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A comparative study of positional accuracy between aerial photographic map 

data from unmanned aerial vehicles by using a Single Grid Mission flight method 

and the ground survey data. Bachelor of Engineering (civil engineering ı 
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 Chairman of the advisory board : Thawatchai Paotui 

 This thesisǰ has a purpose to compare positional accuracy between aerial 

photographic map data from unmanned aerial vehicles by using a Single Grid Mission 

flight method and the ground survey data and suggest guidelines for use of unmanned 

aerial vehicles in surveying work in parallel with ground survey 

 From the result of study, it was found that flying drone using a Single Grid 

Mission flight method can be used in survey work. But may not used with work requiring 

higher accuracy values such as construction that require high accuracy. But flying drone 

can be used to survey before considering a construction project if a bench mark 

already exist in the project area. In additional, the information obtained from this 

research can be used to planning the land use management in future. Because the 

ground survey data closure = 1 : 42,007 which pass the survey criteria. And unmanned 

aerial vehicles survey data can be mapped with a scale detailed as 1 : 400 for work 

requiring high data accuracy. 
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×�ǰǰControl points RMSE       �� 

×�ǰǰCheck points RMSE       �� 

×�ǰǰControl points        �� 

×�ǰǰCheck points        �� 

Ù�ǰǰB.3 Common Horizontal Accuracy ClassesǰAccording to   �� 

the New Standard 

Ù�ǰǰB.4 Examples on Horizontal Accuracy for DigitalǰOrthroimagery  �� 

Interpreted from ASPRS 1990 Legacy Standard 

 Ù�ǰǰB.5 Digital Orthoimagery Accuracy Examples for Current Large  51 

and Medium Format Metric Cameras 

Ù4ǰǰB.7 Vertical Accuracy/Quality Example for Digital Elevation Data �2 



	4) 
 

ÿćøïĆâõćó 

 

õćóìĊę          ǰǰǰǰǰǰǰǰĀîšć 

 

õćóìĊęǰ�ǰǰÖøĂïÙüćöÙĉéĔîÖćøüĉÝĆ÷       � 

õćóìĊęǰ�ǰǰÖćøĂŠćîÙŠćøąéĆïǰ�ǰÿć÷Ĕ÷       � 

õćóìĊęǰ�ǰǰÝčéÙüïÙčöõćÙóČĚîéĉî        � 

õćóìĊęǰ�ǰǰÝčéêøüÝÿĂï         � 

õćóìĊęǰ�ǰǰÿŠüîàšĂîĒúąÿŠüîđÖ÷×ĂÜõćó       �� 

õćóìĊęǰ�ǰǰÖćøïĉîēéøîĒïï Grid        �� 

õćóìĊęǰ7ǰǰÖćøïĉîēéøîĒïïǰPolygon       �� 

õćóìĊęǰ8ǰǰÖćøïĉîēéøîĒïïǰCircular       �� 

õćóìĊęǰ9ǰǰÖćøïĉîēéøîĒïïǰDouble Grid       �� 

õćóìĊęǰ�0ǰǰÝčéÙüïÙčöõćóëŠć÷ìćÜĂćÖćý       �� 

 

õćóñîüÖìĊę         ǰǰǰǰǰǰǰǰĀîšć 

 

×�ǰǰCamera locations and image overlap     �� 

×�ǰǰImage residuals for FC220 (4.73mm)     �� 

×�ǰǰCamera locations and error estimates     �� 

×�ǰǰGCP locations and error estimates     �� 

×�ǰǰReconstructed digital elevation model     �� 

 Ü�ǰǰQR Code üĉéĊēĂÖćøĔßšĂćÖćý÷ćîĕøšÙî×Ćï     �4 
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ïììĊęǰ� 

ǰ 

ïìîĈ 

���ǰǰÙüćöđðŨîöćĒúąÙüćöÿĈÙĆâ×ĂÜðŦâĀć 

ÖćøÿĈøüÝéšćîÜćîüĉýüÖøøöđðŨîÖćøÿĈøüÝđóČęĂÖćøĂĂÖĒïïÖŠĂÿøšćÜǰÖćøÿĈøüÝđóČęĂ

ÝĆéìĈĒñîìĊęõĎöĉðøąđìýǰàċęÜÝąìøćïÙŠćóĉÖĆéÞćÖĒúąÙŠćøąéĆïǰéĆÜîĆĚîÙŠćìĊęĕéšÝćÖÖćøÿĈøüÝÝąêšĂÜ

öĊÙüćöëĎÖêšĂÜǰĒúąĒöŠî÷ĈǰđóČęĂĕöŠĔĀšđÖĉéÙüćöñĉéóúćéǰēé÷üĉíĊìĊęĕéšøĆïÖćø÷ĂöøĆïĔîðŦÝÝčïĆîÙČĂǰ

ÖćøÿĈøüÝõćÙóČĚîéĉîǰ(Ground survey) đðŨîÖćøĀćêĈĒĀîŠÜ×ĂÜÝčéĔéėǰöĆÖÝąðøąÖĂïĕðéšü÷ǰ

ÖćøüĆéøą÷ąìćÜøąĀüŠćÜÝčéĒúąüĆéöčöêŠćÜė×ĂÜĒîüóČĚîìĊęǰàċęÜÖćøÿĈøüÝõćÙóČĚîéĉîÝąêšĂÜĔßš

øą÷ąđüúćĔîÖćøéĈđîĉîÖćøđðŨîøą÷ąđüúćîćîǰĒúąĔîïćÜóČ ĚîìĊ ęöĊÿõćóõĎöĉðøąđìýìĊęĕöŠ

đĂČĚĂĂĈîü÷ĒÖŠÖćøÿĈøüÝǰÝċÜìĈĔĀšÙŠćóĉÖĆéĒúąÙŠćøąéĆïìĊęÿĈøüÝĕéšđÖĉéÙüćöÙúćéđÙúČęĂîǰ 

ĔîðŦÝÝčïĆîđìÙēîēú÷ĊìćÜéšćîÜćîüĉýüÖøøöĕéšóĆçîćĕðĂ÷ŠćÜêŠĂđîČ ęĂÜĒúąĀîċ ęÜĔî

đìÙēîēú÷ĊìĊęÿćöćøëßŠü÷ĒÖšĕ×ðŦâĀćéĆÜìĊęÖúŠćüöć×šćÜêšîĕéšÙČĂǰđìÙēîēú÷ĊÖćøĔßšĂćÖćý÷ćîĕøš

Ùî×ĆïǰàċęÜđìÙēîēú÷ĊîĊĚÿćöćøëÝĆéìĈĒñîìĊęĔĀšöĊÙüćöÙößĆéǰÙüćöúąđĂĊ÷éÿĎÜǰ×šĂöĎúìĊęĕéšÝąëĎÖ

ïĆîìċÖđðŨîĒïïéĉÝĉêĂúǰÿćöćøëüĆéøą÷ąóĉÖĆéÝčéøąéĆïÙüćöÿĎÜǰĒúąđ×šćëċÜĕéšĔîìčÖóČĚîìĊęÿĈøüÝ

éšü÷øą÷ąđüúćĂĆîÿĆĚîǰĂ÷ŠćÜĕøÖĘêćöǰñúìĊęĕéšÝćÖÖćøÿĈøüÝēé÷ĔßšĂćÖćý÷ćîĕøšÙî×ĆïîĆĚî÷ĆÜĕöŠđðŨî

ìĊę÷ĂöøĆïĔîðŦÝÝčïĆîǰÖćøüĉÝĆ÷îĊĚÝċÜÝĆéìĈ×ċĚîđóČęĂđðøĊ÷ïđìĊ÷ïÙüćöëĎÖêšĂÜđßĉÜêĈĒĀîŠÜøąĀüŠćÜ

×šĂöĎúĒñîìĊ ęõćóëŠć÷ìćÜĂćÖćýÝćÖĂćÖćý÷ćîĕøšÙî×Ćïéšü÷üĉíĊÖćøïĉîĒïïǰSingle grid 

mission ÖĆï×šĂöĎúÖćøÿĈøüÝõćÙóČĚîéĉî 

1.2 ǰüĆêëčðøąÿÜÙŤ×ĂÜÖćøüĉÝĆ÷ 

1.2.1 đðøĊ÷ïđìĊ÷ïÙüćöëĎÖêšĂÜđßĉÜêĈĒĀîŠÜøąĀüŠćÜ×šĂöĎúĒñîìĊęõćóëŠć÷ìćÜĂćÖćý

ÝćÖĂćÖćý÷ćîĕø šÙî×Ćïéšü÷ü ĉí ĊÖćøïĉîĒïïǰSingle Grid Mission ÖĆï×šĂöĎúÖćøÿĈøüÝ

õćÙóČĚîéĉî 

1.2.2 đóČęĂđÿîĂĒîąĒîüìćÜÖćøîĈĂćÖćý÷ćîĕøšÙî×ĆïöćĔßšĔîÜćîÿĈøüÝÙüïÙĎŠÖĆï

ÖćøÿĈøüÝõćÙóČĚîéĉî 
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1.3 ǰÙĈëćöĔîÖćøüĉÝĆ÷ 

ÖćøÿĈøüÝõćóëŠć÷ìćÜĂćÖćýēé÷ĔßšĂćÖćý÷ćîĕøšÙî×ĆïĒïïǰSingle grid mission

ÿćöćøëîĈöćĔßšĒìîÖćøÿĈøüÝõćÙóČĚîéĉîĔîđøČęĂÜÙüćöëĎÖêšĂÜđßĉÜêĈĒĀîŠÜĕéšĀøČĂĕöŠ 

1.4 ǰÿööêĉåćîĔîÖćøüĉÝĆ÷ 

ÖćøÿĈøüÝēé÷ĔßšĂćÖćý÷ćîĕøšÙî×Ćïéšü÷üĉíĊÖćøïĉîĒïïǰSingle grid missionǰđöČęĂ

îĈöćđðøĊ÷ïđìĊ÷ïÖĆïÖćøÿĈøüÝõćÙóČĚîéĉîĒúšüÝąĕéšÙŠćÙüćöëĎÖêšĂÜđßĉÜêĈĒĀîŠÜìĊęÿćöćøë

÷ĂöøĆïĕéšǰĒúąßŠü÷ĔîÜćîéšćîüĉýüÖøøöĕéšđðŨîĂ÷ŠćÜéĊ 

1.5 ǰîĉ÷ćöýĆóìŤìĊęĔßšĔîÖćøüĉÝĆ÷ 

1.5.1 ĂčðÖøèŤìĊęĔßšøĊēöìĔîÖćøïĆÜÙĆïĔĀšđÙúČęĂîìĊę (Dynamic Remotely Operated 

Navigation Equipment: DRONE) 

1.5.2 ĀöčéĀúĆÖåćîǰ(Bench Mark: B.M.) đðŨîĀöčéìĊęìøćïÙŠćøąéĆïĀøČĂÙüćöÿĎÜÝćÖ

óČĚîĀúĆÖåćîÖćøøąéĆïǰöĆÖìĈéšü÷ÖćøòŦÜĒìŠÜēúĀąïîĀöčéÙĂîÖøĊêìĊęĀúŠĂ×ċĚîǰĀøČĂĀöčéëćüøÝćÖ

íøøößćêĉǰđßŠîǰïîÖšĂîĀĉî×îćéĔĀâŠǰàċęÜÝąïĂÖÙüćöÿĎÜǰóĉÖĆéìćÜøćïǰđðŨîêšî 

1.5.3 Back Sight (B.S.) ĀøČĂđøĊ÷ÖĂĊÖĂ÷ŠćÜĀîċęÜüŠćǰĕöšĀúĆÜǰđðŨîÙŠćìĊęĂŠćîĕéšÙøĆĚÜĒøÖ

ĀúĆÜÝćÖêĆĚÜÖúšĂÜǰÿŠüîöćÖÝąêĆĚÜĂ÷ĎŠïîĀöčéǰB.M.ǰĀøČĂĀöčéìĊęìøćïÙŠćøąéĆïĒúšü 

1.5.4 For Sight (F.S.) ĀøČĂđøĊ÷ÖĂĊÖĂ÷ŠćÜĀîċęÜüŠćǰĕöšĀîšćǰđðŨîÙŠćìĊęĂŠćîĕéšÙøĆĚÜÿčéìšć÷

ÖŠĂîìĊęÝą÷šć÷ÖúšĂÜǰÿŠüîöćÖêĆĚÜĂ÷ĎŠìĊęìĊęöĆęîÙÜǰìĊęêšĂÜÖćøìøćïÙŠćøąéĆï 

1.5.5 ÙüćöÿĎÜïĉîǰ(Flight Altitude)ǰđðŨîøąéĆïÿĎÜïĉîìĊęöĊÿŠüîÿĈÙĆâĂ÷ŠćÜ÷ĉęÜêŠĂÖćø

ÿĈøüÝéšü÷ĂćÖćý÷ćîĕøšÙî×ĆïǰǰìĈĔĀšÿćöćøëñúĉê×šĂöĎúđßĉÜêĈĒĀîŠÜìĊęöĊÙüćöëĎÖêšĂÜöćÖ×ċĚîǰ

đóČęĂĔĀšĕéšõćóìĊęöĊÿŠüîàšĂîĒúąÿŠüîđÖ÷ 

1.5.6 ÖćøÝĈúĂÜÙüćöÿĎÜ×ĂÜõĎöĉðøąđìý (Digital Elevation Model: DEM)ǰēé÷Öćø

ÝĆéđÖĘïĔĀšĂ÷ĎŠĔîøĎðĒïïêćøćÜÖøĉéĀøČĂ×šĂöĎúĒøÿđêĂøŤǰàċ ęÜöĊÖćøÖĈÝĆéÙüćöÿĎÜ×ĂÜÿĉęÜðÖÙúčö

óČĚîñĉüìćÜÖć÷õćó×ĂÜēúÖĂĂÖ 

1.5.7 ÖćøÝĈúĂÜÙüćöÿĎÜ×ĂÜõĎöĉðøąđìý (Digital Surface Model: DSM) ēé÷Öćø

ÝĆéđÖĘïĔĀšĂ÷ĎŠĔîøĎðĒïïêćøćÜÖøĉéǰĀøČĂ×šĂöĎúĒøÿđêĂøŤǰàċęÜøüöÙüćöÿĎÜ×ĂÜÿĉęÜðÖÙúčöóČĚîñĉüìćÜ

Öć÷õćó×ĂÜēúÖéšü÷ǰđßŠîǰÿĉęÜðúĎÖÿøšćÜǰêšîĕöšǰĒúąóčŠöĕöšǰđðŨîêšî 

1.5.8 ÙüćöúąđĂĊ÷éÝčéõćó (Ground Simple Distance: GSD)ǰÙČĂǰêĆüđú×øą÷ą

ïĂÖ×îćéêĆüĂ÷ŠćÜïîóČĚîéĉîǰ�ǰÝčéõćóǰàċęÜēé÷ìĆęüĕðđðŨîøĎðÿĊęđĀúĊę÷öÝĆêčøĆÿǰđßŠîǰõćóëŠć÷ìĊęǰGSDǰ
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��ǰđàîêĉđöêøǰĀöć÷ÙüćöüŠćǰ�ǰÝčéïîõćóëŠć÷đìŠćÖĆïøą÷ąóČĚîéĉîǰ��ǰđàîêĉđöêøǰđîČęĂÜÝćÖ

×îćéǰ�ǰÝčéõćóǰ×ĂÜêĆüǰSensorǰöĊ×îćéÙÜìĊę 

1.5.9 ÝčéêøüÝÿĂïǰ	Check Points: CP) 

