ǃå èƓƶƪ˦˯ǃå ˘˻ƽ˹˯ƕ Ɠǌǆå˗˳˯ƪǗ 
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çƑ˶ǂḥǁä  å:ƕǁä˕ǁ  ÜǑƑƓǈ ˛˴˲ƙå ƴɁ̇ ˸ǃ Ɋƪ˦˯˸ǃå ï˘˱ǃåƋˠ˳ǃ )RMS) Ɨ ˮ˴˹ǃå Ɨƿ˗ǃå Ü(R.A Ü( Ɨˠ˲˸ǃå ðƓǌƞ
) ƗǄǆƓḧ˯˸ǃå06 T.S) Ɨ ʼå̇ ƺ˱ǃå èƓǆ˦Ǆƶ˸ǃå ˤˢ˹ǃ ƝǆƓǈ̇ ƕ Ü(10.3 GIS Map Arc .( 
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(RMSE) for Digital map of Technical Institute/Mosul  
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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 

Nineveh Governorate, Iraq.  at the northern part of Mosul city by using surveying 

Instruments (GPS 1230 , Total Station 06 & 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 (RMSE) = ± 0.102m, in Northing 

coordinates (RMSN) = ± 0.096m, the Root Mean Square for the resultant (RMSR) = ± 

0.099m, and Root Mean Square for Elevations ( RMSRL)= ± 0.005m. 

We Matched and correlated (10) measured points from study area with their 

graphic data positions on the aerial photo, determining the offsets for position and 

elevations as follows: (RMSE = ± 0.076m), (RMSN = ± 0.125m), (RMSR = ± 0.088m), 

and (Root Mean Square for Elevations = RMSRL= ± 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 06), (GPS 1230), (Arc map GIS 10.3). 

    

 
 
 



 ) Ɨ˸ ʾ æƓ˴˲ǃ Ɨ Ɂ˦ƪƓơā Ɨ ơƓ˴ǆ èƓ ˹ǀƙ þå˗˳˯ƪåR.A) ā (RMS˳ǃ (Ɨ ˸ƿï Ɨ ï˟Ɠ...... 3 

ƕǄ˕ƾ˶ǁä 
) ˝˳Ȼ ÷˦ ư˦ǆ ˥Ƶ ç˗ơåā Ɨƪåïí ˗ƞ˦ƙRMSE :Ǒǋā (-   

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.). 

) Ɨ ʼå̇ ƺ˱ǃå èƓǆ˦Ǆƶ˸ǃå ˤˢǈ þå˗˳˯ƪå ˥ǆ ˗ƕǙGIS çïåíá Ɏ˦˯˴ǆ ˥˻˴˲ ƙā Ǒƪ̠ǌ˹ǃå Ɇ˸ƶǃå ßåíáā çßƓƽḪ ƴƼ̇ǃ (
 íå̠ƵǗ ̞ƿ˦ǃå ÿ˦ƞƓ˯˲Ȼ ˥˻ɣɣ ˳˸ǃƓƼ Ąǚˮǀ˯˴ǆ ƓǋíƓ˸˯ƵǙ Ɨǀʾíā ç̠ǒ̠ƞ ɊƑå̇Ƥ êƓ˯ǈã ýǚƤ ˥ǆ Ɨɣ ˠ˳ ǃ˯å ƗǄ˸ƶǃå

 ïíçí˗ƶ˯ǆā ç̇ ˻˰Ḫ èƓǆ˦Ǆƶǆ Ɇˡ ǑƼ ƝƑƓ˯ǈ Ǐǃã å˦Ǆ˶ ǃ Ɇ˻Ǆ˲ƙā Ɨƪå  èå̇˻ƺ˯Ǆǃ Ąå̇sǈ Ɨƶɂ̇ƪ èåïå̇ƿ îƓ˳ƙå Ǐǃã ƗƞƓ˲Ⱥ ʕǋā
 .˗˻ƶ ǃå āá ˔ɂ̇ ǀǃå Ɏ˗˸ǃƓȺ ƴƿå˦ǃå ôïá ǏǄƵ ƗǄƮƓ˲ǃåā Ɨǀơǚ˯˸ǃå 

˔˰ ǁä ˣǄ ù˕Ǌǁä 
 ƪƓǆ ƗƞƓơ ˗ǃā ɏ˘ǃåā ˤǃƓƶǃå ǑƼ ɆƮƓ˲ǃå Ǒ˸Ǆƶǃå ï˦ˠ˯ǃå Ɨ ǂå˦ǆ ˦ǋ ˖˲ ǃå ˥ǆ ú˗ǌǃå ÿã Ɨ˲Ʈ ɖ˻ƿ˗˯ǃ Ɨ

) ˚ǋƓ˱ǃå ƝǆƓǈ̇ ˮǃƓḪ æ˦ƪƓ˲ǃå ˥ǆ Ɨǆ˗˳˯˴˸ǃå ɊƑå̇ ˳ǃå10 GIS Map Arc  ĄƓǄǀơ ɖƿ̠ƙ ÿå ̝ Ȼ˱ Ǒ˯ǃåā  ǉ̇˻ƹā (
) Ɨƿ˗ǃå Ɨ ǃƓƵ Ɨ ơƓ˴ǆ ç̊ ǌƞá þå˗˳˯ƪƓȺ1  ā èƓǋƓ˱ƙǙåā ƓȻåā˚ǃƓȺ Ɨ ǈƓƛ1  ɊƑå̇ ˳ǃå þå˗˳˯ƪå ˤ˯ǒ ˤƛ (èƓƼƓ˴˸ǃƓȺ ˤǄǆ

ɀā ƴ ƪ˦˯Ḫ Ɨ ƑƓ˶ǃå èåïå̇ ǀǃå îƓ˳ƙå ǑƼ Ɨ˱˯˹˸ǃå þ˗˳ƙ Ǒ˯ǃåā ƗƹïƓƽǃå ˥ǂƓǆǕå èƓơƓ˴ǆā ƴƿå˦ǆ æƓ˴ơā ˗ǒ˗˲ƙā ßƓ˵ǈ
) ðƓǌ˱Ⱥ ǑǄ˻˶ƽ˯ǃå Ơ˴˸ǃå ßå̇ ƞɀā Ɨƪåï˗ǃå Ɨǀˠ˹ǆ ƴƿ˦ǆ ïƓ ˯Ƥå ˤƙ ˣǃ˘ǃ ÜɆƮƓ˲ǃå Ǒǈå̇ ˸ƶǃå ï˦ˠ˯ǃå1230 GPS  (

) ƗǄǆƓḧ˯˸ǃå Ɨˠ˲˸ǃå ðƓǌƞā  ǑơƓ˴˸ǃå06 T.S ˤƛ ú˗ǌǃå ɖ˻ǀ˲˯ǃ (êƓ˯ǈå .Ɨƪåï˗ǃå Ɨǀˠ˹ǆ Ǒˠƺƙ Ɨǀ ʾí Ɨ ï˟ƓƤ 
 Ɨƿíā Ąǚ˻˶ ƽƙ ̇˰ǂá (Ɨ˸ƿï Ɨ˟ïƓƤ) Ɨǆ˦ƪï èƓǈƓƕ ̇Ƽ˦˯ƙ ÿá ïå̇ǀǃå ɏ̆˳˯ǆ ʕǌǒ Ɠǆ ÿã í˦˶ǀ˸ǃåā  ƓǋíƓ˸˯ƵǙ

 ç̆ƽ˹˸ǃå Ɨy Ɠ˹ɣƮǙåā Ɨ́ ˮɣǃå Ɨ̓å̇ƺ˱ǃå ̇ǋå˦sǃå ƴƿå˦˸ǃ ƗǀȺƓɣǆ úå̠ǋǕå ƴƿå˦ǆ ÿ˦ḧƙ ÿá Ɨǀʾ̠ǃå Ɨ˸ƿ̇ǃå Ɨ˟ïƓ˳ǃƓȺ
˗˳˯ƪƓȺ ˣǃîā íƓƶȺǙåā ƴƿ˦˸ǃåā Ɇɜ˵ǃå ˖˻ơ ˥ǆ Ɇǀ˲ǃå ǑƼ) Ƌˠ˳ǃå ƴɁ̇ ˸ǃ Ɋƪ˦˯˸ǃå ï˘˱ǃå ˦ǋ Ǒ˸Ḫ ïƓ ʹǆ þåRoot 