1.5.10 ÿŠüîàšĂîǰ(Overlap)ǰÙČĂǰóČĚîìĊęìĊęìĆïÖĆîĂ÷ĎŠ×ĂÜõćóðøąßĉéĔîĒîüïĉî 

1.5.11 ÿŠüîđÖ÷ (Sidelap)ǰÙČĂǰóČĚîìĊęìĊęìĆïÖĆîĂ÷ĎŠøąĀüŠćÜĒîüïĉîìĊęðøąßĉéÖĆî 

1.5.12 øĎðĒïïÖćøïĉîĒïïǰĒïïǰSingle Grid MissionǰđðŨîÖćøüćÜĒñîÖćøïĉîēé÷

ÿøšćÜÖøĂïǰ�ǰđĀúĊę÷öǰđĀöćąÿĈĀøĆïóČĚîìĊęìĊęöĊøĎðøŠćÜđðŨîǰ�ǰđĀúĊę÷öǰÿćöćøëðøĆïöčöÖúšĂÜĕéšêĆĚÜĒêŠǰ

��ǰĂÜýćǰ	êĆĚÜÞćÖÖĆïóČĚîēúÖ
ǰëċÜǰ�ǰĂÜýćǰ	ĀĆîĀîšćÖúšĂÜĕðéšćîĀîšć
 

1.5.13 ÖćøüĉđÙøćąĀŤñúÝąüĉđÙøćąĀŤĔîøĎð×ĂÜÙŠćÙüćöÙúćéđÙúČęĂîđßĉÜêĈĒĀîŠÜǰ	Root 

Mean Square Error: RMSE) 

1.5.14 øąïïìĊęĔßšēÙøÜøŠćÜĒñîìĊęĒúąĀîŠü÷đðŨîđöêøìĊ ęøąéĆïîĚĈìąđú ǰ 	Universal 

Transversal Mercator: UTM) 

1.5.15 ÙŠćÙüćöĒöŠî÷ĈĔîĒîüéĉ ęÜǰ	Vegetated Vertical Accuracy: VVA) ÙŠćÙüćö

ĒöŠî÷ĈĔîĒîüéĉęÜìĊęøąéĆïÙüćöđßČęĂöĆęîǰ���ǰĔîõĎöĉðøąđìýìĊęöĊÿĉęÜðÖÙúčöđßŠîǰêšîĕöšǰüĆßóČßĒúą

óČßñúÿĎÜǰóČĚîìĊęøÖøšćÜǰĒúąñČîðśćìĆĚÜĀöé 

1.6 ×Ăïđ×ê×ĂÜÖćøüĉÝĆ÷ 

1.6.1 óČĚîìĊęÿĈøüÝÿëćîĊÖćøìéúĂÜÖćøĔßšîĚĈéšü÷đìÙēîēú÷ĊÿöĆ÷ĔĀöŠ 

1.6.2 ÖćøÿĈøüÝēé÷ĔßšĂćÖćý÷ćîĕøšÙî×Ćïéšü÷üĉíĊÖćøïĉîĒïïǰSingle Grid Mission 

1.6.3 ÖćøÿĈøüÝõćÙóČĚîéĉîđÖèæŤÜćîßĆĚîìĊęǰ� 

1.6.4 ÖćøÿĈøüÝēé÷óĉÖĆéǰUTM 

1.7 ǰðøąē÷ßîŤìĊęÙćéüŠćÝąĕéšøĆï 

1.7.1 đóČęĂĕéšöćàċęÜüĉíĊÖćøÿĈøüÝìĊęëĎÖêšĂÜǰĒöŠî÷ĈǰúéêšîìčîǰĒúąúéøą÷ąđüúćĔîÖćø

ìĈÖćøÿĈøüÝìćÜüĉýüÖøøö 

1.7.2 đóČęĂìøćïëċÜĀúĆÖÖćøĔßšĂćÖćý÷ćîĕøšÙî×Ćïéšü÷üĉíĊÖćøïĉîĒïïǰ Single Grid 

Mission 

1.7.3 đóČęĂĔĀšđÖĉéìĆÖþąĔîÖćøĔßšĂćÖćý÷ćîĕøšÙî×Ćï 
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1.8 ǰÖøĂïÙüćöÙĉéĔîÖćøüĉÝĆ÷ 

ÖøĂïÙüćöÙĉéĔîÖćøüĉÝĆ÷ǰĒÿéÜĔîõćóìĊęǰ���ǰǰéĆÜêŠĂĕðîĊĚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

õćóìĊęǰ���ǰÖøĂïÙüćöÙĉéĔîÖćøüĉÝĆ÷ 

 

 

 

 

 

ÖćøýċÖÖćøđðøĊ÷ïđìĊ÷ïÙüćöëĎÖêšĂÜđßĉÜêĈĒĀîŠÜøąĀüŠćÜ 

×šĂöĎúĒñîìĊęõćóëŠć÷ìćÜĂćÖćýÝćÖĂćÖćý÷ćîĕøšÙî×Ćï 

üĉíĊÖćøïĉîĒïïǰSingle Grid Mission ÖĆï×šĂöĎúÖćøÿĈøüÝõćÙóČĚîéĉî 

ÖćøÿĈøüÝēé÷ĂćÖćý÷ćîĕøšÙî×Ćï 

üĉíĊÖćøïĉîĒïïǰSingle gridǰmission 

ÖćøÿĈøüÝõćÙóČĚîéĉî 

×šĂöĎúĒñîìĊę 

õćóëŠć÷ìćÜĂćÖćý 

×šĂöĎúÖćøÿĈøüÝ

õćÙóČĚîéĉî 

đðøĊ÷ïđìĊ÷ïÙŠćÙüćöëĎÖêšĂÜüŠćĂ÷ĎŠĔîđÖèæŤ

ÜćîßĆĚîǰ�ǰĀøČĂĕöŠ 

ÿøčðĒúąîĈđÿîĂ 
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ÜïðøąöćèìĊęĔßšĔîÖćøüĉÝĆ÷ǰĒÿéÜéĆÜǰêćøćÜìĊęǰ��1ǰéĆÜêŠĂĕðîĊĚ 
 

êćøćÜìĊęǰ��1ǰêćøćÜÜïðøąöćèìĊęĔßšĔîÖćøüĉÝĆ÷ 
 

 

øć÷Öćø 

 

ÝĈîüî 

 

ĀîŠü÷ 

øćÙć�ĀîŠü÷ 

(ïćì) 

ÝĈîüîđÜĉî 

(ïćì) 

ÖøąéćþǰA4 1 úĆÜ ��� ��� 

ÖøąéćþÖøćô � đúŠö ��� ��� 

ĂčðÖøèŤđÙøČęĂÜđ×Ċ÷î � ßčé ��� ��� 

ÙŠćÝĆéìĈøĎðđúŠö � ÙøĆĚÜ �,��� �,��� 

   øüöìĆĚÜÿĉĚî �,200 
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1.9  ĒñîÖćøéĈđîĉîÜćî 
 

 ĒñîÖćøéĈđîĉîÜćîĔîÖćøüĉÝĆ÷ĒÿéÜéĆÜêćøćÜìĊęǰ��2ǰǰéĆÜêŠĂĕðîĊĚ 
 

êćøćÜìĊęǰ��2ǰǰêćøćÜĒñîÖćøéĈđîĉîÜćîĔîÖćøüĉÝĆ÷ 

ĀîŠü÷ǰ: ÿĆðéćĀŤ 

ÖĉÝÖøøö�ÿĆðéćĀŤ 
íĆîüćÙö öÖøćÙö ÖčöõćóĆîíŤ 

� � � � � � � � � �� 

ÿĈøüÝóČĚîìĊęĒúąüćÜĒñîÖćøđéĉîÿĈøüÝ            

ÜćîÿĈøüÝē÷ÜÙŠćóĉÖĆéĒúąđéĉîøąéĆï            

ðøąöüúñú×šĂöĎúìĊęĕéšÝćÖÖćøÿĈøüÝõćÙóČĚîéĉî           

đêøĊ÷öÙüćöóøšĂöÖŠĂîìĈÖćøïĉîÿĈøüÝ           

üćÜĒñîÖćøïĉîēé÷ĔßšüĉíĊÖćøïĉîĒïïǰSingle Grid Mission           

ìĈÖćøïĉîÿĈøüÝđóČęĂëŠć÷õćóìćÜĂćÖćý×ĂÜóČĚîìĊęýċÖþć             

ðøąöćúñúõćóëŠć÷ìćÜĂćÖćýñŠćî Software             

đðøĊ÷ïđìĊ÷ïÙüćöëĎÖêšĂÜđßĉÜêĈĒĀîŠÜøąĀüŠćÜ×šĂöĎúõćóëŠć÷ìćÜĂćÖćýÝćÖĂćÖćý÷ćîĕøš

Ùî×ĆïÖĆï×šĂöĎúÖćøÿĈøüÝõćÙóČĚîéĉî 

            

ÝĆéìĈøć÷ÜćîÖćøüĉÝĆ÷           
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ïììĊęǰ2 

 

ìùþãĊĒúąÜćîüĉÝĆ÷ìĊęđÖĊę÷ü×šĂÜ 

2.1 ǰìùþãĊìĊęđÖĊę÷ü×šĂÜ 
2.1.1 ìùþãĊÖćøÿĈøüÝõćÙóČĚîéĉî 

đÖèæŤßĆĚîÜćî ÙüćöëĎÖêšĂÜ×ĂÜÖćøðäĉïĆêĉÜćîÿĈøüÝǰĕöŠüŠćÝąđðŨîÜćîüÜøĂïǰ

ÜćîĒñîìĊęǰĀøČĂÜćîøąéĆïÝąêšĂÜĂ÷ĎŠĔîđÖèæŤĀøČĂöćêøåćî×ĂÜßĆĚîÜćîìĊęÖĈĀîéĕüšÿĈĀøĆïÜćîîĆĚî

ĔîÜćîüĉÝĆ÷ÙøĆĚÜîĊĚĕéšÖĈĀîéđÖèæŤßĆĚîÜćîÿĈĀøĆïÖćøÿĈøüÝðøąđõìêŠćÜėǰéĆÜîĊĚ 

1) Üćîē÷ÜÙŠćøąéĆïēé÷üĉíĊÖćøøąéĆïßĆĚîìĊęǰ� 

ÿć÷ÖćøøąéĆï×ĂÜÜćîöĊÙüćö÷ćüĕöŠđÖĉîǰ��ǰÖö�ēé÷ĒïŠÜÿć÷øąéĆïĂĂÖđðŨî

ßŠüÜǰßŠüÜúąǰ���ǰÖö�ǰÖøèĊìĊęĀöčéĀúĆÖåćîĂĂÖĒúąđ×šćïøøÝïÜćîĀŠćÜÖĆîĕöŠđÖĉîǰ��ǰÖö�ǰÝąìĈ

øąéĆïĒïïđìĊę÷üđéĊ÷üǰĒêŠÖøèĊìĊęĀöčéĀúĆÖåćîĂĂÖĒúąđ×šćïøøÝïÜćîĀŠćÜÖĆîđÖĉîǰ��ǰÖö�ǰÝąìĈ

øąéĆïĒïïĕðǰıǰÖúĆïǰĀøČĂÖøèĊĕöŠöĊĀöčéĀúĆÖåćîđ×šćïøøÝïÜćîĔĀšìĈøąéĆïĒïïĕðǰıǰÖúĆïǰēé÷

đéĉîøąéĆïđìĊę÷üìĈÖúĆïǰñŠćîĀöčéĀúĆÖåćîìčÖĀöčé×ĂÜđìĊę÷üìĈĕðǰàċęÜĀöčéĂĂÖĒúąđ×šćïøøÝïÜćî

êšĂÜĕöŠđðŨîĀöčéđéĊ÷üÖĆî 

ÖćøĂŠćîÙŠćøąéĆïÝąĂŠćîìĆĚÜǰ�ǰÿć÷Ĕ÷ĕéšĒÖŠǰÿć÷Ĕ÷ïîǰÿć÷Ĕ÷ÖúćÜǰĒúą

ÿć÷Ĕ÷úŠćÜēé÷ñúïüÖ×ĂÜÿć÷Ĕ÷ïîĒúąÿć÷Ĕ÷úŠćÜđìŠćÖĆïǰ�ǰđìŠć×ĂÜÿć÷Ĕ÷ÖúćÜĒúąêšĂÜ

ÙúćéđÙúČęĂîĕöŠđÖĉîǰ�ǰöö�ǰÿŠüîđøČęĂÜ×ĂÜÖćøêĆĚÜÖúšĂÜĒúąÖćøüćÜĕöšøąéĆïöĊøą÷ąĀŠćÜÖĆîĕÖúÿčéĕöŠ

đÖĉîǰ���ǰö�ǰÙŠćÙüćöÙúćéđÙúČęĂîøąĀüŠćÜđìĊę÷üìĈĕðÖĆïđìĊę÷üìĈÖúĆïǰĒúąÖćøđ×šćïøøÝïĀöčéĕöŠ

đÖĉîǰs��ǰöö�ōK (K đðŨîøą÷ąìćÜǰĀîŠü÷ǰÖö�
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õćóìĊęǰ2.1  ÖćøĂŠćîÙŠćøąéĆïǰ3 ÿć÷Ĕ÷ 

ìĊęöćǰ�ǰíĊøą úćõĉýß÷ćÜÖĎúǰ(2550) 

 

2) Üćîē÷ÜÙŠćóĉÖĆééšü÷üĉíĊÜćîüÜøĂïßĆĚîìĊęǰ� 

ÖćøüĆéöčöǰĔßšÖúšĂÜüĆéöčöìĊęöĊÙüćöúąđĂĊ÷éǰ� ' ĀøČĂéĊÖüŠćǰÖøèĊìĊęĔßšÖúšĂÜüĆé

öčöĂĊđúÙìøĂîĉÙÿŤêšĂÜöĊÙüćöúąđĂĊ÷éǰ��ĶǰĀøČĂéĊÖüŠćǰÝĈîüîýĎî÷Ť×ĂÜÖćøüĆéǰ�ǰýĎî÷ŤÙüćöêŠćÜ

×ĂÜĒêŠúąýĎî÷ŤÖĆïÙŠćðćîÖúćÜĕöŠđÖĉîǰ���ǰÿëćîĊĒøÖĒúąÿëćîĊÿčéìšć÷×ĂÜÖćøüĆéöčöêšĂÜĕöŠđðŨî

ĀöčéđéĊ÷üÖĆî 

ÖćøüĆéøą÷ąǰĔßšđÙøČęĂÜüĆéøą÷ąĂĉđúÙìøĂîĉÙÿŤǰĀøČĂēàŠúćîđĀúĘÖǰ	STEEL 

TAPE) ÙüćöúąđĂĊ÷é×ĂÜÖćøüĆéøą÷ąǰ������ǰĀøČĂéĊÖüŠć 

ÖćøüĆéĂćàĉöčìǰêšĂÜìĈÖćøøĆÜüĆéìčÖėǰ�����ǰöčöǰÝĈîüîýĎî÷ŤÖćøüĆéĂ÷ĎŠìĊęǰ��

��ǰýĎî÷ŤǰÝĈîüîÖćøĒÖšöčöüÜøĂïđöČęĂêøüÝÖĆïÙŠćĂćàĉöčìĕöŠđÖĉîǰöčöúąǰ�ǰôŗúĉðéćĀøČĂǰ��ǰôŗúĉðéć