Mean Square=RMS Error   .( 

ƕƨäî˕ǁä ƕƾ˞˷Ǆ ƲƽˤǄ 
 Ɏ˦ùù˹˻ǈ ƗùùsƼƓ˲ǆ íā̠ùùơ ˥˸ùùư ɆƮ˦ ǃ˸å Ɨ˹ǒ̠ǆ æ̇ƹ ýƓ˸Ƭā ̇˴ ȻǕå ɆơƓ˴ǃå ǑƼ ɆƮ˦ ǃ˸å / Ǒ˹ǀ˯ǃå ̠ǌƶ˸ǃå ƴǀȻ

) Ɨùùùơ˦Ǆǃå ǑùùùƼ ˥˻ùùùùˮǆ Ɠùùù˸Ḫ ûå̇ ùùùƶǃå Ɨùùùɂï˦ǌ˸˱ǃ1:a () Ɨùùùơ˦Ǆǃåā ûå̇ ùùùƶǃå Ɨùùùù ï˟ƓƤ1:b Ɠùùù˸Ḫ Ü( ùùùùƙ Ɨùùùùƪåï˗ǃå Ɨùùùǀˠ˹ǆ ˗ùùùǒ˗˲ƙ ˤ
)Subset) ý˦ùù˟ ǑùùˠƤ ˥˻ùùƕ Ǒùù˹ǀ˯ǃå ˗ǌƶ˸ǃå ˙˶˲˹ǒ Ɠ˸Ḫ ÜƗɂ˦˱ǃå çï˦˶ǃå ǏǄƵ (ʇ) (42º09ᾳ40ǌ- 43º08ᾳ40ǌ (
 ùùùùùùùƬ ĄƓƿ̇ ā ô̇ ùùùùùùùƵ ǑùùùùùùùˠƤ)ʒ) (36º23ᾳ20ǌ- 36º22ᾳ40ǌ ùùùùùùùƬ ( ƗùùùùùùùǃƓ˯ǃå Ɨùùùùùùù˸ǃƓƶǃå èƓƛå̠ùùùùùùùơǗƓȺ ï˦ùùùùùùù˶˲˸ǃåā ĄǙƓ˸
)332000 - 335000) èƓƛå̠ơǙåā ÜĄƓƿ̇Ƭ (4027000 Ĳ 4028500 Ƭ (.Ɨ̓å̇ƹ˦ˮ ǃɣå ɊƑå̇˳ǃå ̝ƞ˦˸ Ⱥ ĄǙƓ˸ 

) ƗùùƺǃƓ ǃåā Ɨ ʼƓùù˶ǃå Ɨùùƪåï˗ǃå Ɨǀˠ˹ǆ ƗơƓ˴ǆ æƓ˴ơ ˤƙ884300 ˙ùù˯ǆ2 = 353.72 ˗ùùƶȺ (ˤùùǈāí  ƗơƓùù˴ǆ ë̇ ùù˟
) çð˙ƽ˸ǃå ƴˠǀǃå1/2 ā ()1/6 ˥ùùǆ ɆùùƮ˦ ǃ˸å ƗùùƶǆƓƞ Ɇˮƿ ˥ǆ ƗǄƺ˯˴ ǃ˸åā ̇ƽƮǙå ÿ˦ǄǃƓȺ (æ Ü á) ðāƓ˱˯ǃå Ǒ˯ǀɣ˹ǆā (

Ɨơ˦ǄǃƓȺ Ɨ˲ư˦ǆ Ɠ˸Ḫ Ɨ Ǆḧǃå ˗ǌƶ˸ǃå ƗơƓ˴ǆ )1:c .( 
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           Ɨǀˠ˹ǆ ìƓ˹ǆ ˙ˮ˯ƶȻ  Ɨƪåï˗ǃå ̊ɂā ÜĄßƓ˯Ƭ ̇ˠ˸ǆ íïƓɁā ĄƓƽƮ úƓƞ ïƓơåíí  ǑǄ˶Ƽ ǑƼ ɏ̇ˠ˸ǃå ɊƿƓ˴ǃå
 ɏ̇ˠ˸ǃå ɊƿƓ˴ǃå ý̠ƶǆ ̝ ơ˴ ̟ ơ˻ ƴɁ̇ǃåā ßƓ˯˵ǃå  ǉïå˗ǀǆā)mm365 èƓǆ˦Ǆƶ˸ǃå ǏǄƵ ĄåíƓ˸˯Ƶå Ɨƪåï̠ǃå Ɨǀɣ˹ǆ ǑƼ (

˲ǆ ˥ǆ çî˦ƤƋ˸ǃåù Ǒǋā ƗȻ˗˻Ƭ̇ ǃå Ɨˠ æ̇ ƿá Ɨˠ˲ǆ Ɨɂ˦ƞ ßå˦ǈá ā) ˗ƶȺ ǏǄƵ Ɨƶƿå3  Ɨƪåï˗ǃå Ɨǀˠ˹ǆ æ̇ ƹ ýƓ˸Ƭ (ˤḪ
) ç̇ ˯ƽǄǃ1960 Ĳ 2013( Ü  ǑƼ ƗƮƓƤā ˃ ˶ǃå Ɇ˶Ƽ ǑƼ ƓǌƙǙ˗ƶǆ ǏǄƵá Ǐǃã Ɇ˶˯Ƽ çïå̇ ˲ǃå èƓƞï˗ǃ Ɨ ˴˹ǃƓȺ Ɠǆá
 ̇ ǌƬ ɏ ð˦˸ƙ)  íā˗˲Ⱥ ï˗ǀƙ ˖˻ơ æàā46.5ºC ( æƓ˴ơ ʕƙā çïå̇ơ ̇ǌƬǕå Ɇƿá ̇ˮ˯ƶ̓ ǑǈƓ˰ǃå ÿ˦ǈƓḪ ̇ǌƬ Ɠǆáā

Ǌƙïå̇ ơ èƓƞïí ý˗ƶǆ )6.0º C (ǙƓȺ ÜèǚƮå˦˸ǃåā Ɇǀ˹ǃå çïåðā) Ɨɂ˦˱ǃå ßå˦ǈǖǃ ƗȻ˗˻Ƭ̇ ǃå Ɨˠ˲ǆ ǏǄƵ íƓ˸˯Ƶ
2013(. 

 Ɨǀˠ˹ǆ ƗɁ̇ ƙ  Ɨƪåï˗ǃå  ƴǆ ˥ɂ̇ƺǃåā Ɇǆ̇ǃåā ˥˻ɣǃå ˥ǆ ÿ˦ḧ˯ƙ Ǒ˯ǃå ßå̇˲˸ ǃå Ɨ˹ǃˮå ƗɁ̇˯ǃå ÷Ɠɣƿ ˥ ư˸ ƴǀƙ ǑǌƼ
 ˣǈï˦˻ƕ ˤ ˴ǀƙ ˔˴ơ ˛Ǆḧǃå ƴǆ ÷Ɠƽƙïå Ɨ ˴ǈ ā Ɠǌ˻Ƽ Ɨɂ˦˷ƶǃå çíƓ˸ǃå ǑǋǄǃ Ɨ˲ǃƓƮā ú̇ ˶ǃå ç˗˻ƞ Ɠǌ˻Ƽ ˦˸˹ƙā ƗƵåï˚