ōN(N đðŨîÝĈîüîöčö
ǰÿŠüîǰProbable Error ×ĂÜñúðćîÖúćÜĕöŠđÖĉîǰ�ǰôŗúĉðéćǰĒúąÙüćöÙúćé

đÙúČęĂîđöČęĂðøĆïĒÖšöčöđøĊ÷ïøšĂ÷ĒúšüêšĂÜĕöŠđÖĉîǰ������ 

2.1.2 ìùþãĊÖćøÿĈøüÝēé÷ĔßšĂćÖćý÷ćîĕøšÙî×Ćï 

ÖøöìĊęéĉîǰÖćøüćÜĒñîÖćøïĉîǰđðŨî×ĆĚîêĂîìĊęÖĈĀîéÙüćöúąđĂĊ÷é×ĂÜõćó

Ùčèõćó×ĂÜõćóóĂ÷éŤÙúćüéŤǰĒúąÙüćöëĎÖêšĂÜđßĉÜêĈĒĀîŠÜēé÷öĊðŦÝÝĆ÷ìĊęêšĂÜÙĈîċÜëċÜÿĈĀøĆï

ÖćøüćÜĒñîÖćøïĉîǰéĆÜîĊĚǰ 



9 

1)  ÝčéÙüïÙčöõćÙóČĚîéĉîǰ	Ground Control Points ,GCP) úĆÖþèąÖćøìĈǰ

GCP îĆĚîöĊĂ÷ĎŠéšü÷ÖĆîǰ2ǰüĉíĊǰüĉíĊĒøÖĔßšÝčéìĊęîŠćÿîĔÝêćöíøøößćêĉǰ đßŠîǰ×ĂïòćìŠĂøąïć÷îĚĈǰ

đÙøČęĂÜĀöć÷ÝøćÝøïîëîîǰ×ĂïëîîǰìćÜĒ÷Ö×ĂÜëîîǰüĉíĊìĊęÿĂÜÖćøìĈđÙøČęĂÜĀöć÷ǰĀøČĂĔßšđðŜć

ĕðüćÜÖŠĂîïĉîÿĈøüÝǰēé÷ÝĈîüîÝčéǰGCP ×ĆĚîêęĈìĊęĔßšĔîÖćøðøĆïĒÖšõćóëŠć÷îĆĚîĂ÷ĎŠìĊęǰ3ǰÝčéǰĀøČĂ

ĔßšǰGCP 5ǰÝčéǰêŠĂ×îćéóČĚîìĊę�ǰ20ǰĕøŠǰĀøČĂǰ0.04ǰêø�Öö�ǰ	�×îćéóČĚîìĊęìĊęēéøîÿćöćøëïĉîÿĈøüÝĕéš

êŠĂĒïêđêĂøŤøĊęǰ1ǰÖšĂî
 ÖćøđúČĂÖêĈĒĀîŠÜǰGCP ìĊęđĀöćąÿöǰêšĂÜÙĈîċÜëċÜÖćøÖøąÝć÷êĆü×ĂÜÝčé

ĔĀšÙøĂïÙúčöìĆęüìĆĚÜóČĚîìĊęđðŨîĀúĆÖǰĒúąĕöŠÙüøđúČĂÖÝčéìĊęĔÖúšÖĆï×ĂïĒîüïĉîǰĀøČĂ×Ăï×ĂÜóČĚîìĊęìĊę

ìĈÖćøÿĈøüÝǰĔîÖøèĊìĊęóČĚîìĊęŠĕöŠÿöęĈđÿöĂǰöĊÙüćöÿĎÜêęĈìĊęêŠćÜÖĆîöćÖǰÙüøüćÜǰGCP ĔĀšìĆęüìĆĚÜóČĚîìĊę

ìĆĚÜïøĉđüèìĊęÿĎÜĒúąìĊęêęĈ 

 

 

 

 

õćóìĊęǰ2.2ǰǰÝčéÙüïÙčöõćÙóČĚîéĉî 

ìĊęöćǰ�ǰøĆåõĎöĉǰêĆĚÜõĎöĉÝĉêǰĒúąÙèąĄǰ	2563) 

2)  ÝčéêøüÝÿĂïǰ	Check Points ,CP) öĊĀúĆÖÖćøđéĊ÷üÖĆîÖĆïǰGCP ĒêŠöĊ×šĂ

ĒêÖêŠćÜìĊęÿĈÙĆâĂ÷ŠćÜĀîċęÜǰÙČĂǰGCP ÝąĔßšđóČęĂÖćøðøĆïĒÖšēöđéúǰĒúąðøĆïĒÖšÙŠćóĉÖĆéõćóĀćÖ

ÝĈđðŨîǰÿŠüîǰCheckpoints ÝąĔßšđðŨîÝčéĂšćÜĂĉÜđóĉęöđêĉöđóČęĂĔßšĔîÖćøêøüÝÿĂïēöđéú 

 

 

 

 

õćóìĊęǰ��3ǰǰÝčéêøüÝÿĂï 

ìĊęöćǰ�ǰøĆåõĎöĉǰêĆĚÜõĎöĉÝĉêǰĒúąÙèąĄǰ	����
 

3)  ×îćéǰGround Sample Distance (GSD) øą÷ąìćÜïîóČĚîēúÖøąĀüŠćÜÝčé

ýĎî÷ŤÖúćÜ×ĂÜÝčéõćóǰ 	pixel) ìĊ ęĂ÷Ď Šê ĉéÖĆîǰĀøČĂđøĊ÷ÖüŠćÙüćöúąđĂĊ÷éđßĉÜóČ ĚîìĊ ęǰ 	Spatial 

Resolution) ×ĂÜÝčéõćóìĊęÿćöćøëĒ÷ÖĒ÷ąøć÷úąđĂĊ÷éìĊęđúĘÖìĊęÿčé 

4)  ÙüćöÿĎÜïĉîǰ	Flight Altitude) ïĉîÿĎÜĕöŠđÖĉîǰ90 đöêøǰîĆïÝćÖóČĚîéĉîĒúą

ïĉîĒîüøćïÖĆïïčÙÙúǰ÷ćîóćĀîąǰÿĉęÜÖŠĂÿøšćÜǰîšĂ÷ÖüŠćǰ30ǰđöêø 
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5)  ÿŠüîàšĂîĒúąÿŠüîđÖ÷×ĂÜõćóǰ	Overlap & Side lap) ÿŠüîàšĂîĀøČĂóČĚîìĊę

ìĊęìĆïÖĆîĂ÷ĎŠ×ĂÜõćóðøąßĉéĔîĒîüïĉîǰĔĀšöĊÿŠüîàšĂîÖĆîĕöŠîšĂ÷ÖüŠćøšĂ÷úąǰ80 ĒúąÿŠüîđÖ÷ĀøČĂ

óČĚîìĊęìĊęìĆïÖĆîĂ÷ĎŠøąĀüŠćÜĒîüïĉîìĊęðøąßĉéÖĆîǰĔĀšöĊÿŠüîđÖ÷ÖĆîĕöŠîšĂ÷ÖüŠćøšĂ÷úąǰ�� 

 

 

 

 

 

 

õćóìĊęǰ��4 ǰÿŠüîàšĂîĒúąÿŠüîđÖ÷×ĂÜõćó 

ìĊęöćǰ�ǰøĆåõĎöĉǰêĆĚÜõĎöĉÝĉêǰĒúąÙèąĄǰ	����
 

6)  øĎðĒïïÖćøïĉî 

ÖćøïĉîēéøîĒïïÖøĉéǰ	Grid) đðŨîÖćøüćÜĒñîÖćøïĉîēé÷ÿøšćÜÖøĂïǰ�ǰđĀúĊę÷öǰ

đĀöćąÿĈĀøĆïóČĚîìĊęìĊęöĊøĎðøŠćÜđðŨîǰ�ǰđĀúĊę÷öǰÿćöćøëðøĆïöčöÖúšĂÜĕéšêĆĚÜĒêŠǰ��ǰĂÜýćǰ	êĆĚÜÞćÖÖĆï

óČĚîēúÖ
ǰëċÜǰ�ǰĂÜýćǰ	ĀĆîĀîšćÖúšĂÜĕðéšćîĀîšć
ǰ ÖćøðøąöüúñúÝąĂĂÖöćđðŨîøĎðĒïïǰ2D ÙČĂǰ

DSM ĒúąǰOrthomosaic đĀöćąÖĆïóČĚîìĊęÜćîìĊęöĊ×îćéĔĀâŠĒúąóČĚîñĉüìĊęÙŠĂî×šćÜøćï 

 

 

 

 

õćóìĊęǰ2.5  ÖćøïĉîēéøîĒïïÖøĉé 

ìĊęöćǰ�ǰÖøöìĊęéĉîǰ	ö.ð.ð.
 

ÖćøïĉîēéøîĒïïǰPolygon ÿćöćøëêĆ ĚÜÙŠćĕéšđĀöČĂîĒïïǰGrid ĒêŠöĊÙüćö

÷ČéĀ÷čŠî×ĂÜ×Ăïđ×êĒñîÖćøïĉîöćÖÖüŠćǰÙČĂÿćöćøëðøĆïøĎðøŠćÜ×ĂÜĒñîÖćøïĉîĕéšêćöêšĂÜÖćøǰ

ĔîÖćøðøąöüúñúĂĂÖöćđðŨîøĎðĒïïǰ2D ÙČĂǰDSM ĒúąǰOrthomosaicǰđĀöćąÖĆïóČĚîìĊęÜćîìĊęöĊ

×îćéĔĀâŠĒúąóČĚîñĉüìĊęÙŠĂî×šćÜøćïđßŠîđéĊ÷üÖĆïøĎðĒïïǰGridǰ 
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õćóìĊęǰ��6 ǰÖćøïĉîēéøîĒïïǰPolygon 

ìĊęöćǰ�ǰÖøöìĊęéĉîǰ	ö.ð.ð.
 

ÖćøïĉîēéøîĒïïǰCircular ÙČĂǰÖćøüćÜĒñîÖćøïĉîǰöĊúĆÖþèąđðŨîüÜÖúöĀøČĂ

üÜøĊǰđĀöćąÿĈĀøĆïÖćøÿøšćÜĒïïÝĈúĂÜǰ3ǰöĉêĉǰēé÷ĔĀšüĆêëčìĊęÿîĔÝĂ÷ĎŠÖċ ęÜÖúćÜđÿšîìćÜïĉîÖćø

ðøąöüúñúĂĂÖöćđðŨîøĎðĒïïǰ3DǰÙČĂǰpoint cloud ĒúąǰmeshǰđĀöćąÖĆïóČĚîìĊę×îćéđúĘÖ 

 

 

 

 

õćóìĊęǰ��7 ǰÖćøïĉîēéøîĒïïǰCircular 

ìĊęöćǰ�ǰÖøöìĊęéĉîǰ	ö.ð.ð.
 

ÖćøïĉîēéøîĒïïǰDouble Grid ÙČĂǰÖćøüćÜĒñîÖćøïĉîìĊęöĊúĆÖþèąÖćøïĉî

Ùúšć÷ĒïïǰGrid ĒúąǰPolygon ÙČĂđðŨîđðŨîđÿšîêøÜđøĊ÷ÜêćöĒëüǰĒêŠĕöŠÿćöćøëðøĆïöčöÖúšĂÜĕéšìĊęǰ

90ǰĂÜýćǰöčöÖúšĂÜÝąĀĆîđ×šćĀćüĆêëčïîóČĚîđóČęĂĔĀšđĀĘîöćÖÖüŠćõćóöčöéĉ ęÜǰßŠü÷ĔîÖćøÿøšćÜ

ĒïïÝĈúĂÜǰ3ǰöĉêĉđĀöćąÖĆïóČĚîìĊę×îćéđúĘÖǰĒúą×îćéÖúćÜđîČęĂÜéšü÷đìĊę÷üïĉîìĊęđóĉęöđðŨîǰ2 đìŠć 

 

 

 

 

õćóìĊęǰ��8 ǰÖćøïĉîēéøîĒïïǰDouble Grid 

ìĊęöćǰ�ǰÖøöìĊęéĉîǰ	ö.ð.ð.
 

ĔîÿŠüî×ĂÜÖćøüĉÝĆ÷ĔîÙøĆĚÜîĊĚÝąĔßšøĎðĒïïÖćøïĉî×ĂÜĂćÖćý÷ćîĕøšÙî×ĆïǰĒïïǰ

Single Grid ĀøČĂǰGridǰđîČęĂÜéšü÷øĎðĒïïÖćøïĉîðøąđõìîĊĚöĊÖćøìĈÜćîìĊęÙŠĂî×šćÜÿąéüÖǰøüéđøĘüǰ

ðøąĀ÷ĆéìĆĚÜđüúćǰĒúąÙŠćĔßšÝŠć÷ĔîÖćøìĈÜćî 



12 

2.2.3. ÖćøêøüÝÙŠćÙüćöëĎÖêšĂÜ 

ÖćøüĉđÙøćąĀŤñúÝąüĉđÙøćąĀŤĔîøĎð×ĂÜÙŠćÙüćöÙúćéđÙúČęĂîđßĉÜêĈĒĀîŠÜ  Root 

Mean Square Error (RMSE) đóČęĂðøąđöĉîÙŠćÙüćöúąđĂĊ÷éìĊęëĎÖêšĂÜđßĉÜêĈĒĀîŠÜ×ĂÜÙŠćóĉÖĆéēé÷

öĊÿöÖćøĔîÖćøüĉđÙøćąĀŤéĆÜîĊĚ 

506([� ට
�

Q
σ �[ሺPJሻ���[ሺVXUYH\ሻ��Q

L �      (1) 

3.4&Z��ට
�

O
σ 	ZሺPJሻ���ZሺTVSWFZሻ
�O

J��      (2) 

3.4&[��ට
�

O
σ 	[ሺPJሻ���[ሺTVSWFZሻ
�O

J��      (3) 

3.4&S���ඥ3.4&Y
����3.4&Z

�      (4) 

3.4&5���ඥ3.4&S
����3.4&[

�      (5) 

ēé÷ìĊę 

� nǰÙČĂÝĈîüîÝčéǰGCP ĀøČĂǰCPǰìĊęĔßšĔîÖćøìĈüĉÝĆ÷îĊĚìĆĚÜĀöé 

� YሺPJሻ�ZሺPJሻ�[ሺPJሻ�ÙČĂǰÙŠćóĉÖĆéǰx, y Ēúąǰz êćöúĈéĆïìĊęĕéšÝćÖÖćøðøąöüúñúéšü÷õćó 

� [ሺVXUYH\ሻ�ZሺTVSWFZሻ�[ሺTVSWFZሻǰÙČĂǰÙŠćóĉÖ Ćéǰx, y Ēúąǰz êćöúĈéĆïìĊ ęĕé šÝćÖÖćøÿĈøüÝ

õćÙóČĚîéĉî 

2.2  ÜćîüĉÝĆ÷ìĊęđÖĊę÷ü×šĂÜ 

B. Umashankar, and R. Satish (n.d.) üĉì÷ćîĉóîíŤî Ċ Ě ǰđðŨîÖćøýċÖþćǰÖćøÝĆéĀćĒúą

éĈđîĉîÜćîéšćîÙüćöðúĂéõĆ÷đóČęĂïøøđìćĂĆîêøć÷ÿĈĀøĆïëîîìĊęêĉéÖĆïĂčì÷ćîÙüćöĀúćÖĀúć÷

ìćÜßĊüõćóìĊęǰTSIIC ĕÙđïĂøćïĆéǰøĆåđêúĆÜÙćîćǰðøąđìýĂĉîđéĊ÷ǰēé÷ÝąđðŨîøć÷ÜćîÖćøĔßšĂćÖćý

÷ćîĕøšÙî×ĆïĔîÖćøÿĈøüÝǰđóČęĂÖćøüĉđÙøćąĀŤìćÜíøèĊüĉì÷ćǰĒúšüîĈ×šĂöĎúìĊęĕéšÝćÖĂćÖćý÷ćîĕøš

Ùî×ĆïĕðüĉđÙøćąĀŤúĆÖþèąìćÜíøèĊüĉì÷ćǰđÿëĊ÷øõćó×ĂÜìćÜúćéǰđóČęĂĔĀšÙĈĒîąîĈĔîÖćøìĈ

ēÙøÜÖćøĒúąðøąöćèøć÷úąđĂĊ÷éêŠćÜėǰēé÷×šĂöĎúìĊęĕéšÝćÖĂćÖćý÷ćîĕøšÙî×ĆïÝąëĎÖîĈĕðìĈǰ

Digital Elevation Model (DEM) ĒúąúĆÖþèą×ĂÜóČĚîñĉüǰÝćÖîĆĚîìĈǰ Idealized DEMs ĔĀšđðŨî
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×šĂöĎúìĊęóøšĂöîĈĕðĔßšÙĈîüèĒúąüĉđÙøćąĀŤêŠĂĕðǰÝćÖñúÖćøÿĈøüÝìćÜíøèĊüĉì÷ćĒúąüĉđÙøćąĀŤ

×šĂöĎúÝćÖǰ Idealized DEMs ĕéšüŠćǰúĆÖþèą×ĂÜĀĉîÿŠüîĔĀâŠđðŨîĀĉîĒÖøîĉêǰđøĊ÷ÜêĆüĒîüøćïĔî

ìĉýìćÜđĀîČĂ�ĔêšǰöĊøĂ÷êŠĂðøćÖäĔĀšđĀĘîǰöĊĀĉîÖøąÝć÷ĔÖúšėđ×ćïøĉđüèìćÜúćéǰöüúéĉîïćÜÿŠüî

ëĎÖÿĕúéŤúÜöćÝćÖđ×ćǰøĂ÷ĒêÖÖüšćÜðøąöćèǰ�ǰ�ǰ�� cm öĊÖćøøĆęüàċöĔîøĂ÷ĒêÖǰÿćöćøë

öĂÜđĀĘîĕéšïøĉđüèĀîšćñćǰĒúąöĊÖćøÿøšćÜĒïïÝĈúĂÜđÿëĊ÷øõćó×ĂÜìćÜúćéđóČ ęĂüĉđÙøćąĀŤ

ÙčèÿöïĆêĉìćÜíøèĊüĉì÷ćéšćîüĉýüÖøøöĒúąüĉì÷ćýćÿêøŤđóČęĂĀćïøĉđüèĀîšćêĆéëîîìĊęüĉÖùêĉ 

Fitzpatrick (����
ǰUnmanned Aerial Systems for Surveying and Mapping: Cost 

Comparison of UAS versus Traditional Methods of Data Acquisition ÖćøýċÖþćîĊ ĚđðŨî

ÖćøýċÖþćđÖĊę÷üÖĆïÖćøĔßšǰUAS ĔîÖćøìĈĒñîìĊęõĎöĉðøąđìýĒúąìĈÖćøÿĈøüÝđßĉÜðøĉöćêøǰēé÷

đðŨîÖćøýċÖþćđðøĊ÷ïđìĊ÷ïÖćøÿĈøüÝēé÷ĔßšǰUAS ÖĆïÖćøÿĈøüÝõćÙóČĚîéĉîéšü÷üĉíĊǰLIDAR àċęÜđðŨî

ÖćøđðøĊ÷ïđìĊ÷ïēé÷Ĕßš×šĂöĎúéšćîÖćøðøąöüúñúĒúąÙĈîüèđßĉÜðøĉöćèǰøą÷ąđüúćǰĒúąÙüćö

ĒöŠî÷ĈðøąÖĂïÖćøóĉÝćøèćǰñúìĊęĕéšÝćÖÖćøýċÖþćóïüŠćǰÖćøÿĈøüÝēé÷ĔßšǰUAS îĆĚîÝąĔßš

øą÷ąđüúćĒúąÜïðøąöćèĔîÖćøÿĈøüÝîšĂ÷ÖüŠćǰĂĊÖìĆĚÜ÷ĆÜöĊÖćøðøąöüúñúìĊęöĊðøąÿĉ ìíĉõćó

öćÖÖüŠćĀćÖìĈÖćøÿĈøüÝĔîóČĚîìĊęēúŠÜǰĒêŠĂ÷ŠćÜĕøÖĘêćöĀćÖđðŨîóČĚîìĊęìĊęĕöŠđðŗéēúŠÜÙŠćÙüćöĒöŠî÷Ĉ

ìĊęĕéšÝćÖÖćøÿĈøüÝēé÷ĔßšǰUAS ÖĘ÷ĆÜöĊÙŠćêęĈÖüŠćÖćøÿĈøüÝõćÙóČĚîéĉîéšü÷üĉíĊǰLIDAR 

Smeatonǰ (� � � � )ǰ Surveying Applications of Photogrammetric UAVs a 

comparison with conventional Surveyǰtechniques üĉì÷ćîĉóîíŤîĊ ĚđðŨîÖćøđðøĊ÷ïđìĊ÷ï

øąĀüŠćÜüĉíĊÖćøĔßšĂćÖćý÷ćîĕøšÙî×ĆïĀøČĂǰUAVs ĔîÖćøøĆÜüĆééšü÷õćóëŠć÷ǰÖĆïüĉíĊÖćøÿĈøüÝĒïï

ìĆęüĕðēé÷ÿĉęÜìĊęîĈöćđðøĊ÷ïđìĊ÷ïÖĆîÙČĂǰÙüćöëĎÖêšĂÜǰÙüćöĒöŠî÷Ĉǰ×šĂÝĈÖĆéǰĒúąêšîìčîÖćø

éĈđîĉîÜćîēé÷øüö×ĂÜìĆĚÜǰ�ǰüĉíĊÖćøÿĈøüÝǰàċęÜñúìĊęĕéšĔîđøČęĂÜÙüćöëĎÖêšĂÜĒúąĒöŠî÷Ĉ×ĂÜÖćøĔßš

ĂćÖćý÷ćîĕøšÙî×ĆïđìĊ÷ïÖĆï×šĂöĎúìĊęìøćïÙŠćðøćÖãüŠćǰöĊÙüćöëĎÖêšĂÜĒúąĒöŠî÷ĈÿĎÜēé÷öĊÙüćö

ÙúćéđÙúČęĂîĔîĒîüéĉęÜìĊęǰ���ǰ��ǰöö�ǰĒúąÙüćöÙúćéđÙúČęĂîĔîĒîüøćïìĊęǰ���ǰ��ǰöö�ǰéšćî

×šĂÝĈÖĆé×ĂÜÖćøĔßšĂćÖćý÷ćîĕøšÙî×ĆïÝąđðŨîđøČęĂÜ×ĂÜÿõćóóČĚîéĉîìĊęöĊêšîĀâšćðÖÙúčöóČĚîñĉüǰ

ĂćÙćøÿĉęÜÖŠĂÿøšćÜǰĒĀúŠÜîĚĈĒúąÿĊüĆêëčàċęÜđðŨî×šĂÝĈÖĆé×ĂÜǰUAVs ÿŠüîÖćøÝĆéÿøøêšîìčîÖćøĔßš

ĂćÖćý÷ćîĕøšÙî×ĆïöĊÖćøĔßšêšîìčîìĊęîšĂ÷ÖüŠćÖćøÿĈøüÝĒïïìĆęüĕð 

íĊøą, Ăõĉÿĉìíĉĝ, ĒúąÙöýĉúðşǰ	����
ǰÖćøðøą÷čÖêŤĔßšĂćÖćý÷ćîĕøšÙî×ĆïøćÙćëĎÖĔîÖćøìĈ

ĒñîìĊęÙüćöúąđĂĊ÷éÿĎÜǰÖøèĊýċÖþćÖćøìĈĒñîìĊęöĀćüĉì÷ćúĆ÷đìÙēîēú÷ĊóąÝĂöđÖúšćíîïčøĊǰóČĚîìĊę

ÖćøýċÖþćøćßïčøĊǰéšü÷đìÙîĉÙÖćøÿĈøüÝéšü÷õćóëŠć÷ìćÜĂćÖćýÝćÖĂćÖćý÷ćîĕøšÙî×Ćïßîĉé
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øćÙćëĎÖǰđóČęĂÿøšćÜõćóĂĂøŤēíĒïïÝĈúĂÜøąéĆïóČĚîñĉüüĆêëčǰĒïïÝĈúĂÜøąéĆïóČĚîéĉîĒúąðøąđöĉî

ĀćÙŠćÙüćöëĎÖêšĂÜ×ĂÜĒñîìĊęĒúąĒïïÝĈúĂÜǰĕéšñúüŠćđìÙîĉÙÖćøÿĈøüÝéšü÷õćóëŠć÷ÝćÖĂćÖćý

÷ćîĕøšÙî×ĆïßîĉéøćÙćëĎÖđðŨîđìÙēîēú÷ĊìĊęöĊÙüćöÖšćüĀîšćǰĒúąÿćöćøëđ×šćöćđðúĊę÷îøĎðĒïïÖćø

ìĈĒñîìĊęĒïïđéĉöǰĂĊÖìĆĚÜ÷ĆÜðøąĀ÷ĆéìĆĚÜÙŠćĔßšÝŠć÷ǰđüúćǰĒúąĒøÜÜćîĔîÖćøìĈÜćîĔîÿîćöĕéšöćÖ 

íĊøßĆ÷ǰ	����
ǰÖćøðøą÷čÖêŤĔßšõćóëŠć÷ìćÜĂćÖćýđßĉÜđú×ĒúąÜćîøĆÜüĆééšü÷éćüđìĊ÷öđóČęĂ

ÖćøÿĈøüÝĒúąĂĂÖĒïïìćÜĀúüÜǰ�ǰÖøèĊýċÖþćìćÜđúĊę÷ÜđöČĂÜĒöŠăŠĂÜÿĂîǰüĆêëčðøąÿÜÙŤĀúĆÖđóČęĂ

ìĈÖćøýċÖþćĒîüìćÜÖćøĔßšüĉíĊÖćøÿĈøüÝéšü÷õćóëŠć÷ìćÜĂćÖćýđßĉÜđú×ǰēé÷ñúúĆóíŤìĊęĕéšÝćÖ

ÖćøðøąöüúñúõćóëŠć÷đßĉÜđú×ÙČĂǰĒïïÝĈúĂÜøąéĆïÿĎÜĒúąõćóëŠć÷éĆéĒÖšĂĂøŤēíǰàċęÜÿćöćøëĔßš

đðŨî×šĂöĎúðøąÖĂïÖćøĂĂÖĒïïĒîüìćÜÖćøÝĆéÖøøöÿĉìíĉĝìĊęéĉîĔîđ×êìćÜǰĀøČĂĔßšðøąÖĂïÖĆï

ĒïïĒîüìćÜøćïǰìĆĚÜîĊĚÿĉęÜìĊęêšĂÜÙĈîċÜëċÜĔîÖćøĔßšüĉíĊÖćøéĆÜÖúŠćüÙČĂǰÙüćöëĎÖêšĂÜ×ĂÜÝčéóĉÖĆéĔîǰ�ǰ

öĉêĉǰøą÷ąđüúćĔîÖćøìĈÜćîǰĒúą×îćéóČĚîìĊęĔîÖćøÝĆéđÖĘï×šĂöĎúéĉÝĉìĆú 

íĊøóúǰ	����
ǰÖćøðøą÷čÖêŤĔßšõćóëŠć÷ìćÜĂćÖćýĒúąÖúčŠöÝčéÿćööĉêĉĔîÖćøüćÜĒñîüĉíĊ

ÖŠĂÿøšćÜ�ÖøèĊýċÖþćǰēÙøÜÖćøÖŠĂÿøšćÜìćÜ÷ÖøąéĆïǰđîČęĂÜÝćÖēÙøÜÿøšćÜóČĚîåćîëîîĒúąìćÜ

÷ÖøąéĆïöĊúĆÖþèąóČĚîìĊęÖŠĂÿøšćÜ×îćéĔĀâŠĒúąöĊøą÷ąìćÜöćÖǰÖćøüćÜĒñîÖćøìĈÜćîÝċÜöĊÙüćö

ÝĈđðŨîêšĂÜĂšćÜĂĉÜ×šĂöĎúìĊęđðŨîðŦÝÝčïĆîĒúąöĊÙüćöúąđĂĊ÷éÿĎÜǰđóČęĂúéÙüćöđÿĊę÷ÜìĊęĂćÝđÖĉéÙüćö

ÙúćéđÙúČęĂîĔîÖćøìĈÜćîĕéšǰÜćîüĉÝĆ÷îĊĚĕéšđÿîĂĒîüÙĉéÖćøðøą÷čÖêŤĔßšêšîĒïïđÿöČĂîßŠü÷

üćÜĒñîüĉíĊìĈÜćîÖŠĂÿøšćÜǰēé÷ĂšćÜĂĉÜ×šĂöĎúÿõćóóČĚîÝćÖĒïïÝĈúĂÜÖúčŠöÝčéÿćööĉêĉǰìĊęĕéšÝćÖÖćø

ðøąöüúñúõćóëŠć÷ÝćÖĂćÖćý÷ćîĕøšÙî×ĆïǰàċęÜßŠü÷ĔĀšÿćöćøëüĉđÙøćąĀŤĒúąÿøšćÜĒïïÝĈúĂÜ

óČĚîìĊę×îćéĔĀâŠĕéšĂ÷ŠćÜøüéđøĘüǰĒúąêŠĂöćĕéšöĊÖćøóĉÿĎÝîŤÖøĂïĒîüÙĉéÖćøðøą÷čÖêŤĔßšĒïïÝĈúĂÜ

éĆÜÖúŠćüĔîÖćøüćÜĒñîüĉíĊìĈÜćîÖŠĂÿøšćÜéšü÷ÖćøÿøšćÜêšîĒïïđÿöČĂîĒÿéÜüĉíĊìĈÜćîǰ�ǰÖĉÝÖøøö

ÖŠĂÿøšćÜĔîēÙøÜÖćøÖøèĊýċÖþćǰēé÷ñúúĆóíŤìĊęĕéšÝćÖÖćøðøą÷čÖêŤĔßšÖøĂïĒîüÙĉééĆÜÖúŠćüÙČĂǰ

êšîĒïïđÿöČĂîüĉíĊÖćøÝĆéÖćøóČĚîìĊęÖĂÜđÖĘïüĆÿéčǰêšîĒïïđÿöČĂîÖćøìĈÜćî×ĂÜđÙøČęĂÜÝĆÖøǰĒúą

êšîĒïïđÿöČĂî×ĆĚîêĂîÖćø×îÿŠÜüĆÿéčđ×šćóČĚîìĊęÖŠĂÿøšćÜ 

üøóÝîŤǰ	����
ǰĒïïÝĈúĂÜóČĚîñĉüõĎöĉðøąđìýđßĉÜêĆüđú×ÝćÖĂćÖćý÷ćîĕøšÙî×ĆïđóČęĂßŠü÷

êĉéêćöÜćîéĉî×čéĒúąëöĔîēÙøÜÖćøÖŠĂÿøšćÜēÙøÜÿøšćÜóČĚîåćîǰÖøąïüîÖćøÿĈÙĆâ×ĂÜÜćî

ÖŠĂÿøšćÜóČĚîåćîÙČĂǰÖćøðøĆïÿõćóõĎöĉðøąđìýĔĀšđðŨîĕðêćöìĊęĂĂÖĒïïĕüšǰĒêŠēé÷ðÖêĉîĆĚîÝąĕöŠ