èå̇ ˻˱˵ǃåā æƓ˵ƵǕå )1960Buringh,  ( . 
) ƸǄˮǒ Ɨƪåï˗ǃå Ɨǀˠ˹ǆ ý˦˟m1100) ˦ǋ Ɨƪåï˗ǃå Ɨǀˠ˹˸Ⱥ ïå˗˲ǈå ǏǄƵá Ü(9.954%  íƓ˸˯ƵǙƓȺ ǊȺƓ˴ơ ˤƙā (
) ƗƺǃƓ ǃåā æ˦˴˹ǆ Ɨˠǀǈ ǏǄƵá ǏǄƵm257 ̇ ǃ˲å Ơɣƪ Ɏ˦˯˴ǆ û˦Ƽ () Ɨƶˠǀǃå ǑƼ Ɨƶƿå˦ǃåā2/1 ( Ɨˠǀǈ Ɇƿáā

) ƸǄˮƙ Ɠǌ˻Ƽ æ˦˴˹ǆm230(  þƓǆá ƴǀƙāǃå  ƸǄˮǒ ˥˻˯ˠǀ˹ǃå ˥˻ƕ ƗƼƓ˴˸ǃåā ɆƮ˦˸ǃƓȺ Ǒ˹ǀ˯ǃå ˗ǌƶ˸Ǆǃ ǑǆƓǆǙå ɆƤ˗˸
)m271.251) ˤƿï ƗǃíƓƶ˸ǃå ǏǄƵ íƓ˸˯ƵǙƓȺ ïå˗˲ǈǙå æƓ˴ơ ˤƙā (1 ǑƼ Ɨɂ˦ǀǃå ý˦˻˸ǃå ˞ƶȺ ˗ƞ˦ƙ Ɠ˸Ḫ Ɨ ǃƓ˯ǃå (

 Üÿā̇Ƥàā Ü̇ɜǃå) Ɠǌ˹ǆ Ǒƿ̇˵ǃå æ˦˹˱ǃåā æ˦˹˱ǃå1993 ()Barry, 2003 (   
Gradient for studied Area = (Difference in Elevation/True distance) * 100 - - - - - (1)  

Maximum Gradient for study Area = {(257-230) / 271.251} * 100 = 9.954% 

 

 Ā Ʉ˶ƴǁä ƕƾɀ˗˝ƕǄ˕˱˭˲˶ǁä ìäˤ˶ǁä 
       Ⱥ ˥Ƶ ïƓƶ˵˯ƪǙå èƓ ˹ǀƙ ˥ǆ çíƓƽ˯ƪǙå ˕˸ƙ  ƣɂïƓ˯ƕ çî˦ƤƋǆ ɆƮ˦˸ǃå Ɨ˹ǒ˗˸ǃ Ɨ˲˲˶ǆ (Ɨɂ˦ƞ çï˦Ʈ) ˗ƶ
)2008 ) Ɨ ǈƓɜǆ Ɨƿ˗ƕ (þ10*10 (ˤƪ ) Ɨơ˦ǄǃƓȺ Ơư˦ǆ Ɠ˸Ḫ1:d ƝǆƓǈ̇ Ɂā ( Ǒǀ ˮˠƙ Ɨ ʼå̇ ƺ˱ǃå èƓǆ˦Ǆƶ˸ǃå ˤˢ˹ǃ
)Software ˦ǋ ()10.3 Arc Map GIS) Ɠǋí̠Ƶā ĄƓǄǀơ çí˦Ʈ̇ ǃ˸å ǑưïǕå Ɋ˷ ǃå ɉƓǀǈ ƴƿå˦ǆ ̞ ˻ˮ˯˰ǃ (16  (

 ˤ ʾ æƓ˴˲ǃ)Root Mean Square = RMS Error ƴɁ̇ ˸ǃ Ɋƪ˦˯˸ǃå ï˘˱ǃå ǊȺ Ǒ˹ƶǈā Ɨƪåï˗ǃå Ɨǀˠ˹ǆ ƴƿ˦˸ǃ (
 Ɨǆ˦ƪ̇ǃå èƓǈƓˮǃƓȺ ɉƓǀ˹ǃå ƓǌǄ˰˸ƙ Ǒ˯ǃå ƴƿå˦˸ǃå ƴǆ ĄƓǄǀơ çí˦Ʈ̇ ǃ˸å ƴƿå˦˸ǃå ƗǀȺƓɣǆ Ɏ̠ǆ í̠˲Ȼ ̇Ƭ˓ǆ ˦ǋā Ƌɣ˳ ǃå

 (Ɨ ˸ƿ̇ ǃå Ɨˠɂ̇ ˳ǃå)) ˗Ʈï ˤƙ Ɠ˸Ḫ10Ǆ˸Ƶ ƗƪƓơ þå̠˳ ƪ˯å ʕƙ ÜɎ̇Ƥá (Ɨʿʾ̠ƙ) çƓǋƓ˷ǆ ɉƓǀǈ ( ÜèƓȺƓ˴˲ǃå ßå̇ ƞǗ Ɨ
) Ɨơ˦Ǆǃå ˤƪ̇ ǃ Ɨ ƪ˗˹ǋ èåāíáā ˙˻ˮ˲ƙ þǚƿáā1:a) Ɨơ˦Ǆǃåā (1:b ƝƑƓ˯˹ǃåā èƓơ˦Ǆǃåā ýāå˗˱ǃåā ˖˲ ǃå ƗƵƓ ˠǃ æ˦ƪƓơā (

:Ɨ ǃƓ˯ǃå èå˦ˠ˳ǃå ɖƼā 

1- ) ˥˻˯ơ˦ǄǃƓȺ Ơư˦ǆ Ɠ˸Ḫ Ɨɂ˦˱ǃå çï˦˶ǃåā ûå̇ ƶǃå Ɨ ï˟ƓƤ ǏǄƵ Ɨƪåï˗ǃå Ɨǀˠ˹ǆ èí˗ơ1:a () ā1:b.( 
2-  Ɨùùùƪåï˗ǃå Ɨùùùǀˠ˹ǆ íā˗ùùùơ ˕˲ùùù˴ǆ Ɨùùùˠ˲˸ǃå ðƓùùùǌ˱Ⱥ ðāƓùùù˱˯ǃå ɖ˟Ɠùùù˹ǆā çð˙ùùùƽ˸ǃå ƴùùùˠǀǃå ƗơƓùùù˴ǆā Ɠǌ˯ơƓùùù˴ǆ ˕ˮùùù˴ơā

) ÷˦ ǈ ƗǄǆƓḧ˯˸ǃå06 T.S () Ǒǋā çð˙ƽ˸ǃå ƴˠǀǃå ƗơƓ˴ǆ èí˗ơā1/2 , 1/6) èåðāƓùù˱˯ǃå ɖ˟Ɠ˹ǆ ƗơƓ˴ǆā (á (æ Ü
 ˗ǌƶ˸ǃå ôïá ƗơƓ˴ǆ ˥ǆ ˤǌ˸ ʾ ë̇ ˟ā) Ɨơ˦ǄǃƓȺ ƝƑƓ˯˹ǃå è̇ ǌˡåā1:c(. 