ÿćöćøëêĉéêćöĒúąêøüÝÿĂïÖćøìĈÜćîĕéšǰ ÝċÜÿŠÜñúìĈĔĀšđÖĉéÖćøìĈÜćîàĚĈàšĂîĒúąÿĉĚîđðúČĂÜ

ÙŠćĔßšÝŠć÷ēé÷ĕöŠÝĈđðŨîǰàċęÜöĊÿćđĀêčĀúĆÖöćÝćÖÖćø×ćéøąïïêĉéêćöêøüÝÿĂïìĊęđĀöćąÿöĒúą
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ÿćöćøëÿąìšĂîõćóóČĚîìĊęÝøĉÜĕéšĂ÷ŠćÜÙøïëšüîǰÜćîüĉÝĆ÷îĊĚÝċÜĕéšîĈđĂćĂćÖćý÷ćîĕøšÙî×Ćïöć

ðøą÷čÖêŤĔßšĔîÖćøÿøšćÜĒïïÝĈúĂÜóČĚîñĉüõĎöĉðøąđìýđßĉÜêĆüđú×ÙüćöúąđĂĊ÷éÿĎÜ×ĂÜóČĚîìĊęēÙøÜÖćøǰ

àċęÜöĊüĉíĊÖćøéĈđîĉîÜćîìĊęÜŠć÷ǰĔßšđüúćĒúąÙŠćĔßšÝŠć÷îšĂ÷ǰĒúąÜćîüĉÝĆ÷îĊĚĕéšîĈđÿîĂĒîüÙĉéÖćø

óĆçîćøąïïêĉéêćöÖćøìĈÜćîàĚĈàšĂî×ĂÜÜćîéĉî×čéĒúąëöøąĀüŠćÜÖøąïüîÖćøÖŠĂÿøšćÜĔî

ēÙøÜÖćøÖŠĂÿøšćÜēÙøÜÿøšćÜóČĚîåćîǰðøąÖĂïéšü÷ǰ�
ǰøąïïÿĈĀøĆïđÖĘï×šĂöĎúõćÙÿîćöǰ�
ǰøąïï

ÿĈĀøĆïðøąöüúñúõćóëŠć÷ǰ�
ǰøąïïÿĈĀøĆïĔßšüĉđÙøćąĀŤ×šĂöĎúÖćøìĈÜćîàĚĈàšĂîǰñúÖćøìéÿĂï

øąïïĔîÖćøýċÖþćóïüŠćǰÿćöćøëêøüÝüĉđÙøćąĀŤÖćøìĈÜćîàĚĈàšĂîĕéšìĆĚÜĔîÿŠüîÖĉÝÖøøöÜćî×čé

éĉîĒúąÖĉÝÖøøöÜćîëöéĉîìĊęđÖĉé×ċĚîĔîßŠüÜđüúćìĊęìĈÖćøýċÖþćǰàċęÜðŦÝÝĆ÷ìĊęöĊñúÖøąìïêŠĂÙüćö

ëĎÖêšĂÜĒöŠî÷ĈđßĉÜðøĉöćèĔîóČĚîìĊęìéÿĂï×ċĚîĂ÷ĎŠÖĆïøąïïÿĈĀøĆïđÖĘï×šĂöĎúõćÙÿîćö 

ýĎî÷Ť×šĂöĎúĒñîìĊęøĎðĒðúÜìĊęéĉîǰÖøöìĊęéĉîǰ	ö�ð�ð�
ǰÖćøéĈđîĉîÖćøēé÷ÖćøëŠć÷ìĂéĒîüđ×ê

ìĊęéĉîĒðúÜÿčéìšć÷ìĊęêĉéÖĆïìćÜÿćíćøèðøąē÷ßîŤĔîÖćøÖĈĀîéĒîüđ×êēé÷óĉÝćøèćÝćÖõćóëŠć÷

ìćÜĂćÖćýìĊęÝĆéìĈēé÷ÖøöĒñîìĊęìĀćøǰĀćÖÿõćóóČĚîìĊ ęöĊÖćøđðúĊ ę÷îĒðúÜǰÝĈđðŨîêšĂÜïĉî

ëŠć÷õćóĔĀöŠđóČęĂĔĀš×šĂöĎúđðŨîðŦÝÝčïĆîǰêšĂÜĔßšøą÷ąđüúćĔîÖćøéĈđîĉîÖćøîćîĒúąđÿĊ÷ÙŠćĔßšÝŠć÷

ĔîÖćøïĉîÝĈîüîöćÖǰÖøöìĊęéĉîÝċÜöĊÙüćöÝĈđðŨîêšĂÜĔßšĂćÖćý÷ćîĕøšÙî×Ćïǰ	UAV) öćéĈđîĉîÖćø

ëŠć÷õćóĔîóČĚîìĊę×îćéđúĘÖǰđóČęĂĔĀšĕéšõćóëŠć÷ìĊęđðŨîðŦÝÝčïĆîǰÿĈĀøĆïĔßšĔîÖćøïøĉĀćøÝĆéÖćøïčÖøčÖ

ìćÜÿćíćøèðøąē÷ßîŤêŠĂĕð 

ÿčíĉêćǰĂŠĂîîĉęöǰ	����
ǰÖćøýċÖþćđìÙîĉÙÖćøÿÖĆéÙŠćÙüćöÿĎÜ×ĂÜĂćÙćøēé÷×šĂöĎúĂćÖćý

÷ćîĕøšÙî×ĆïĔîđ×êóČĚîìĊęđöČĂÜǰüĉì÷ćîĉóîíŤîĊĚđðŨîÖćøîĈ×šĂöĎúÝćÖĂćÖćý÷ćîĕøšÙî×ĆïöćĔßšĔî

đøČęĂÜ×ĂÜÖćøÿÖĆéÙŠćÙüćöÿĎÜ×ĂÜĂćÙćøĒúąÖćøÿøšćÜǰ�D Model ēé÷îĈöćđðøĊ÷ïđìĊ÷ïøąĀüŠćÜ

ēðøĒÖøöǰAgisoft Photoscan ÖĆïǰēðøĒÖøöǰPix�Dmapper đóČęĂðøąđöĉîðøąÿĉìíĉõćóĒúą

Öćøðøąöüúñú×ĂÜēðøĒÖøöĔĀšĕéšöćàċęÜÙŠćÙüćöÿĎÜìĊęĂ÷ĎŠĔîøĎð×ĂÜǰDEM ĒúąDSM àċęÜñúìĊęĕéš×ĂÜ

ìĆ ĚÜǰ�ǰēðøĒÖøöîĈöćüĉđÙøćąĀŤÖĆïÙŠćÙüćöÿĎÜìĊ ęĕéšÝćÖđÙøČ ęĂÜöČĂüĆéÙüćöÿĎÜĔîóČĚîìĊ ęý ċÖþćǰ

öĀćüĉì÷ćúĆ÷îđøýüøǰÝĆÜĀüĆéóĉþèčēúÖĕéšñúüŠćēðøĒÖøöǰPix�Dmapper ĕéšÙŠćÙüćöÿĎÜĔÖúšđÙĊ÷Ü

ÖĆïđÙøČęĂÜöČĂüĆéÙüćöÿĎÜöćÖÖüŠćēðøĒÖøöǰAgisoft Photoscan 

ÿĈîĆÖÜćîđÝšćìŠćõĎöĉõćÙìĊęǰ��ǰ	ö�ð�ð�
ǰÖćøïĉîÿĈøüÝÿõćóúĈîĚĈéšü÷ĂćÖćý÷ćîĕøšÙî×Ćï

ĒúąÿøšćÜĒñîìĊęÝćÖõćóëŠć÷ìćÜĂćÖćýǰïìÙüćöîĊĚÝąÖúŠćüëċÜÖćøđêøĊ÷öóøšĂöÖŠĂîÖćøìĈÖćø

ïĉîǰÖćøüćÜĒñîǰÖćøïĉîõćóëŠć÷ǰÖćøðøąöüúñúÿĈĀøĆïÖćøîĈĂćÖćý÷ćîĕøšÙî×ĆïöćïĉîÿĈøüÝ

ÿõćóúĈîĚĈđóČęĂìĊęÝąÿøšćÜĒñîìĊęõćóëŠć÷ìćÜĂćÖćýǰĒúąÖćøîĈ×šĂöĎúĕðĔßšĔîēðøĒÖøöĂČęîėǰđßŠîǰ
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Teramodel Autocad ĒúąǰQgis đðŨîêšîǰøüöĕðëċÜ×šĂéĊĒúą×šĂđÿĊ÷×ĂÜÖćøĔßšĂćÖćý÷ćîĕøš

Ùî×ĆïĔîÖćøÿĈøüÝ 
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ïììĊęǰ� 

 

üĉíĊÖćøéĈđîĉîÜćîüĉÝĆ÷ 

3.1 ÖĈĀîéĀöčéÿĈøüÝĒúąÝčéÙüïÙčöõćóëŠć÷ĔîóČĚîìĊęìĊęìĈÖćøýċÖþć 
3.1.1 ÖćøÖĈĀîéĀöčéÿĈøüÝǰÖĈĀîéêĈĒĀîŠÜ×ĂÜĀöčéÿĈøüÝĔĀšÙøĂïÙúčöóČĚîìĊęìĊę

ìĈÖćøýċÖþćǰÿćöćøëìĈÖćøÿĈøüÝõćÙóČĚîéĉîĕéšǰđóČęĂĀćÙŠćøąéĆïĒúąÙŠćóĉÖĆé×ĂÜóČĚîìĊęýċÖþć 

3.2.1 ÖĈĀîéÝčéÙüïÙčöõćóëŠć÷ìćÜĂćÖćýǰÙüøÖĈĀîéÝčéÙüïÙčöõćóëŠć÷ìćÜ

ĂćÖćýĔĀšÿćöćøëđĀĘîĕéšßĆéđÝîǰÙøĂïÙúčöóČĚîìĊęÖćøýċÖþć 

 

 

 

 

 

 

 

 

 

 

 

 

õćóìĊęǰ3.1ǰǰÝčéÙüïÙčöõćóëŠć÷ìćÜĂćÖćý 
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3.2 ÖćøđéĉîøąéĆï 

3.1.1 üćÜĕöšǰstaff �ǰĕöšǰĕüšïîĀöčéĀúĆÖåćîǰñĎ šìĊ ęëČĂĕöšǰstaff ĂćÝĔßšôĂÜÖúöđðŨî

đÙøČęĂÜöČĂđÿøĉöđóČęĂìĊęÿćöćøëüćÜĕöšǰ staff ĕéšêøÜ÷ĉęÜ×ċĚîǰÝćÖîĆĚîêĉéêĆĚÜÖúšĂÜøąéĆïĕüšøąĀüŠćÜĕöšǰ

staff ìĆĚÜǰ�ǰēé÷đúČĂÖìĊęêĉéêĆĚÜĔĀšÿćöćøëöĂÜđĀĘîĕöšǰstaff ĕéšÜŠć÷ĒúąßĆéđÝî 

3.2.1 êĉéêĆĚÜÖúšĂÜøąéĆïēé÷üćÜĕüšïî×ćêĆĚÜÖúšĂÜǰðøĆï×ćêĆĚÜÖúšĂÜĔĀšôĂÜÖúö×ĂÜÖúšĂÜ

øąéĆïĂ÷ĎŠïøĉđüèêøÜÖúćÜüÜÖúöǰÝćÖîĆĚîÙŠĂ÷ėðøĆïÙüÜìĆĚÜǰ�ǰ×ĂÜÖúšĂÜĔĀšôĂÜÖúöĔÖúšđÙĊ÷Ü

ÖċęÜÖúćÜöćÖìĊęÿčé 

3.3.1 ìĈÖćøÿŠĂÜÖúšĂÜĕð÷ĆÜĕöš staff đóČęĂĀćÙŠćøąéĆïǰÖćøĂŠćîÙŠćøąéĆïÝąêšĂÜĂŠćîǰ

ÿć÷Ĕ÷ÖúćÜǰÿć÷Ĕ÷úŠćÜǰĒúąÿć÷Ĕ÷ïîǰđóČęĂêøüÝÿĂïĒúąúéÙüćöñĉéóúćéìĊęÝąđÖĉé×ċĚî  ēé÷üĆé

ĕöšǰstaff Āîšć�ĀúĆÜÿúĆïÖĆîĕðǰøą÷ąĀŠćÜøąĀüŠćÜĕöšĀîšćÖĆïĕöšĀúĆÜĕöŠÙüøêŠćÜÖĆîđÖĉîǰ��ǰđöêø 

3.4.1 đöČęĂüĆéÙŠćøąéĆïđÿøĘÝĒúšüǰÝąìĈÖćøüĆéøąéĆïìĊęĀöčéëĆéĕðēé÷ĕöšǰ staff ìĊęđðŨîĕöš

ĀúĆÜÝąĕðüćÜĕüšìĊ ęĀöčéëĆéĕðÖúć÷đðŨîĕöšĀîšćǰÿŠüîĕöšĀîšć×ĂÜÖćøüĆéøąéĆïÖŠĂîĀîšćîĊ ĚÝą

Öúć÷đðŨîĕöšĀúĆÜēé÷üćÜĕüšìĊęĀöčéđéĉö 

3.5.1 ÙŠćÙüćöĒêÖêŠćÜ×ĂÜÿć÷Ĕ÷ïîïüÖÿć÷Ĕ÷úŠćÜÙĎèÿĂÜêšĂÜĕöŠđÖĉîǰ�ǰöĉúúĉđöêøǰ

đóČęĂúéÙüćöÙúćéđÙúČęĂîĔĀšñŠćîđÖèæŤÜćîøąéĆïßĆĚîìĊęǰ�ǰìĊęÖĈĀîéĔĀšÙŠćÙüćöÙúćéđÙúČęĂîĕöŠđÖĉîǰ

s��ξLǰÝćÖîĆĚîîĈÙŠćøąéĆïÿć÷Ĕ÷ïîúïÿć÷Ĕ÷úŠćÜĒúšüÙĎèǰ���ǰÝąĕéšÙŠćøą÷ąìćÜÝćÖÖúšĂÜ

øąéĆïëċÜĕöšǰstaff 

 

3.3 ÖćøđéĉîüÜøĂï 

3.1.1 đéĉîüÜøĂïéšü÷üĉíĊÖćøüÜøĂïĒïïðŗéēé÷đøĉęöêšîÝćÖĀöčéÙĎŠìĊęìøćïÙŠćĕð÷ĆÜĀöčé

ìĊęĕöŠìøćïÙŠćĒúšüÖúĆïöćïøøÝïĀöčéÙĎŠìĊęìøćïÙŠćĀöčéđéĉöǰĔßšüĉíĊÖćøđéĉîüÜøĂïĒïïđðŗéÖúšĂÜǰ�ǰ