 ) Ɨ˸ ʾ æƓ˴˲ǃ Ɨ Ɂ˦ƪƓơā Ɨ ơƓ˴ǆ èƓ ˹ǀƙ þå˗˳˯ƪåR.A) ā (RMS˳ǃ (Ɨ ˸ƿï Ɨ ï˟Ɠ...... 5 

3- ) ßƓùù˵ǈã ˤùùƙ4) Ɨ ùùƪƓƪá Ɨ˲Ǆùù˴ǆ èƓ ùùƮ (Ground Control Point=G.C.P) íƓùùƶȺƋȺ (2  Ã2  Ã1 ɉƓùùǀ˹Ḫ þ(
 Ɇɜùù˵ǃå ƴùùɁ̇ ǆ ˕ùù˻Ǆƕ Ɠùùǌ˻Ƽ ˕ùùˮƛ Ɠùù˸Ḫ ƴɂïƓùù˵˸ǃå ˘ùù˻ƽ˹ƙ ǑƼ ˗˸˯ƶ˯ǃ Ɨ ǃƓƶǃå Ɠǌ˯ƽǄḧǃ ˗ǌƶ˸ǃå çíƓ˸Ƶ Ɇˮƿ ˥ǆ Ǒưïå Ɋ ư

) íƓùùƶȺƋȺ25Ã25) ˕ùù˻ˮ˰ƙ ˤùùƙ Ɠùù˸Ḫ Ơùù˴˸ǃå ßå̇ ùùƞã ô̇ ùùƺǃ (Ɠùùǌ˻ǄƵ Ɨùùǀ ʾí ƗùùǆǚƵ ƴùùưā) Ɠùùǌ˸ Ǆƶƙ ˤùùƙā ˤùùƪ (6 ɉƓùùǀǈ (
Ḫ ̇˻ǆƓ˴˸Ⱥ Ɏ̇Ƥá) ā Üû̇ùùɣǃå ÿ˦ù˯ù˴Ɂ̇Ḫ ɆùùƮƓƽǆā ǑùùƬƓ˸˸ǃå èƓùùƮ ǏǄƵ Ɨ˯ɂ̇ḧǈ˦6 ̝ ù˻ù˷ǀȺ ̞ùù˯ˮƛ Ɏ̇ùùƤá ɉƓùùǀǈ (
) ˙ùùˠǀȺ Ơ Ǆùù˴ƙ1 ) ɉƓùùǀ˹ǃå í̠ùùƵ ÿ˦ùùɜǃ Ɨùùƪåï̠ǃå Ɨùùǀɣ˹ǆ þ˦ùù˸ƶȺ Ɨùùơ˦˯ƽ˸ǃå ɖ˟Ɠùù˹˸ǃåā ɖƑå̠ùù˲ǃå ǑùùƼ (Ɲùùǈã16 Ɨùù˭˻ǌǆ (

) ú̇ ơǕƓȺ á˗ˮƙ ˗Ʈ̇ ǄǃA,B,C,D, é to P(. 
4- ) è˗ùùƮï4 Ɨ ùùưïá ç̇ ˠ ùùƪ ɉƓùùǀǈ ()G.C.P (Ǖå ɉƓùùǀ˹ǃå Ǒùùǋā) Ɨ ùùƪƓƪA, B, C,D) ðƓùùǌ˱Ⱥ (1230 GPS( 

) íā˗ùù˲Ⱥ Ɨùùˠǀǈ ɆùùḪ ˗ùùƮï ˤùùƙā ǑơƓùù˴˸ǃå35  ëāå̇ ùù˯ƙ Ɨùùƿ˗ƕ Ɨ ʸƓ˹ùù˶ǃå ïƓùù˸ƿǙå ˥ùùǆ ˤǌƙƓ ƛå˗ùùơã óǚ˳˯ùùƪǙ (Ɨùùǀ ʾí
)2-5 ) ç˗˸ǃ è˗Ʈï Ɨˠǀǈ ɆḪā (ˤƪ35 ) ˤƿï ýā˗˱ǃƓȺ ˤǌ˸ ʾ ˕˯ˮƛā (Ɨǀ ʾí1ɉƓǀǈ ǑƿƓȺ ˗Ʈï ǑƼ ƓǋíƓ˸˯ƵǙ ( 

Ɠḧ˯˸ǃå Ɨˠ˲˸ǃå ðƓǌ˱Ⱥ Ɨƪåï˗ǃå Ɨǀˠ˹ǆ) ƗǄǆ06T.S) Ɨơ˦ǄǃƓȺ Ơư˦˸ǃå (2:a( . 

 ýā˗˱ǃå1: ǃå ɉƓǀ˹ǃ Ɨ ǃā˗ǃå èƓ ƛå˗ơǗå  Ɨ ưïǕå ç̇ ˠ ˴)A,B,C,D () ðƓǌ˱Ⱥ ƗƪƓǀ˸ǃå1230GPS( 
Sta. X Y Z Remarks 

A 333993.327 4027668.983 245.925  ) Ɨ ưïá ç̇ ˠ ƪ ƗˠǀǈG.C.P˗ǌƶ˸ǃå ˔ƶǄ˸Ⱥ ç̇ ˱˵ǃå æ̇ ƿ ( 
B 333960.297 4027783.183 244.468 ) Ɨ ưïá ç̇ ˠ ƪ ƗˠǀǈG.C.P ˗ǌƶ˸ǃå ˔ƶǄ˸ǃ ˥˻ƞ̇ ƽ˯˸ǃå êï˗˸Ⱥ ( 
C 334081.607 4027888.514 243.640 ) Ɨ ưïá ç̇ ˠ ƪ ƗˠǀǈG.C.P(     ˗ǌƶ˸Ǆǃ ǑƽǄ˳ǃå æƓ ǃå êƓ ƪ æ̇ ƿ 
D 334066.076 4027715.261 244.908 ) Ɨ ưïá ç̇ ˠ ƪ ƗˠǀǈG.C.P ̠ ǌƶ˸ǃå ˔ƶǄ˸ǃ ýā˚˹ǃå êïí æ̇ ƿ ( 

5- ƶǃå èƓȺƓ˴˲ǃå ßå̇ ƞá ˤƛ) ˥˻˯ˠǀ˹ǃå ˥˻ƕ Ɨ ˴ɜA,B çí˦Ʈ̇ ˸ǃå ˤǌƙƓ ƛå˗ơã ˥ǆ Ɠ˸ǌ˹˻ƕ ǉƓ˱ƙǙåā ý˦ˠǃå æƓ˴˲ǃ (
) ðƓǌ˱Ⱥ1230 GPS  Ɠǌ˯ǈïƓǀǆ ˤ˯˻ǃ Ɨ ǃƓ˯ǃå ƝƑƓ˯˹ǃå ǏǄƵ ý˦˶˲ǃå ˤƙā Ɨ ǃƓ˯ǃå Ɨ ưƓɂ̇ ǃå èǙíƓƶ˸ǃå ɖƼā ǑơƓ˴˸ǃå (

) ðƓǌ˱Ⱥ ĄƓǄǀơ çí˦Ʈ̇ ǃ˸å ƴǆ06T.S  :ǑǄǒ Ɠ˸Ḫā ( 
\ æEAB = EB ï EA    - - - - - (2)       

\ æEAB = 333960.297 ï 333993.327 = - 33.030m 

\ æNAB = NB ï NA   - - - - - (3)  

\ æNAB = 4027783.183 - 4027668.983 = + 114.200m 

\Length AB = ã (æE)2  + (æN)2  - - - - (4) 

\Length AB=ã(- 33.030)2 +(114.200)2 =118.881m  measured By (GPS1230) 

\ᾔ AB = tan-1 (æE / æN)   - - - - - (5) 

\ ᾔ AB = (- 33.030m) / (+ 114.200m) = 16Á 07ǋ 53ǌ  ЙϠϜϽЮϜ ЙϠϽЮϜ сТ 

\ AZ.AB = 360º - ᾔAB   - - - - - - (6) 

\ AZ.AB = 360º  - 16Ü  07ǋ 53ǌ  = 343Ü 52ǋ 07ǌ  

) Ɨˠǀ˹ǃå èƓ ƛå˗ơã ˕Ǆ˸ơ ˤƛA ) ðƓǌ˱Ⱥ (06T.SƓ ʾ ˤƙā () Ɨˠǀǈ èƓ ƛå˗ơã ñB ý˦ˠǃåā ǉƓ˱ƙǙå ɖ˻ƿ˗˯ǃ ǊȺ (
) ˥˻˯ˠǀ˹ǃå ˥˻ƕ ñƓǀ˸ǃåA,B èǙíƓƶ˸ǃå ɖƼā æ˦˴˲˸ǃå ƴǆ (:Ɨ ǃƓ˯ǃå 

\ Length AB = 118.883m measured By (T.S 06)  

\ Error in measured distance = 118.883 ï 118.881 = 0.002m 

\ Relative Accuracy (R.A)AB  = )
  Distance True

(
Error

 - - - - - - (7) 
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\ Relative Accuracy (R.A)AB  = 
60000