Āîšć 

3.2.1 êĉéêĆĚÜǰReflect ïîĀöčéĂšćÜĂĉÜìĆĚÜĀîšćĒúąĀúĆÜÖúšĂÜǰêĉéêĆĚÜÖúšĂÜĕüšøąĀüŠćÜǰ

Reflect ìĆĚÜÿĂÜïîĀöčéĂšćÜĂĉÜ 

3.3.1 ðøĆïÖúšĂÜüĆéöčöĒúąǰReflect éšü÷üĉíĊÖćøđéĊ÷üÖĆîÖĆïÖúšĂÜøąéĆï ÙČĂǰĔĀšêĆü

ÖúšĂÜĀøČĂǰReflect Ă÷ĎŠêøÜÖĆïĀöčéǰĒúšüðøĆïÖúšĂÜĔĀšĂ÷ĎŠøąîćïđéĊ÷üÖĆïóČĚîēé÷éĎôĂÜÖúö 

3.4.1 ìĈÖćøÿŠĂÜÖúšĂÜĕð÷ĆÜǰReflect ēé÷đøĉęöÝćÖĔĀšĀîšćÖúšĂÜĂ÷ĎŠàšć÷öČĂǰÿŠĂÜĕð÷ĆÜǰ

ReflectǰìĊęĀöčéĂšćÜĂĉÜĀúĆÜÖúšĂÜǰđøĊ÷ÖüŠćǰLB ðøĆïÖúšĂÜĔĀšđÿšîĒîüÖúšĂÜĂ÷ĎŠÖúćÜǰReflect đàĘêÙŠć

öčöĒîüøćïđðŨîǰ�r��Ĵ��ĴĴǰÝćÖîĆĚîĀćøą÷ąìćÜĒîüøćï 
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3.5.1 ĀĆîÖúšĂÜĕð÷ĆÜǰReflect ìĊęĀöčéĂšćÜĂĉÜéšćîĀîšćÖúšĂÜǰđøĊ÷ÖüŠćǰLF ÝćÖîĆĚîĀćöčö

ĒîüøćïĒúąøą÷ąìćÜĒîüøćï 

3.6.1 ÖúĆïÖúšĂÜĒúšüĀĆîĕð÷ĆÜĀöčéĂšćÜĂĉÜéšćîĀîšćÖúšĂÜǰđøĊ÷ÖüŠćǰRF ÝćÖîĆĚîĀćöčö

ĒîüøćïĒúąøą÷ąìćÜĒîüøćï 

3.7.1 ĀĆîÖúšĂÜÖúĆïĕð÷ĆÜĀöčéĂšćÜĂĉÜĀúĆÜÖúšĂÜǰđøĊ÷ÖüŠćǰRB ÝćÖîĆĚîĀćöčöĒîüøćï

Ēúąøą÷ąìćÜĒîüøćï 

3.8.1 ìĈÖćøđÞúĊę÷öčöøćïìĊęüĆéĕéšēé÷öčöìĊęüĆéÝćÖÖúšĂÜĀîšćàšć÷ÖĆïÖúšĂÜĀîšć×üć

êŠćÜÖĆîĕöŠđÖĉîǰ�ĴĴ 

 

3.4 ÖćøÿĈøüÝéšü÷ĂćÖćý÷ćîĕøšÙî×Ćïéšü÷üĉíĊÖćøïĉîĒïïǰSingle Grid Mission 

ÖćøïĉîēéøîĒïïÖøĉéǰ	Grid) đðŨîÖćøüćÜĒñîÖćøïĉîēé÷ÿøšćÜÖøĂïǰ4 đĀúĊę÷öǰđĀöćą

ÿĈĀøĆïóČĚîìĊęìĊęöĊøĎðøŠćÜđðŨîǰ4 đĀúĊę÷öǰđĀöćąÿĈĀøĆïÖćøìĈĒñîìĊęõćóëŠć÷ìćÜĂćÖćýǰĔßšÙüćöÿĎÜ

ĔîÖćøïĉîÿĈøüÝìĊęøąéĆïǰ�5�ǰđöêøđĀîČĂóČĚîéĉîǰēé÷ÖĈĀîéĔĀšöĊÿŠüîàšĂî×ĂÜõćóĀøČĂóČĚîìĊęìĆï

ÖĆî×ĂÜõćóðøąßĉéĔîĒîüïĉîøšĂ÷úąǰ80ǰĒúąÿŠüîđÖ÷ĀøČĂóČĚîìĊęìĊęìĆïÖĆîĂ÷ĎŠøąĀüŠćÜĒîüïĉîìĊęßĉé

ÖĆîøšĂ÷úąǰ��ǰÝčéÙüïÙčöõćóëŠć÷ìĆĚÜĀöéǰ12ǰÝčéǰÖøąÝć÷ÙøĂïÙúčöÿćöćøëöĂÜđĀĘîĕéšđéŠîßĆé

Ă÷ĎŠĔîóČĚîìĊęÿĈøüÝìĆĚÜĀöé 

 

3.5 ÖćøïĉîÿĈøüÝÝąïĉîēé÷ĔßšĒĂóóúĉđÙßĆęîǰPix4DǰĔîēìøýĆóìŤöČĂëČĂ 

öĊ×ĆĚîêĂîéĆÜîĊĚ 

3.1.1 ÖĈĀîéøĎðĒïïÖćøïĉîđðŨîĒïï SingleǰGrid Mission 

3.2.1 ÖĈĀîéóČĚîìĊęìĈÖćøïĉîìĊęÿëćîĊÖćøìéúĂÜÖćøĔßšîĚĈéšü÷đìÙēîēú÷ĊÿöĆ÷ĔĀöŠ 

3.3.1 ÖĈĀîéøąéĆïÖćøïĉîēéøîǰ50ǰđöêøǰÿŠüîàšĂî×ĂÜõćóøšĂ÷úąǰ80ǰÿŠüîđÖ÷×ĂÜ

õćóøšĂ÷úąǰ�� 

3.4.1 êøüÝÿĂïđüúćÖćøïĉî×ĂÜēéøîǰĒúąÿĈøĂÜđüúćĔîÖćøïĉîĕðÖúĆïöć÷ĆÜÝčé

ðúŠĂ÷ēéøî 

3.5.1 ïĆîìċÖĒñîÖćøïĉîĒúšüĂĆóēĀúéúÜēéøîìĊęÝčéðúŠĂ÷ēéøîđóČęĂĔĀšēéøîïĉîêćö

ĒñîìĊęïĆîìċÖĕüš
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3.6 ÖćøðøąöüúñúõćóëŠć÷ìćÜĂćÖćýéšü÷ēðøĒÖøö 

ÖćøðøąöüúñúõćóëŠć÷ìćÜĂćÖćýÝąĔßšēðøĒÖøöǰAgisoft Metashape Photoscan  

öĊ×ĆĚîêĂîéĆÜîĊĚ 

3.1.1 îĈđ×šć×šĂöĎúõćóëŠć÷ìćÜĂćÖćýÝćÖĂćÖćý÷ćîĕøšÙî×Ćïéšü÷üĉíĊÖćøïĉîĒïïǰ

Single Grid Mission 

3.2.1 ÝĆïÙĎŠÝčéìĊęđĀöČĂîÖĆîĔîĒêŠúąõćóéšü÷ÙĈÿĆęÜǰAlign Photo 

3.3.1 ÝĈúĂÜÝčéÙüćöÿĎÜđóČęĂÿøšćÜ×šĂöĎúǰ�ǰöĉêĉ 

3.4.1 ìĈēÙøÜ×Šć÷ǰ�ǰöĉêĉēé÷ÖćøúćÖÝčé×šĂöĎúêŠĂÖĆîđðŨîøĎðÿćöđĀúĊę÷ö 

3.5.1 ìĈÖćøǰBuild DEM đóČęĂĔĀšõćóöĊ×šĂöĎúÙüćöÿĎÜ 

3.6.1 ìĈÖćøǰBuild Orthomosaic đðŨîÖćøîĈ×šĂöĎúǰDEM öćðøĆïĒÖšÙŠćÙüćöÿĎÜĔĀš

öĊÙüćöëĎÖêšĂÜ 

 

3.7 ÖćøđðøĊ÷ïđìĊ÷ïÖćøÿĈøüÝøąĀüŠćÜÖćøÿĈøüÝõćÙóČĚîéĉîÖĆïĂćÖćý÷ćîĕøšÙî×Ćïéšü÷
üĉíĊÖćøïĉîĒïïǰSingle Grid Mission 

ÖćøđðøĊ÷ïđìĊ÷ï×šĂöĎúõćóëŠć÷ìćÜĂćÖćýÖĆïÖćøÿĈøüÝõćÙóČĚîéĉîÝąìĈÖćøđðøĊ÷ïđìĊ÷ï

éšü÷üĉíĊǰRMSE ÝąìĈÖćøđðøĊ÷ïđìĊ÷ïēé÷÷ċéÙŠćÖćøÿĈøüÝõćÙóČĚîéĉîìĊęÿĈøüÝĕéšđðŨîÙŠćìĊęđßČęĂëČĂ

ìĈÖćøđðøĊ÷ïđìĊ÷ïÙŠćǰRMSEX  ,RMSEY ,RMSEZ , RMSER ĒúąÙŠćǰRMSETǰ öĊÙüćöÙúćéđÙúČęĂî

đìŠćĔéǰìĈÖćøđðøĊ÷ïđìĊ÷ïÖĆïöćêøćåćîǰASPRS 2014ǰĂ÷ĎŠĔîđÖèæŤÜćîøąéĆïĔéǰ�)ǰHighest 

accuracy work ,2) Standard Mapping and GIS work ,3) Visualization and less accurate 

work 
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ïììĊęǰ� 

 

ñúĒúąÖćøüĉÝćøèŤ 

4.1 ñúÖćøđéĉîøąéĆï 

 

êćøćÜìĊęǰ��1ǰǰêćøćÜĒÿéÜñúÖćøøĆÜüĆéøąéĆï (1) 

°°�

�µ� ¦³¥³ ­�µÁ�¥̧ ­µ¥Ä¥�¨µ� ­µ¥Ä¥�¨µ� ­�µÁ�¥̧ ¦³¥³ �ª�(+) �¨�(-)

1.310

1.112

2.422 2.422

1.492 1.555

1.297 1.357

2.789 2.790 2.912 2.912

1.519 1.565

1.316 1.363

2.835 2.834 2.928 2.928

1.569 1.543

1.407 1.344

2.976 2.976 2.886 2.887

1.499 1.564

1.299 1.398

2.798 2.798 2.962 2.962

1.495 1.580

1.295 1.380

2.790 2.790 2.960 2.960

1.577 1.510

1.377 1.312

2.954 2.954 2.822 2.822

1.516 1.541

1.321 1.343

2.837 2.836 2.884 2.884

0.035 1.612A7 19.50
1.418 1.442

19.80

-0.016 1.577A6 20.00
1.477 1.411

19.80

-0.081 1.593A5 20.00
1.395 1.480

20.00

0.007 1.674A4 20.00
1.399 1.481

16.60

-0.026 1.667A3 16.20
1.488 1.443

19.90

-0.069 1.693A2 20.30
1.417 1.464

20.20

-0.245 1.762A1 19.50
1.395 1.456

19.80

2.007���001 19.80
1.211

�¼ o� ÎµÁ�·��µ¦­Îµ¦ª��: �µ¥�· ¥¡��r����°�

®¨´� ®�oµ �ªµ¤�nµ�¦³��́HI
Â�o �nµ¦³��́

¦³��́�´Ê��̧É�3 ­µ¥�Ã¥�¦µ�µ¦³��́ �µ�®¤»���.�.001  �¹�®¤»���.�.001 

ª�́�̧É�14 �.�. 2564 Áª¨µ�9.00 �. °µ�µ«�¦o°�
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êćøćÜìĊęǰ���ǰǰêćøćÜĒÿéÜñúÖćøøĆÜüĆéøąéĆï (2)  

°°�

�µ� ¦³¥³ ­�µÁ�¥̧ ­µ¥Ä¥�¨µ� ­µ¥Ä¥�¨µ� ­�µÁ�¥̧ ¦³¥³ �ª�(+) �¨�(-)

1.458 1.151

1.238 0.948

2.696 2.696 2.098 2.099

1.611 1.600

1.382 1.384

2.993 2.994 2.984 2.984

2.187 1.678

2.122 1.457

4.309 4.308 3.136 3.135

1.714 0.283

1.524 0.233

3.238 3.238 0.514 0.516

1.563 1.607

1.485 1.417

3.048 3.048 3.024 3.024

1.569 1.507

1.356 1.432

2.925 2.924 2.938 2.939

0.216 1.746

0.055 1.533

0.271 0.270 3.278 3.279

1.368 1.800

1.207 1.635

2.575 2.574 3.434 3.435

0.135 1.639
21.30 -0.177 3.648

TP7 16.10
1.287 1.717

16.50 -1.582 2.066

TP6

0.055 3.825TP5 21.30
1.462 1.469

7.50

0.107

�¼ o� ÎµÁ�·��µ¦­Îµ¦ª��: �µ¥�· ¥¡��r����°�

16.10

3.770TP4 7.80
1.524 1.512

19.00

1.897 3.663TP3 19.00
1.619 0.257

5.00

-0.071 1.766TP2 6.50
2.154 1.568

22.10

-0.144 1.837TP1 22.90
1.497 1.492

21.60

0.369 1.981A8 22.00
1.348 1.049

20.30

®¨´� ®�oµ �ªµ¤�nµ�¦³��́HI
Â�o �nµ¦³��́

¦³��́�´Ê��̧É�3 ­µ¥�Ã¥�¦µ�µ¦³��́ �µ�®¤»���.�.001  �¹�®¤»���.�.001 

ª�́�̧É�14 �.�. 2564 Áª¨µ�9.00 �. °µ�µ«�¦o°�
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êćøćÜìĊęǰ���ǰǰêćøćÜĒÿéÜñúÖćøøĆÜüĆéøąéĆï (3) 

°°�

�µ� ¦³¥³ ­�µÁ�¥̧ ­µ¥Ä¥�¨µ� ­µ¥Ä¥�¨µ� ­�µÁ�¥̧ ¦³¥³ �ª�(+) �¨�(-)

1.138 1.709

0.911 1.542

2.049 2.048 3.250 3.251

1.635 1.667

1.497 1.405

3.132 3.132 3.072 3.072

1.444 1.038

1.232 0.907

2.676 2.676 1.946 1.945

1.500 1.156

1.293 0.935

2.793 2.794 2.090 2.091

1.380 1.671

1.256 1.456

2.636 2.636 3.126 3.127

1.875 1.596

1.675 1.472

3.550 3.550 3.068 3.068

1.529 1.790

1.431 1.585

2.960 2.960 3.374 3.375

1.396 1.557

1.314 1.439

2.710 2.710 2.996 2.996

TP15 8.20
1.355 1.498

11.80 -0.018 1.790

TP14 9.80
1.480 1.687

20.50 0.088 1.808

TP13 20.00
1.775 1.534

12.40 -0.216 1.720

TP12 12.40
1.318 1.563

21.50 -0.166 1.936

TP11 20.70
1.397 1.045

22.10 0.293 2.102

TP10 21.20
1.338 0.973

13.10 0.593 1.809

TP9 13.80
1.566 1.536

26.20 -0.512 1.216

®¨´� ®�oµ �ªµ¤�nµ�¦³��́HI
Â�o �nµ¦³��́

TP8 22.70
1.024 1.625

16.70 -0.338 1.728

¦³��́�´Ê��̧É�3 ­µ¥�Ã¥�¦µ�µ¦³��́ �µ�®¤»���.�.001  �¹�®¤»���.�.001 
�¼ o� ÎµÁ�·��µ¦­Îµ¦ª��: �µ¥�· ¥¡��r����°�

ª�́�̧É�14 �.�. 2564 Áª¨µ�9.00 �. °µ�µ«�¦o°�
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êćøćÜìĊęǰ���ǰǰêćøćÜĒÿéÜñúÖćøøĆÜüĆéøąéĆï (4) 