1

59442

1

883.118

002.0
)

  Distance True
( º==

Error
  

      ÜǑ˶ǃƓ˳ǃå)1982 Üÿā̇Ƥàā Üþ˦Ǆƪ) (1983) (Andrew, 2001 .( 
) Ɨ ưïǕå ç̇ ˠ ˴ǃå ɉƓǀǈ ƴɂð˦ƙ ˤƙ **Ground Control Point=GCP Ɠǋí˗Ƶā Ɨƪåï˗ǃå Ɨǀˠ˹ǆ þ˦˸ƶȺ ƗƵð˦ǆ (

)16ƙ çƓƵå̇ ǆ ˤƙ Ü(  ˤƛ Ɨ ˹ǆǕå èƓưå̇ ˯ƵǙå ˔˹˱˯ǃ ˗ǌƶ˸ǃå íā˗ơ êïƓƤ Ɠǌƶưā Ɠ˹ˮ˹˱ƙā Ɠǌ˹˻ƕ Ɠɂâ˙ǃå ýíƓ
) ÷˦ ǈ ƗǄǆƓḧ˯˸ǃå Ɨˠ˲˸ǃå ðƓǌ˱Ⱥ è˗Ʈï06T.S ) ÷˦ ǈ ǑơƓ˴ǆ Ɨɂ˦˴ƙ ðƓǌƞā (2Level NAK Ɨƿí çíƓɂ̊ ǃ (

çí˦Ʈ̇ ˸ǃå ɉƓǀ˹ǃå ˛ƽǈ ˔˻ƪƓ˹ǆ ˥Ƶ ɉƓǀ˹ǃå ˔˻ƪƓ˹ǆ  Ʉƶ˷Ȼ ǊȺ ˔˻ƪƓ˹˸ǃå ˗Ʈï ÿǕ ƗǄǆƓḧ˯˸ǃå Ɨˠ˲˸ǃå ðƓǌ˱Ⱥ
 ̨ ǂƓƶǃå ɆǆƓơ ˗ǒ Ơǈ̇ ˯ǃ ˣǃîā ˕ƿ˦ǃå ïā˙˸Ⱥ  ÿāí ǊǄƵ ̨ǂƓƶǃå ɆǆƓơ ̠ǒ Ɋƺư Ɨ˱ ǈ˯ ̨ǂƓƶǃå ÷åïî ýā̊ǈā

Ɨƿíā ðƓǌ˱ǃå èǚɂ˦˲ƙ ç̇ ˰Ḫā ǉï˦ƶƬ  ˕ǈƓḪā ˔˻ƪƓ˹˸ǃå Ɨƿí Ʉƶ˷Ȼ Ǌ ʼ Ǌ˯˸ ʾ ýƓƤíɀā ðƓǌ˱ǃå ÷Ɠƽƙïå ñƓ ʾ
) ˤƿï ýā˗˱ǃƓȺ Ɨ˯ˮ˰ǆ Ɠ˸Ḫ ƝƑƓ˯˹ǃå2) Ɨơ˦ǄǃƓȺ ɉƓǀ˹ǃå ǉ˘ǋ ˚ǆïā (2:bƤ ɉƓǀǈ) Ǒǋ ( .(ÿ˦Ǆǃå ßå̇˷ 
) Ɨơ˦ǄǃƓȺ (ßå̇ ˸˲ǃå ɉƓǀ˹ǃå) **2:b) Ɠǋí˗Ƶā ˖˲ ǃå ƝƑƓ˯ǈ ɖ˻ƿ˗˯ǃ çí˦Ʈ̇ ǆ çƓǋƓ˷˸ǃå ɉƓǀǈ Ǒǋ (10.( 

 ýā˗˱ǃå2: ) ùǃ Ɨ ǃā˗ǃå èƓ ƛå˗ơǗå16(  çí˦Ʈ̇ ǆ Ɨˠǀǈ) ðƓǌ˱Ⱥ06T.S ǑơƓ˴˸ǃå (. 
St. Easting (m) Northing (m) R.L (m) Remarks & Notes 

A 333993.327 4027668.983 245.925   ˔ƶǄ˸ǃå ǏǄƵ ƗǄˠ˸ǃå ç̇ ˱˵ǃå æ̇ ƿ 
B 333960.297 4027783.187 244.470   þ˗ǀǃå ç̇ Ḫ ˔ƶǄ˸ǃ ˥˻ƞ̇ ƽ˯˸ǃå êï˗ǆ ɄǄƤ 
C 334081.607 4027888.514 243.647    ˗ǌƶ˸Ǆǃ ǑƽǄ˳ǃå æƓ Ǆǃ ü˦Ǆˮǃå êƓ ƪ æ̇ ƿ 
D 334066.076 4027715.261 244.911   Ɨ ʾ̇ ˵ǃå Ɨ ơƓ˹ǃå ˔ƶǄ˸Ǆǃ ýā˚˹ǃå êïí æ̇ ƿ 
E 334049.027 4027653.948 246.485  Ɨˠǀǈ(B.M) ç˗ǃ˦˸ǃå ƗȻƓ˹ƕ æ̇ ƿ   
F 333969.493 4027481.608 246.769    Ɨ ˯ɜ˸ǃå ƗȻƓ˹ƕ ˥Ḫï æ̇ ƿ 
G 334095.108 4027435.185 244.182  Ɨ ʽǄ˳ǃå çíƓ˸ƶǃå ƗǀȻ˗ơ ǑƼ 
H 334053.233 4027439.297 243.139  çíƓ˸ƶǃå êå̇ Ḫ æ̇ ƿ ÿǚ˲ǃå Ɨɂāå̊ ƕ 
I 334070.312 4027514.683 247.288  ˤ˴ǀǃƓȺ óƓ˳ǃå ÷ïƓ˵ǃå ˥˻˸Ȼ í˦ƶ˶ǃå Ɨɂāå̊ ƕ 
J 334114.211 4027809.238 244.500 ƗưƓɂ̇ǃå ƗƵƓǀǃå Ɇˮƿ ÿ˦Ƽ̠˸ǃå ÿå̊˳ǃå æ̇ƿ 
K 334325.382 4027764.487 244.945 ǑǃƓƶǃå ßƓ˸ǃå ÿå̊ Ƥ æ̇ ƿ 
L 334299.073 4027654.880 244.923 ɂ̇ ˮ˯ǃå èå̇ ˮ˯˳ǆ æ̇ ƿ ˃ Ʈ̇ ǃƓȺ ˃ ˻ḧ˯ǃåā ˗  
M 334110.532 4027528.988 249.351  Ǐ˵˸˸ǃå ǑƼ ƗơƓ˴˸ǃå ˤ˴ƿ ƗȻƓ˹ƕ æ̇ ƿ  
N 334207.267 4027491.705 249.294  ƴǆƓ˱ǃå Ǐǃã ɏí˓˸ǃå êï˗ǃå ˥˻˸Ȼ 
O 334235.221 4027572.167 246.068  êïå˗˸ǃå ɆƕƓǀǆ Ɨ ˮˠǃå þƓ˴ƿǕå ƗȻƓ˹ƕ ˃ Ʈ̇ ƕ 
P 334316.062 4027552.490 242.904 ƓȺƗɂïåíǗå þƓ˴ƿǕå ƴ˟Ɠǀ˯ǃ ˙˴ȻǕå ˃ Ʈ̇ ǃ 

 ɉƓǀ˹ǃå èƓ ƛå˗ơã æƓ˴ơā ˗Ʈï ˤƙ **)C, D, E, F, G, H.I, J, K, L, M, N, O, P Ɨˠ˲˸ǃå ðƓǌ˱Ⱥ (
) ƗǄǆƓḧ˯˸ǃå06 T.S ) Ǒ˯ˠǀǈ ǏǄƵ íƓ˸˯ƵǙƓɁā (A āB) ðƓǌ˱Ⱥ çí˦Ʈ̇ ˸ǃå (1230GPS ɖƼā ǑơƓ˴˸ǃå (
èǙíƓƶ˸ǃå  :Ɨ ǃƓ˯ǃå)Walter, 1999̪Raymond) Ü(Jan, 2001  .( 

\ æE = Length of AB * Sin AZ of side AB    - - - - - - (8) 



 ) Ɨ˸ ʾ æƓ˴˲ǃ Ɨ Ɂ˦ƪƓơā Ɨ ơƓ˴ǆ èƓ ˹ǀƙ þå˗˳˯ƪåR.A) ā (RMS˳ǃ (Ɨ ˸ƿï Ɨ ï˟Ɠ...... 7 

\ æN = Length of AB * Cos AZ of side AB   - - - - - - (9) 

\ EB = EA + æE = EA + Length of AB * Sin AZ.AB - - - (10)  

\ NB = NA + æN = NA + Length of AB * Cos AZ.AB   - - - (11) 

\ RLB=RLAÑ æL= RL A + I height for Instrument ± V ï hr height of reflector  - - - - (12) 

 

6-  ˕ǄƤíá) ƝǆƓùùǈ̇ ˮƕ çí˦Ʈ̇ ˸ǃå èƓǈƓ ˮǃåExcel 2013) Ɨƺ ùù˶Ⱥ ˕ùùˢƽơ ˤùùƛ (Note PadƝǆƓùùǈ̇ ˮƕ ƓùùǌǃƓƤíã ˤ˯ùù˻ǃ ( 
)10.3 GIS Map Arc) Ɨ ˲ˠƪ Ɨǀ ˠḪ (Surface Ɠ˸Ḫ () Ɨơ˦ǄǃƓȺ2:b.( 

7- ) Ɨ ùùưïǕå ç̇ ˠ ùù˴ǃå ɉƓùùǀǈ ƴùùƿå˦ǆ ƴùù ʾ˦˯ƕ Ɠùù˹˸ƿGround Control Point = (G.C.P) ɉƓùùǀ˹Ḫ ( (Ɨùùɂ̇ Ƒåí) ǑùùƼ
 ĄƓùùǄǀơ çí˦ùùƮ̇ ǃ˸å ƗơƓùù˴˸ǃå ʕǌƙƓƛå̠ùùơã ǏùùǄƵ íƓùù˸˯ƵǙƓȺ Ɨùùɂ˦˱ǃå çï˦ùù˶ǃå ǏùùǄƵ Ɨùùƪåï̠ǃå Ɨùùǀɣ˹ǆ ƴùùƿ˦ǆ ˥ùùǆ ýā˗ùù˱ǃå

)2 Ɨ˲ư˦˸ǃåā () Ɨơ˦ǄǃƓȺ2:b(. 
8- ˶ǆ Ɨǆ˗˳˯˴˸ǃå Ɨɂ˦˱ǃå çï˦˶ǃå) Ɨɂ̊˻˻ ƙ˸ Ɨƿí èåîā ĄƓƪ̠ǋ˹ Ɨ˲˲10Ã10 .(ˤƪ 
9- ) Ɨ˸ ʾ ˕ˮ˴ơRoot Mean Square = RMS Error ƗùùǀȺƓˠǆ Ɏ˗ùùǆ ˗ùùǒ˗˲˯ǃ Ƌˠ˳ǃå ƴɁ̇ ˸ǃ Ɋƪ˦˯˸ǃå ï˘˱ǃå (

 ǑùùƼ ǑùùǄƶƽǃå ƴùùƿå˦Ǆǃ Ɨ ǆ˦ùùƪ̇ ǃå èƓùùǈƓ ˮǃå ƓùùǌǄ˰˸ƙ Ǒùù˯ǃå ƴùùƿå˦˸ǃå Ɨùùǀˠ˹ǆ ßå̊ ùùƞá ɆùùḪ Ɨùùƪåï˗ǃå ÜþƓùùƪā)2008 Ü˚ùùɂ̊ Ƶ) Ü(
2000 èǙíƓùùùƶ˸ǃå ɖùùùƼā ((16,15,14,13) ) ýā˗ùùù˱ǃƓȺ Ɨ˲ùùùư˦˸ǃå èƓùùùǈƓ ˮǃåā1) ā (2 ˤ ùùùʾ æƓùùù˴ơ ˤùùùƙ ˖ùùù˻ơ (
) ýā˗˱ǃå3Ɠǌǀˮɣ ǃ˯ èƓƛå̠ơǗå û̇Ƽ Ɇ˰˸ƙ Ǒǋā (  èǙíƓƶ˸ǃƓȺ (16,15,14,13) Ɨùùɂ˦˱ǃå çï˦ùù˶ǃå ˥ǆ çî˦ƤƋ˸ǃåā

) Ɨơ˦ǄǃƓȺ Ɠ˸Ḫ Ɇǀ˲ǃåā2:c( . 

) ýā˗˱ǃå3) èƓ ƛå˗ơã (16) ùƕ çí˦Ʈ̇ ǆ Ɨˠǀǈ (1230 GPS) ā (06T.S ) Ɨɂ˦˴˯ǃå ðƓǌƞā (2 AKN ( 
Point Measured By (T.S 06) Measured By (Arc Map GIS 10) 

& Level (NAK 2) 

Differences in Coordinates 

Er Nr R.L r Ed Nd R.L d (Ed ï Er) 2 (Nd ï Nr) 2 (R.L  d -R.L r)
2 

A 333993.327 4027668.983 245.925 333993.327 4027668.983 245.925 0.000000 0.000000 0.000000 

B 333960.297 4027783.187 244.470 333960.535 4027783.345 244.468 0.056644 0.024964 0.000004 

C 334081.607 4027888.514 243.647 334081.635 4027888.540 243.640 0.000784 0.000676 0.000049 

D 334066.076 4027715.261 244.911 334066.177 4027715.192 244.908 0.010201 0.004761 0.000009 

E 334049.027 4027653.948 246.485 334049.055 4027653.923 246.485 0.000784 0.000625 0.000000 

F 333969.493 4027481.608 246.769 333969.399 4027481.628 246.776 0.008836 0.000400 0.000009 

G 334095.108 4027435.185 244.182 334095.115 4027435.298 244.190 0.000049 0.012769 0.000064 

H 334053.233 4027439.297 243.139 334053.230 4027439.399 243.144 0.000009 0.010404 0.000025 

I  334070.312 4027514.683 247.288 334070.322 4027514.595 247.296 0.000100 0.007744 0.000064 

J 334114.211 4027809.238 244.500 334114.220 4027809.342 244.493 0.000081 0.010816 0.000049 

K 334325.382 4027764.487 244.945 334325.362 4027764.580 244.949 0.000400 0.008649 0.000016 

L  334299.073 4027654.880 244.923 334299.162 4027654.967 244.928 0.007921 0.007569 0.000025 

M 334110.532 4027528.988 249.351 334110.649 4027528.875 249.354 0.013689 0.012769 0.000009 

N 334207.267 4027491.705 249.294 334207.365 4027491.833 249.301 0.009604 0.016384 0.000049 

O 334235.221 4027572.167 246.068 334235.433 4027572.300 246.067 0.044944 0.017689 0.000001 

P 334316.062 4027552.490 242.904 334316.166 4027552.598 242.897 0.010816 0.011664 0.000049 

Ɇ ----------- ----------- 3928.801 ----------- ----------- 3928.821 0.164862 0.147883 0.000422 

 
 

\ RMSE = {(Ed - Er)2) / n)}½  - - - - - - - (13)  

\ RMSN = {(Nd - Nr)2) / n)}½  - - - - - - - (14)   

\ RMSR = {[(RMSE)2 + (RMSN)2] / 2}½  - - - (15)   

\ RMSRL for Elevations = 2

1

)
n  

R.Lr)2-(R.Ld
(
ä

  - - - - - (16) 
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\ RMSE = {(0.164862) / 16)}½ = ± 0.102m     (13) ϣЮϸϝЛгЮϜ ХТм  