 
 
 

°°�

�µ� ¦³¥³ ­�µÁ�¥̧ ­µ¥Ä¥�¨µ� ­µ¥Ä¥�¨µ� ­�µÁ�¥̧ ¦³¥³ �ª�(+) �¨�(-)

1.587 1.446

1.415 1.379

3.002 3.002 2.826 2.825

0.937 1.419

0.827 1.287

1.764 1.764 2.706 2.706

1.648 1.330

1.522 1.244

3.170 3.170 2.574 2.574

1.539 1.087

1.302 0.972

2.841 2.840 2.058 2.059

1.600 1.575

1.277 1.373

2.877 2.876 2.948 2.948

1.083 1.623

0.958 1.294

2.041 2.040 2.916 2.917

1.633 1.630

1.523 1.510

3.156 3.156 3.140 3.140

1.557 1.178

1.470 1.034

3.027 3.028 2.212 2.212

TP23 8.70
1.514 1.106

14.40 0.472 1.879

TP22 11.00
1.578 1.570

12.00 -0.550 1.407

TP21 12.50
1.020 1.458

32.90 -0.020 1.957

TP20 32.30
1.438 1.474

20.20 -0.054 1.977

TP19 23.70
1.420 1.029

11.50 0.556 2.031

TP18 12.60
1.585 1.287

8.60 -0.405 1.475

TP17 11.00
0.882 1.353

13.20 0.148 1.880

®¨´� ®�oµ �ªµ¤�nµ�¦³��́HI
Â�o �nµ¦³��́

TP16 17.20
1.501 1.413

6.70 -0.058 1.732

¦³��́�´Ê��̧É�3 ­µ¥�Ã¥�¦µ�µ¦³��́ �µ�®¤»���.�.001  �¹�®¤»���.�.001 
�¼ o� ÎµÁ�·��µ¦­Îµ¦ª��: �µ¥�· ¥¡��r����°�

ª�́�̧É�14 �.�. 2564 Áª¨µ�9.00 �. °µ�µ«�¦o°�
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êćøćÜìĊęǰ���ǰǰêćøćÜĒÿéÜñúÖćøøĆÜüĆéøąéĆï (5) 

 

 

 

°°�

�µ� ¦³¥³ ­�µÁ�¥̧ ­µ¥Ä¥�¨µ� ­µ¥Ä¥�¨µ� ­�µÁ�¥̧ ¦³¥³ �ª�(+) �¨�(-)

1.570 1.554

1.344 1.437

2.914 2.914 2.992 2.991

1.630 1.654

1.389 1.429

3.019 3.018 3.084 3.083

1.413 1.468

1.189 1.225

2.602 2.602 2.694 2.693

1.497 1.601

1.297 1.385

2.794 2.794 2.986 2.986

1.542 1.627

1.341 1.431

2.883 2.882 3.058 3.058

1.533 1.477

1.334 1.279

2.867 2.866 2.756 2.756

1.483 1.482

1.305 1.282

2.788 2.788 2.764 2.764

0.000 1.235

0.000 1.053

0.000 0.000 2.288 2.288

691.7 54.349 54.342 690.9 5.164 5.157

690.9 54.349

1382.6 -0.007

2.014

A12 17.80
1.394 1.382

20.00 0.051 1.764

A11 19.90
1.433 1.378

19.80

A13 0.00
0.000 1.144

18.20 0.250

0.063 1.713

A10 20.10
1.441 1.529

19.60 -0.132 1.650

A9 20.00
1.397 1.493

21.60 -0.192 1.782

TP26 22.40
1.301 1.347

24.30 0.162 1.974

TP25 24.10
1.509 1.542

22.50 -0.085 1.812

®¨´� ®�oµ �ªµ¤�nµ�¦³��́HI
Â�o �nµ¦³��́

TP24 22.60
1.457 1.496

11.70 0.018 1.897

¦³��́�´Ê��̧É�3 ­µ¥�Ã¥�¦µ�µ¦³��́ �µ�®¤»���.�.001  �¹�®¤»���.�.001 
�¼ o� ÎµÁ�·��µ¦­Îµ¦ª��: �µ¥�· ¥¡��r����°�

ª�́�̧É�14 �.�. 2564 Áª¨µ�9.00 �. °µ�µ«�¦o°�
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4.2 ñúÖćøđéĉîüÜøĂï 

ßČęĂĀöčé öčöøĆÜüĆé Ăàĉöčí øą÷ą đĀîČĂ êąüĆîĂĂÖ Āöć÷đĀêč øą÷ąÿąÿö 

üßð

002 
     Grid Factor = 

0.999926888658 
 

üßð

001 
108 34 15.75 344 21 54.52  1537228 662642.9 

Total Distance = 

1479.266 
����� 

A1 172 42 52.25 272 56 09.80 43.099 1537230 662599.9  ������ 

A2 178 31 48.25 265 39 01.58 54.316 1537226 662545.7  ������ 

A3 91 27 48 264 10 49.37 57.61 1537220 662488.4  ������� 

A4 179 57 55.5 175 38 36.90 40.272 1537180 662491.5  195.283 

A5 180 00 34 175 36 31.93 47.673 1537132 662495.1  242.952 

A6 269 49 44.25 175 37 05.46 60.035 1537072 662499.7  302.983 

TP1 181 50 15.25 265 26 49.24 60.077 1537067 662439.8  363.055 

TP2 299 09 28 267 17 04.03 45.117 1537065 662394.8  408.169 

TP3 149 39 28.75 26 26 31.56 11.557 1537076 662399.9  419.725 

TP4 267 57 57.75 356 05 59.84 38.08 1537114 662397.3  457.803 

TP5 254 58 55 84 03 57.12 15.414 1537115 662412.6  473.215 

TP6 111 11 35.75 159 02 51.65 40.483 1537077 662427.1  513.695 

TP7 186 16 10.5 90 14 26.94 32.772 1537077 662459.9  546.465 

TP8 66 31 09 96 30 36.97 32.753 1537074 662492.4  579.216 

A7 191 52 46.5 343 01 45.50 21.095 1537094 662486.3  600.309 

TP9 176 51 22.25 354 54 31.53 27.956 1537122 662483.8  628.263 

TP10 99 52 12 351 45 53.31 26.964 1537148 662479.9  655.225 

TP11 175 54 44 271 38 04.85 43.49 1537150 662436.5  698.712 

TP12 328 06 14 267 32 48.38 42.282 1537148 662394.2  740.991 

TP13 176 18 34.25 55 39 01.91 20.49 1537159 662411.1  761.479 

TP14 215 45 10.5 51 57 35.69 35.817 1537181 662439.4  797.294 

TP15 180 07 43.5 87 42 45.73 21.824 1537182 662461.2  819.116 

TP16 85 09 26.25 87 50 28.76 14.917 1537183 662476.1  834.032 

TP17 119 26 18 352 59 54.54 30.389 1537213 662472.4  864.419 

TP18 129 32 29.25 292 26 12.07 19.592 1537220 662454.3  884.009 

TP19 205 32 7.25 241 58 40.85 24.421 1537209 662432.7  908.429 

TP20 323 58 4.25 267 30 47.64 43.883 1537207 662388.9  952.308 
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êćøćÜìĊęǰ��6ǰǰêćøćÜĒÿéÜñúÖćøē÷ÜÙŠćóĉÖĆé 

 

 

 

 

 

 

 

 

 

 

ßČęĂĀöčé öčöøĆÜüĆé Ăàĉöčí øą÷ą đĀîČĂ êąüĆîĂĂÖ Āöć÷đĀêč øą÷ąÿąÿö 

TP21 12 46 57 51 28 51.42 54.503 1537241 662431.5  1006.807 

TP22 222 22 1.25 244 15 47.95 24.441 1537230 662409.5  1031.247 

TP23 242 16 01 286 37 48.73 25.526 1537238 662385  1056.771 

TP24 275 03 21.25 348 53 49.26 20.428 1537258 662381.1  1077.197 

TP25 183 06 08 83 57 10.05 45.088 1537262 662425.9  1122.282 

TP26 254 18 16.25 87 03 17.58 48.394 1537265 662474.3  1170.672 

A8 102 14 7.25 161 21 33.36 43.239 1537224 662488.1  1213.908 

A9 182 01 2.25 83 35 40.14 57.077 1537230 662544.8  1270.981 

A10 186 02 2.5 85 36 41.92 54.204 1537234 662598.8  1325.181 

A11 254 58 50.25 91 38 43.96 46.906 1537233 662645.7 öčöñĉéǰ�ǰ0 00 18.25 1372.084 

üßð

002 
357 44 21.25 166 37 33.74 107.19 1537129 662670.5 öčöđÞúĊę÷ = 0 00 00.47 1479.266 

üßð

001 
 344 21 54.52  0.022 -0.027 Closure = 1:42,007 1479.266 
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4.3 ñúÖćøïĉîÿĈøüÝēé÷ĔßšĂćÖćý÷ćîĕøšÙî×Ćïéšü÷üĉíĊÖćøïĉîĒïïǰSingle Grid Mission 

 

Label 
X error 

(cm) 

Y error 

(cm) 

Z error 

(cm) 

XY error 

(cm) 

Total error 

(cm) 

Image 

(pix) 

TP1 -0.44402 3.04296 3.95543 3.07518 5.01021 0.985 (13) 

TP2 -0.46437 -0.05120 -1.84361 0.46718 1.90188 0.924 (15) 

TP8 -0.97253 0.67606 0.96358 1.18443 1.52688 0.584 (11) 

TP10 0.02078 1.40276 -0.08517 1.40291 1.40550 0.585 (17) 

TP11 -0.71198 0.01368 0.36636 0.71211 0.80082 0.465 (24) 

TP12 -0.73403 -1.42241 -1.96116 1.60064 2.53144 0.449 (22) 

TP17 -0.02040 0.55496 -0.41939 0.55533 0.69591 0.179 (4) 

TP19 0.24071 0.50811 0.40522 0.56224 0.69305 0.484 (26) 

TP20 0.84624 -1.95914 0.51123 2.13409 2.19447 0.467 (17) 

TP24 2.29243 -0.09736 2.43455 2.29450 3.34541 0.987 (20) 

TP25 0.85915 -0.07564 -1.39547 0.86248 1.64049 0.792 (25) 

TP26 0.11557 2.64446 -1.79138 2.64698 3.19618 0.709 (20) 

Total 0.87493 1.44693 1.72350 17.49808 2.41444 0.683 

 

êćøćÜìĊęǰ��� ǰÙŠćǰerror ×ĂÜÝčéǰControl points ÝćÖÖćøðøąöüúñúéšü÷ēðøĒÖøöǰ 

Agisoft Metashape Photoscan ēé÷ĔßšõćóÝćÖÖćøïĉîēéøîéšü÷üĉíĊÖćøïĉîĒïïǰ 

Single Grid Mission 
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Label 
X error 

(cm) 

Y error 

(cm) 

Z error 

(cm) 

XY error 

(cm) 

Total error 

(cm) 

Image 

(pix) 

TP3 -0.80461 -1.34796 -0.47065 1.56984 1.63887 0.841 (20) 

TP4 0.11336 -1.07625 1.47293 1.08220 1.82776 0.398 (25) 

TP5 0.07898 -0.67180 0.76709 0.67642 1.02273 0.599 (25) 

TP6 -0.33212 -0.49416 -1.36922 0.59539 1.49307 0.696 (20) 

TP7 2.14397 -0.38206 -12.01030 2.17775 12.20610 0.116 (2) 

TP9 -0.08524 0.81923 1.20620 0.82365 1.46059 0.643 (23) 

TP13 0.34012 -2.07490 -1.10857 2.10259 2.37693 0.382 (18) 

TP14 0.04006 -0.13539 -0.25644 0.14119 0.29274 0.355 (30) 

TP15 -0.39701 0.81398 0.96739 0.90564 1.32515 0.360 (26) 

TP16 -1.46319 2.08394 1.05323 2.54632 2.75554 0.843 (12) 

TP18 0.47145 0.27861 -0.43837 0.54762 0.70147 0.471 (26) 

TP21 0.34000 0.12529 -0.29222 0.36235 0.46550 0.468 (21) 

TP22 0.80280 -0.37926 0.00199 0.88787 0.88788 0.394 (23) 

TP23 -0.03551 -1.00806 0.44812 1.00869 1.10374 0.478 (25) 

Total 0.79193 1.03752 3.32065 13.53097 3.56795 0.534 

 

êćøćÜìĊęǰ��� ǰÙŠć error ×ĂÜÝčéǰCheck points ÝćÖÖćøðøąöüúñúéšü÷ēðøĒÖøöǰ 

Agisoft Metashape Photoscan ēé÷ĔßšõćóÝćÖÖćøïĉîēéøîéšü÷üĉíĊÖćøïĉîĒïïǰ 

Single Grid Mission 
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ïììĊęǰ� 

 

ÿøčðñúÖćøìéúĂÜ 

���ǰǰÿøčðñúÖćøìéúĂÜ 

đöČęĂüĉđÙøćąĀŤĔîõćóøüöÝąóïüŠć öĊÙŠć 

GSD  =  1.67  cm/pix 

RMSEX  =  0.79193 đàîêĉđöêø 

RMSEY   =  1.03752 đàîêĉđöêø 

RMSEXY  =  1.30522 đàîêĉđöêø 

RMSEZ  =  3.32065 đàîêĉđöêø 

RMSET   =  3.56795 đàîêĉđöêø 

 đöČęĂîĈĕðđðøĊ÷ïđìĊ÷ïÖĆïöćêøåćîǰASPRS 2014ǰÝąĕéšñúĂĂÖöćüŠćǰöćêøćÿŠüî×ĂÜĒñîìĊęìĊę

ÿćöćøëìĈĕéšúąđĂĊ÷éÿĎÜìĊęÿčéÙČĂǰ1:200ǰÿćöćøëîĈĕðìĈÜćîìĊęêšĂÜÖćøÙüćöëĎÖêšĂÜĂ÷ĎŠĔîđÖèæŤǰ

Highest Accuracy Work ĕéšǰÙŠćÙüćöëĎÖêšĂÜĔîĒîüøćïìĊęÙüćöđßČęĂöĆęîǰ95%ǰĂ÷ĎŠìĊęǰ3.1ǰđàîêĉđöêøǰ

ÙŠćÙüćöëĎÖêšĂÜĔîĒîüéĉęÜìĊęÙüćöđßČęĂöĆęîǰ95%ǰĂ÷ĎŠìĊęǰ15ǰđàîêĉđöêø 
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5.2  ×šĂđÿîĂĒîą 

 ĔîÜćîüĉÝĆ÷ÙøĆĚÜîĊĚǰÖćøïĉîēéøîéšü÷üĉíĊÖćøïĉîĒïïǰSingle Grid Mission ÿćöćøëîĈöćĔßšĔî

ÜćîéšćîÖćøÿĈøüÝĕéšǰĒêŠĂćÝÝąĕöŠÿćöćøëĔßšĔîÜćîìĊęêšĂÜÖćøÙŠćÙüćöëĎÖêšĂÜĔîđÖèæŤìĊęÿĎÜÖüŠćîĊĚĕéšǰ

đßŠîǰÜćîÖŠĂÿøšćÜìĊęêšĂÜÖćøÙüćöëĎÖêšĂÜĒöŠî÷ĈÿĎÜǰĒêŠÿćöćøëĔßšÖćøïĉîēéøîđóČęĂÿĈøüÝÖŠĂîÿĈĀøĆï