\ RMSN = {(0.147883) / 16)}½ = ± 0.096m     (14) ϣЮϸϝЛгЮϜ ХТм 

\ RMSR = {(0.102)2+(0.096)2/2}½= ±0.099m     (15) ϣЮϸϝЛгЮϜ ХТм 

\ RMSRL for Elevations = {(0.000422/16)}½ = ± 0.005m (16) ϣЮϸϝЛгЮϜ ХТм   

) **n.çí˦Ʈ̇ ˸ǃå ɉƓǀ˹ǃå í˗Ƶ ( 
) **E d, N d, R.L dХзЮϜ ϤϝуϪϜϹϲϖ (ƿ̇ ǃå Ɨ ï˟Ɠ˳ǃå) ˥ǆ çî˦ƤƋ˸ǃå Ɨ˟) Ɨơ˦Ǆǃå (Ɨ ˸2:c.( 
) **r R.L, r N, r E) ðƓǌ˱Ⱥ çí˦Ʈ̇ ˸ǃå Ɨˠǀ˹ǃå èƓ ƛå˗ơã (06T.S .ĄƓǄǀơ ( 
) **E RMS   ÜN RMS .ɏí˦˸ƶǃåā ǑǀƼǕå ˥˻ǋƓ˱ƙǙƓȺ (ƗơåðǗå) Ƌˠ˳ǃå ƴɁ̇ ˸ǃ Ɋƪ˦˯˸ǃå ï˘˱ǃå ( 

) Ɨ˸ ʾ **R RMSǑƪå̇ ǃåā ǑǀƼǕå ˥˻ǋƓ˱ƙǙå ǑƼ Ƌˠ˳ǃå ƴɁ̇ ˸ǃ Ɋƪ˦˯˸ǃå ï˘˱ǃå) ƗơåðǗå ƗǄ˶˲ǆ ( .( 
) Ɨ˸ ʾ **Elevations forRL RMS.˔˻ƪƓ˹˸ǃå ƋˠƤ ƴɁ̇ ˸ǃ Ɋƪ˦˯˸ǃå ï˘˱ǃå (  

 
ƕ˳ƽƑ˷˶ǁäĀ ƛƏƑ˭˷ǁä 

       ) ýā˗˱ǃå ǑƼ èƓǈƓ ˮǃå þå˗˳˯ƪƓȺ3) èǙíƓƶ˸ǃå ǑƼ ˞ɂ˦ƶ˯ǃåā (16,15,14,13(   Ƌˠ˳ǃå ƴɁ̇ ǆ Ɋƪ˦˯ǆ ÿá ˥˻ˮƙ
) ǑǀƼǕå ǉƓ˱ƙǙƓȺm= ± 0.102 ERMS) Ǒƪá̇ ǃå ǉƓ˱ƙǙåā (m= ± 0.096N RMS(   ƴɁ̇ ǆ Ɋƪ˦˯ǆ ƗǄ˶˲ǆ Ɨ˸ ʾā

 Ƌˠ˳ǃå ɏí˦˸ƶǃåā ǑǀƼǙå ˥˻ǋƓ˱ƙǙƓȺ)m= ± 0.099RRMS( ) ˦ǋ ˔˻ƪƓ˹˸ǃå ƋˠƤ ƴɁ̇ ǆ Ɋƪ˦˯ǆāMean  Root

RLRMS=  for Elevations Square  .( 
ǃå Ɨƿí ˥ǆ ɖǀ˲˯ǃå ˤƙ ˔˻ƪƓ˹˸Ɨ ʹưā ƗǃíƓƶ˸Ⱥ )Equation Empirical :Ǒǋā ˖ơƓ ǃå Ɇˮƿ ˥ǆ Ɨ˸˸˶ǆ ( 

\ RMSRL = (Height Accuracy) mm = H.A mm = Ñ 2.5 ãK km - - - (17) 

 **H.A  =RLRMS =) Accuracy Height( ÷ƓƽƙïǙå Ɨƿí   .(˔˻ƪƓ˹˸ǃå)  
 **K  = ý˗ƶǆ ðƓǌ˱Ⱥ) Ɨɜ ˵ǃå ɉƓǀǈ ˔˻ƪƓ˹ǆ ÷˦ ˸˱ǆ06T.S   ðƓǌƞā2NAK( .èå̇ ˯ǆ˦Ǆ˻ḧǃƓȺ 
    ) ɉƓǀ˹ǃå ˔˻ƪƓ˹ǆ ÷˦ ˸˱ǆ ý˗ƶǆ ˘Ƥá ˤƙ16) ɏðƓǌ˱Ⱥ çí˦Ʈ̇ ǃ˸å ()06T.S ( ) ā2NAK:ǑǃƓ˯ǃƓḪ (( 

Average Summation for Elevation = (3928.801+3928.821)/2 = 3928.811m   

) ƗǃíƓƶ˸ǃå þ˗˳˯˴ƙ17 ƗǃƓơ ǑƼ ( ˔˻ƪƓ˹˸ǃå ÷˦ ˸˱ǆ) ˥ǆ Ɇƿá4000  Ɠǌ˯˸ ʾ ýƓƤíã ˤ˯ɂā (˙˯ǆ Ⱥǃåā ˙˯ǆ˦Ǆ˻ḧǃƓ ƝƙƓ˹
˙˯˸Ǆ˸ǃƓȺ (˔˻ƪƓ˹˸ǃå) āá ÷ƓƽƙïǙå Ɨƿí Ɇ˰˸Ȼ . 

 

RMSRL=Height Accuracy=H.A= ± 2.5ã3.928811Km= Ñ 4.955 å 5mm= ± 0.005m   

 
 
 
 
 



 ) Ɨ˸ ʾ æƓ˴˲ǃ Ɨ Ɂ˦ƪƓơā Ɨ ơƓ˴ǆ èƓ ˹ǀƙ þå˗˳˯ƪåR.A) ā (RMS˳ǃ (Ɨ ˸ƿï Ɨ ï˟Ɠ...... 9 

 ýā˗˱ǃå4 : ) ðƓǌ˱Ⱥ çí˦Ʈ̇ ˸ǃå ç̇ ˵ƶǃå ɉƓǀ˹ǃå èƓ ƛå˗ơã06 T.S( çƓǋƓ˷˸Ǆǃ. 

 
) Ɨ ʼå̇ ƺ˱ǃå èƓǆ˦Ǆƶ˸ǃå þƓˢ˹ƕ Ɠǌƽ ˡ˦ƙ Ɇˮƿ Ɨ ˸ƿ̇ ǃå Ɨ ï˟Ɠ˳ǃå Ɨƿí ˥ǆ ɖǀ˲˯Ǆǃ **GIS) (þƓƪā Ü2008Ü( ) ̊ ɂ̊ Ƶ  Ü

2000) çƓǋƓ˷ǆ ˤƙ Ü(10 ) ðƓǌ˱Ⱥ ƗƪƓǀǆ Ɨ ʼƓưã ɉƓǀǈ (2NAK& 06 T.S  ƓǌƑå̇sǈ ƴǆ ĄƓǄǀơ ( çï˦˶ǃƓȺ
 Ɨɂ˦˱ǃå) ýā˗˱ǃƓȺ ƓǌƙƓ ƛå˗ơã Ɇ˻˱˴ƙā4 ǑǃƓ˯ǃå (Ɨ ǃƓ˯ǃå ƝƑƓ˯˹ǃå ǏǄƵ Ɠ˹Ǆ˶ơā: 

 ) ýā˗˱ǃå èƓǈƓ ƕ þå˗˳˯ƪƓȺ4 èǙíƓƶ˸ǃå ǑƼ ˞ɂ˦ƶ˯ǃåā ((16,15,14,13) ǑǃƓ˯ǃå ǏǄƵ Ɠ˹Ǆ˶ơ :    

\ RMSE= {(Ed - Er)2) / n)}½= {(0.057628) / 10)}½ = ± 0.076m  

\ RMSN= {(Nd - Nr)2) / n)}½= {(0.156257) / 10)}½ = ± 0.125m  

\ RMSR= {[(RMSE)2 + (RMSN)2]/2}½= {(0.076)2+(0.125)2/2}½= ± 0.088m        

\ RMSRL for Elevations  = 2

1

)
n  

R.Lr)2-(R.Ld
(
ä

= {(0.020224/10)}½ = ± 0.045m   

 Ɨƿí ˥ǆ ɖǀ˲˯ǃå ˤƙ ˔˻ƪƓ˹˸ǃåȺǃƓƗ ʹư˦ǃå ƗǃíƓƶ˸ )Empirical Equation) ˤƿï (17  :ǑǄǒ Ɠ˸Ḫ ( 
\ RMSRL = (Height Accuracy) mm = H.A mm = ± 2.5 ãK km  

 **H.A  =RLRMS ÷ƓƽƙïǙå Ɨƿí =   .(˔˻ƪƓ˹˸ǃå)  
 **K  = ý˗ƶǆ ðƓǌ˱Ⱥ) Ɨɜ ˵ǃå ɉƓǀǈ ˔˻ƪƓ˹ǆ ÷˦ ˸˱ǆ06S T.  ðƓǌƞā2NAK ( .èå̇ ˯ǆ˦Ǆ˻ḧǃƓȺ 
     ) ɏðƓǌ˱Ⱥ çí˦Ʈ̇ ǃ˸å çƓǋƓ˷ ǃ˸å ɉƓǀǈ ̝ ƪ˻Ɠ˹ǆ ÷˦˸ ǆ˱ ý̠ƶǆ)06T.S (  ) ā2NAK  :ǑǃƓ˯ǃƓḪ (( 

Average Summation for Elevation = (2430.024+ 2430.048) / 2 = 2430.036m   

) ƗǃíƓƶ˸ǃå þ˗˳˯˴ƙ17 ƗǃƓơ ǑƼ ( ˔˻ƪƓ˹˸ǃå ÷˦ ˸˱ǆ) ˥ǆ Ɇƿá4000 Ƥíã ˤ˯ɂā (˙˯ǆ Ɠǌ˯˸ ʾ ýƓ Ⱥǃåā ˙˯ǆ˦Ǆ˻ḧǃƓ ƝƙƓ˹
) ˙˯˸Ǆ˸ǃƓȺ (˔˻ƪƓ˹˸ǃå āá) ÷ƓƽƙïǙå Ɨƿí Ɇ˰˸ȻJames, 1997 .( 

RMSRL= Height Accuracy=H.A= Ñ 2.5ã 2.430036km = Ñ 3.897 å 4mm= ± 0.004m  

No. Measured By (T.S 06) Measured from (Arc Map GIS 10) & Level NAK 2 (Ed ï Er)2 (Nd ï Nr) 2 (R.L  d-R.L r)
2 Remarks 

Er Nr R.Lr  Ed Nd R.Ld 

1 334124.519 4027872.755 243.550 334124.490 4027872.661 243.486 (- 0.029)2 

=0.000841 

(- 0.094)2 

=0.008836 

(- 0.064)2 

=0.004096 

 ϤϝвыЛϧЂъϜ ϣтϝзϠ еЪϼ 

) бЦϼ14) ЬмϹϯЮϝϠ (5 ( 

2 334292.225 4027625.889 244.910 334292.211 4027625.968 244.950 (- 0.014)2 

=0.000196 

( 0.079)2 

=0.006241 

( - 0.04)2 

= 0.0016 

  бЦϼ ϹтϽϡϧЮϜ ϣтϝзϠ еЪϼ 

)46ϯЮϝϠ () ЬмϹ5 ( 

3 334299.177 4027406.861 234.068 334299.181 4027406.724 234.098 (0.004)2 

=0.000016 

(- 0.137)2 

=0.018769 

( 0.03)2 

=0.0009 

 дϾϝϷгЮϜ ϣУуЧЃЮ егтϜ еЪϼ 

) бЦϼ47) ЬмϹϯЮϝϠ (5 ( 

4 334279.574 4027487.432 246.686 334279.527 4027487.258 246.702 (- 0.047)2 

=0.002209 

(- 0.174)2 

=0.030276 

(0.016)2 

=0.000256 

  бЦϼ ϬϼϜϹгЮϜ ϣтϝзϠ еЪϼ 

)50) ЬмϹϯЮϝϠ (5 ( 

5 334121.357 4027886.132 242.977 334121.353 4027886.109 242.929 (- 0.004)2 

=0.038416 

(- 0.023)2 

=0.000529 

(- 0.048)2 

=0.002304 

егтцϜ сУЯϷЮϜ ϞϝϡЮϜ еЪϼ 

) бЦϼ1) ЬмϹϯЮϝϠ (5 ( 

6 334147.354 4027833.082 244.260 334147.250 4027833.283 244.200 (- 0.104)2 

=0.010816 

(0.201)2 

=0.040401 

(- 0.06)2 

=0.0036 

ϣуЎϝтϽЮϜ ϣКϝЧЮϜ еЪϼ 

) бЦϼ12) ЬмϹϯЮϝϠ (5 ( 

7 333986.052 4027837.278 243.262 333986.009 4027837.117 243.260 (- 0.043)2 

=0.001849 

(- 0.161)2 

=0.025921 

(- 0.002)2 

=0.000004 

  бЦϼ ϟЛЯгЮϝϠ ϢϼϝжшϜ ϬϽϠ 

)21) ЬмϹϯЮϝϠ (5 ( 

8 333960.505 4027762.299 244.663 333960.515 4027762.307 244.655 (0.01)2 

=0.0001 

(- 0.008)2 

=0.000064 

(-0.008)2 

=0.000064 

 ϟЛЯгЮϜ ϤϝϮϼϹв еЪϼ 

) бЦϼ27) ЬмϹϯЮϝϠ (5 ( 

9 333977.212 4027840.394 243.622 333977.184 4027840.410 243.692 (- 0.028)2 

=0.000784 

(- 0.016)2 

=0.000256 

( 0.07)2 

=0.0049 

ϹлЛгЮϜ ϬϝуЃϠ ϣГЧж 

) бЦϼ20) ЬмϹϯЮϝϠ (5 ( 

10 334019.620 4027908.365 242.026 334019.669 4027908.207 242.076 (0.049)2 

=0.002401 

(- 0.158)2 

=0.024964 

( 0.05)2 

=0.0025 

 ϹлЛгЮϜ ϬϝуЂ еЪϼ  бЦϼ 

)19) ЬмϹϯЮϝϠ (5 ( 

×   2430.024   2430.048 0.057628 0.156257 0.020224  
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        Ɇƿá ǑǄḧǃå Ƌˠ˳ǃå ƴɁ̇ ˸ǃ Ɋƪ˦˯˸ǃå ï˘˱ǃå Ɨ˸ ʾ ˕ǈƓḪ åîã Ɨƿ˗ǃå Ɨǃ˦ˮǀǆ Ɨ ǆ˦ƪ̇ ǃå èƓǈƓ ˮǃå ˙ˮ˯ƶƙ ˥ǆ ˗ơå˦ǃå
) Ơ ˲˶ǃå ÜþƓƪā2008) ( Ü˚ɂ̊ Ƶ2000  .( 

çƑ Ƭˤ˭ǁäĀ çƑƜƑ˭˷˭ƨǗä 

1-  ɏá Ɨƪåï˗ǃå Ɨǀˠ˹ǆ þ˦˸ƶȺ ƗƵð˦ǆ ɉƓǀǈ ç̇ ˵Ƶ ˥Ƶ ƴƿå˦˸ǃå Ɨƿí ˗ǒ˗˲˯ǃ Ɨǆ˗˳˯˴˸ǃå ɉƓǀ˹ǃå í˗Ƶ ɆǀȻ ÿá Ǒƺ ˹ǒ Ǚ
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