ÖćøóĉÝćøèćüćÜēÙøÜÖćøÖŠĂÿøšćÜĀćÖöĊĀöčéìĊęìøćïÙŠćĂ÷ĎŠĔîēÙøÜÖćø 

 ÿĈĀøĆïÜćîÿĈøüÝĔîÙøĆĚÜîĊĚǰüĉíĊÖćøïĉîĒïïǰSingle Grid Mission ÝąĕéšÙŠćÙüćöëĎÖêšĂÜĔî

ĒîüøćïĔÖúšđÙĊ÷ÜÖĆïüĉí ĊÖćøïĉîĒïïǰDouble Grid MissionǰĒêŠÙŠćÙüćöëĎÖêšĂÜĔîĒîüéĉ ęÜÝą

ÙúćéđÙúČęĂîÖĆîĂ÷ŠćÜđĀĘîĕéšßĆéǰēé÷ĒêÖêŠćÜÖĆîðøąöćèǰ�ǰđàîêĉđöêø 

 ÿĈĀøĆïÜćîìĊęĕöŠĕéšêšĂÜÖćøÙüćöëĎÖêšĂÜĒöŠî÷ĈÿĎÜöćÖǰÖćøĔßšüĉíĊÖćøïĉîĒïï Single Grid 

Mission ÝąđĀöćąÿöÖüŠćǰđóøćąĔßšøą÷ąđüúćĔîÖćøïĉîĕöŠîćîǰĒúąÖćøðøąöüúñúõćóëŠć÷ÿćöćøë

ìĈĕéšøüéđøĘüÖüŠćÖćøïĉîĒïïǰDouble Grid Mission ìĈĔĀšĔßšđüúćìĈÜćîîšĂ÷úÜǰúéÖćøĔßšìøĆó÷ćÖø

ĔîÖćøðøąöüúñúǰĒúąðøąĀ÷ĆéÜïðøąöćè 

 ÿĈĀøĆïÜćîìĊęêšĂÜÖćøÙüćöúąđĂĊ÷éëĎÖêšĂÜ×ĂÜ×šĂöĎúÿĎÜǰöĊìøĆó÷ćÖøĒúąđüúćöćÖóĂǰüĉíĊÖćø

ïĉîĒïïǰDouble Grid Mission ÖĘđðŨîüĉíĊìĊ ęđĀöćąÿöĔîÖćøìĈÜćîǰđóøćą×šĂöĎúìĊęĕéšÝąöĊÝĈîüî

öćÖÖüŠćǰÙøĂïÙúčöÖćøìĈÜćîĒúąðøąöüúñúĕéšĒöŠî÷ĈÖüŠćÖćøïĉîĒïïǰSingle Grid Mission 

 ×šĂöĎúìĊęĕéšÝćÖÜćîüĉÝĆ÷ĔîÙøĆĚÜîĊĚÿćöćøëîĈĕðĔßšĔîÖćøüćÜĒñîÖćøÝĆéÖćøĔßšðøąē÷ßîŤìĊęéĉî

êŠĂĕðĕéšǰđîČęĂÜÝćÖ×šĂöĎúÖćøÿĈøüÝõćÙóČĚîéĉîöĊÙŠćǰclosure = 1ǰ:ǰ42,007 àċęÜñŠćîđÖèæŤÜćîÿĈøüÝ

ßĆĚîìĊęǰ�ǰĒúąǰ×šĂöĎúÖćøÿĈøüÝéšü÷ĂćÖćý÷ćîĕøšÙî×ĆïÿćöćøëîĈĕðìĈĒñîìĊęéšü÷ÿđÖúìĊęúąđĂĊ÷éëċÜǰ ǰ

�ǰ:ǰ�00ǰĕéšÿĈĀøĆïÜćîìĊęêšĂÜÖćøÙüćöëĎÖêšĂÜ×ĂÜ×šĂöĎúÿĎÜ 

 

 

 

� 
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ñúÖćøē÷ÜÙŠćóĉÖĆé 
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êćøćÜõćÙñîüÖìĊęǰÖ�ǰǰñúÖćøē÷ÜÙŠćóĉÖĆéÝćÖēðøĒÖøöǰSmart Survey  
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õćÙñîüÖǰ× 

Agisoft MetashapeǰProcessing Report 
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1. Survey Data 

õćóõćÙñîüÖìĊęǰ×1 ǰCamera locations and image overlap. 

Number of images: 230     Camera stations:  230 

Flying altitude:  56.6 m     Tie points:   169,014 

Ground resolution: 1.67 cm/pix    Projections:   526,316 

Coverage area: ������ǰLNt   Reprojection error:  0.789 pix 

Camera Model Resolution Focal Length Pixel Size Precalibrated 

FC220 (4.73mm) 4000 x 3000 4.73 mm 1.57 x 1.57 wm No 

 

êćøćÜõćÙñîüÖìĊęǰ×1 ǰCameras. 
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2. Camera Calibration 

õćóõćÙñîüÖìĊęǰ×2 ǰImage residuals for FC220 (4.73mm) 

FC220 (4.73mm) 

230 images 

Type   Resolution   Focal Length   Pixel Size 

Frame   4000 x 3000   4.73 mm   1.57 x 1.57 ʅm 

 

êćøćÜõćÙñîüÖìĊęǰ×2 ǰCalibration coefficients and correlation matrix. 

Value Error F Cx Cy B1 B2 K1 K2 K3 K4 P1 P2
F 3088.15 2.2 1.00 -0.00 -0.03 -0.29 -0.00 0.07 -0.88 0.94 -0.94 0.01 0.02

Cx 3.35243 0.094 1.00 -0.01 -0.00 -0.01 0.04 -0.03 0.02 -0.02 0.28 -0.00
Cy -20.4085 0.073 1.00 0.00 -0.01 -0.00 0.01 -0.01 0.02 -0.01 0.35
B1 -19.6025 0.047 1.00 0.00 -0.20 0.25 -0.26 0.27 0.00 0.01
B2 2.23768 0.045 1.00 0.01 -0.01 0.00 -0.00 -0.02 -0.01
K1 0.122034 0.00024 1.00 -0.94 0.89 -0.85 0.04 0.04
K2 -0.709694 0.0022 1.00 -0.99 0.97 -0.03 -0.04
K3 1.65571 0.0073 1.00 -1.00 0.03 0.03
K4 -1.3154 0.0076 1.00 -0.03 -0.03
P1 0.000140832 4.40E-06 1.00 0.02
P2 0.000116564 3.70E-06 1.00
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3. Camera Locations 

 

õćóõćÙñîüÖìĊęǰ×3 ǰCamera locations and error estimates. 

 

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape. 

Estimated camera locations are marked with a black dot. 

 

X error (m) Y error (m) Z error (m) XY error (m) Total error (m) 

3.35693 3.82855 2.79831 5.09183 5.8101 

 

êćøćÜõćÙñîüÖìĊęǰ×3 ǰAverage camera location error. 

X - Easting, Y - Northing, Z - Altitude. 
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4. Ground Control Points 

 

õćóõćÙñîüÖìĊęǰ×4 ǰGCP locations and error estimates. 

 

Z error is represented by ellipse color. X,Y errors are represented by ellipse shape. 

Estimated GCP locations are marked with a dot or crossing. 

Count 
X error 

(cm) 

Y error 

(cm) 

Z error 

(cm) 

XY error 

(cm) 

Total error 

(cm) 

12 �������� ������� ������ ������� ������� 

 

êćøćÜõćÙñîüÖìĊęǰ×4 ǰControl points RMSE. 

X - Easting, Y - Northing, Z - Altitude. 
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Count 
X error 

(cm) 

Y error 

(cm) 

Z error 

(cm) 

XY error 

(cm) 

Total error 

(cm) 

14 0.791928 1.03752 3.32065 1.30522 3.56795 

 

êćøćÜõćÙñîüÖìĊęǰ×5 ǰCheck points RMSE. 

X - Easting, Y - Northing, Z - Altitude. 

 

êćøćÜõćÙñîüÖìĊęǰ×6 ǰControl points. 

X - Easting, Y - Northing, Z - Altitude. 

 

Label 
X error 

(cm) 

Y error 

(cm) 

Z error 

(cm) 

XY error 

(cm) 

Total error 

(cm) 

Image 

(pix) 

TP1 -0.44402 3.04296 3.95543 3.07518 5.01021 0.985 (13) 

TP2 -0.46437 -0.05120 -1.84361 0.46718 1.90188 0.924 (15) 

TP8 -0.97253 0.67606 0.96358 1.18443 1.52688 0.584 (11) 

TP10 0.02078 1.40276 -0.08517 1.40291 1.40550 0.585 (17) 

TP11 -0.71198 0.01368 0.36636 0.71211 0.80082 0.465 (24) 

TP12 -0.73403 -1.42241 -1.96116 1.60064 2.53144 0.449 (22) 

TP17 -0.02040 0.55496 -0.41939 0.55533 0.69591 0.179 (4) 

TP19 0.24071 0.50811 0.40522 0.56224 0.69305 0.484 (26) 

TP20 0.84624 -1.95914 0.51123 2.13409 2.19447 0.467 (17) 

TP24 2.29243 -0.09736 2.43455 2.29450 3.34541 0.987 (20) 

TP25 0.85915 -0.07564 -1.39547 0.86248 1.64049 0.792 (25) 

TP26 0.11557 2.64446 -1.79138 2.64698 3.19618 0.709 (20) 

Total 0.87493 1.44693 1.72350 17.49808 2.41444 0.683 
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Label 
X error 

(cm) 

Y error 

(cm) 

Z error 

(cm) 

XY error 

(cm) 

Total error 

(cm) 

Image 

(pix) 

TP3 -0.80461 -1.34796 -0.47065 1.56984 1.63887 0.841 (20) 

TP4 0.11336 -1.07625 1.47293 1.08220 1.82776 0.398 (25) 

TP5 0.07898 -0.67180 0.76709 0.67642 1.02273 0.599 (25) 

TP6 -0.33212 -0.49416 -1.36922 0.59539 1.49307 0.696 (20) 

TP7 2.14397 -0.38206 -12.01030 2.17775 12.20610 0.116 (2) 

TP9 -0.08524 0.81923 1.20620 0.82365 1.46059 0.643 (23) 

TP13 0.34012 -2.07490 -1.10857 2.10259 2.37693 0.382 (18) 

TP14 0.04006 -0.13539 -0.25644 0.14119 0.29274 0.355 (30) 

TP15 -0.39701 0.81398 0.96739 0.90564 1.32515 0.360 (26) 

TP16 -1.46319 2.08394 1.05323 2.54632 2.75554 0.843 (12) 

TP18 0.47145 0.27861 -0.43837 0.54762 0.70147 0.471 (26) 

TP21 0.34000 0.12529 -0.29222 0.36235 0.46550 0.468 (21) 

TP22 0.80280 -0.37926 0.00199 0.88787 0.88788 0.394 (23) 

TP23 -0.03551 -1.00806 0.44812 1.00869 1.10374 0.478 (25) 

Total 0.79193 1.03752 3.32065 1������ 3.56795 0.534 

 

êćøćÜõćÙñîüÖìĊęǰ×7 ǰCheck points. 

X - Easting, Y - Northing, Z - Altitude. 
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5. Digital Elevation Model 

 

õćóõćÙñîüÖìĊęǰ×5 ǰReconstructed digital elevation model. 

 

Resolution :   3.33 cm/pix 

Point density :   900 QPJOUT�Nt 
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6. Processing Parameters 

 

General 

 Cameras     230 

 Aligned cameras    230 

 Markers      26 

 Coordinate system    WGS 84 / UTM zone 47N (EPSG::32647) 

 Rotation angles    Yaw, Pitch, Roll 

Point Cloud 

 Points      169,014 of 186,476 

 RMS reprojection error    0.385208 (0.788731 pix) 

 Max reprojection error    5.85827 (27.7956 pix) 

 Mean key point size    2.37338 pix 

 Point colors     3 bands, uint8 

 Key points     No 

 Average tie point multiplicity   3.46351 

 Alignment parameters 

  Accuracy     Highest 

  Generic preselection   Yes 

  Reference preselection   Yes 

  Key point limit    20,000 

  Tie point limit    10,000 

  Adaptive camera model fitting  Yes 

  Matching time    2 minutes 7 seconds 

  Alignment time    1 minutes 33 seconds 

 Optimization parameters 

  Parameters    f, b1, b2, cx, cy, k1-k4, p1, p2 

  Adaptive camera model   fitting No 

  Optimization time   6 seconds  
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Depth Maps 

 Count      230 

 Reconstruction parameters 

  Quality     High 

  Filtering mode    Aggressive 

  Processing time    59 minutes 43 seconds 

Dense Point Cloud 

 Points      64,689,746 

 Point colors     3 bands, uint8 

 Reconstruction parameters 

  Quality     High 

  Depth filtering    Aggressive 

  Depth maps generation time  59 minutes 43 seconds 

  Dense cloud generation time  33 minutes 20 seconds 

Model 

 Faces      12,840,686 

 Vertices     6,424,409 

 Vertex colors     3 bands, uint8 

 Texture      4,096 x 4,096, 4 bands, uint8 

 Reconstruction parameters 

  Surface type    Height field 

  Source data    Dense 

  Interpolation    Enabled 

General 

 Quality      High 

 Depth filtering     Aggressive 

 Face count     12,937,949 

 Processing time    3 minutes 1 seconds 

 



47 

 Texturing parameters 

  Mapping mode    Orthophoto 

  Blending mode    Mosaic 

  Texture size    4,096 x 4,096 

  Enable hole filling   Yes 

  Enable ghosting filter  Yes 

  UV mapping time    2 minutes 29 seconds 

  Blending time    24 minutes 27 seconds 

DEM 

 Size      7,152 x 10,271 

 Coordinate system    WGS 84 / UTM zone 47N (EPSG::32647) 

 Reconstruction parameters 

  Source data    Mesh 

  Interpolation    Enabled 

  Processing time    1 minutes 27 seconds 

Orthomosaic 

 Size      11,861 x 16,433 

 Coordinate system    WGS 84 / UTM zone 47N (EPSG::32647) 

 Colors      3 bands, uint8 

 Reconstruction parameters 

  Blending mode    Mosaic 

  Surface     DEM 

  Enable hole filling   Yes 

  Processing time    2 minutes 37 seconds 

Software 

 Version      1.5.1 build 7618 

 Platform     Windows 64 
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õćÙñîüÖǰÙ 

ASPRS Positional Accuracy Standards 

for Digital Geospatial Data 
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êćøćÜõćÙñîüÖìĊęǰÙ1 ǰB.3 Common Horizontal Accuracy Classes 

According to the New Standard 
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êćøćÜõćÙñîüÖìĊęǰÙ2 ǰB.4 Examples on Horizontal Accuracy for Digital 

Orthroimagery Interpreted from ASPRS 1990 Legacy Standard 
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êćøćÜõćÙñîüÖìĊęǰÙ�ǰB.5 Digital Orthoimagery Accuracy Examples for Current Large 

and Medium Format Metric Cameras 
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êćøćÜõćÙñîüÖìĊęǰÙ�ǰB.7 Vertical Accuracy/Quality Example for Digital Elevation Data 
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õćÙñîüÖǰÜ 

üĉéĊēĂÖćøĔßšĂćÖćýïćîĕøšÙî×Ćï 
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õćóõćÙñîüÖìĊęǰÜ�ǰQR Code üĉéĊēĂÖćøĔßšĂćÖćý÷ćîĕøšÙî×Ćï 



 

 



 




