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∫∑§—¥¬àÕ

1  Õ“®“√¬å ¿“§«‘™“«‘»«°√√¡‚¬∏“
2  Õ“®“√¬å ¿“§«‘™“§√ÿ»“ µ√å‚¬∏“
3  Õ“®“√¬å ¿“§«‘™“«‘»«°√√¡‚¬∏“

∏’√–  ≈‘≈‘µ«√“ß°Ÿ√ 1  °‘µ‘‡¥™   —πµ‘™—¬Õπ—πµå 2

¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ∫“ß¡¥ ∑ÿàß§√ÿ °√ÿß‡∑æœ 10140

·≈–  ∏π—™   ÿ¢«‘¡≈‡ √’ 3

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ‡≈¢∑’Ë 50 ∂ππæÀ≈‚¬∏‘π ≈“¥¬“« ®µÿ®—°√ °√ÿß‡∑æœ 10900

‚§√ß°“√«‘®—¬π’È¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕ»÷°…“·≈–ª√–¬ÿ°µå„™â°“√√—ß«—¥¥â«¬¥“«‡∑’¬¡√–∫∫ GPS „π°“√ √â“ß·≈–

°”Àπ¥æ‘°—¥µ”·ÀπàßÀ¡ÿ¥À≈—°∞“π∑’Ë¡’§«“¡∂Ÿ°µâÕß Ÿß ‚¥¬°“√°àÕ √â“ßÀ¡ÿ¥À≈—°∞“π∂“«√®”π«π 8 À¡ÿ¥ „Àâ

§√Õ∫§≈ÿ¡æ◊Èπ∑’Ë¢Õß¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ (¡®∏.) «‘∑¬“‡¢µ∑ÿàß§√ÿ ·≈–«‘∑¬“‡¢µ∫“ß¢ÿπ‡∑’¬π

°“√√—ß«—¥‰¥â∑”°“√‚¬ß¬÷¥‡¢â“°—∫À¡ÿ¥À≈—°∞“π¢Õß°√¡·ºπ∑’Ë∑À“√´÷Ëß∑√“∫§à“æ‘°—¥„π√–∫∫æ‘°—¥¢Õßª√–‡∑»  ´÷Ëß®–

‡ªìπ°“√µ√÷ß‚§√ß¢à“¬≈ß∫πæ◊ÈπÀ≈—°∞“π¢Õßª√–‡∑»¥â«¬«‘∏’°“√√—ß«—¥·∫∫ ∂‘µ ‚§√ß°“√«‘®—¬π’È„™â‡§√◊ËÕß√—∫ —≠≠“≥

·∫∫ Õß§«“¡∂’Ë ·≈–¡’°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈¥â«¬‚ª√·°√¡ SKI- PRO º≈∑’Ë‰¥â§◊Õ§à“æ‘°—¥ ≥ µ”·ÀπàßÀ¡ÿ¥À≈—°

∞“π∂“«√∑’Ë‰¥â∑”°“√ √â“ß¢÷Èπ®”π«π 8 À¡ÿ¥ ‚¥¬· ¥ß§à“æ‘°—¥‡ªìπ 3 √–∫∫ ́ ÷ËßÕâ“ßÕ‘ß∫πæ◊ÈπÀ≈—°∞“π WGS84  æ◊Èπ

À≈—°∞“πÕ‘π‡¥’¬π 1975 ‚¥¬„™â§à“æ“√“¡‘‡µÕ√å§à“‡¥‘¡·≈–§à“æ“√“¡‘‡µÕ√å§à“„À¡à∑’Ë°√¡·ºπ∑’Ë∑À“√ª√–°“»„™â ‚¥¬

§à“æ‘°—¥∑’Ë‰¥â¡’§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π‡©≈’Ë¬∑—Èß 8 À¡ÿ¥„π·π«·°π X ‡∑à“°—∫ 0.545 ´¡. „π·π«·°π Y ‡∑à“°—∫ 0.419

´¡. ·≈–„π·π«·°π Z ‡∑à“°—∫ 1.298 ´¡.  ´÷Ëß∂◊Õ«à“§à“æ‘°—¥∑’Ë‰¥â¡’§«“¡∂Ÿ°µâÕß„π√–¥—∫ Ÿß  “¡“√∂∑’Ë®–π”§à“æ‘°—¥

‡À≈à“π’È‰ª„™âÕâ“ßÕ‘ß„πß“π√—ß«—¥‡æ◊ËÕº≈‘µ·≈–°“√ª√—∫ª√ÿß·ºπ∑’Ë¢Õß¡À“«‘∑¬“≈—¬·≈–Àπà«¬ß“π‚¥¬√Õ∫

¡À“«‘∑¬“≈—¬„Àâ¡’§«“¡∑—π ¡—¬·≈–∂Ÿ°µâÕß ŸßµàÕ‰ª

°“√°”Àπ¥æ‘°—¥µ”·ÀπàßÀ¡ÿ¥À≈—°∞“π¥“«‡∑’¬¡√–∫∫ GPS
¢Õß¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’

√—∫‡¡◊ËÕ 5 µÿ≈“§¡ 2547  µÕ∫√—∫‡¡◊ËÕ 25 °ÿ¡¿“æ—π∏å 2548
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The objective of this research is to study and apply a satellite surveying method, Global

Positioning System (GPS), in constructing and positioning eight referenced permanent benchmarks

with high accurate coordinates. All benchmarks are located spread over the areas of two campuses

i.e., King Mongkut,s University of Technology Thonburi (KMUTT) at Toongkru and Bang Khuntien

campuses.  The GPS surveying with static survey method is performed to be compatible with the

benchmark system of the Royal Thai Survey Department (RTSD) based on the national coordinating

system.  The generated coordinates are created by static survey using four dual-frequency GPS

receivers.  The obtained raw data are processed by a specific software, SKI-PRO, yielding a set of

high accurate geographical and UTM coordinates referred to 3 referenced coordinate systems i.e.,

WGS 84, Indian 1975 (the former designated parameters used by the RTSD), and Indian 1975 (the

new designated parameters used by the RTSD). The obtained coordinates have the average standard

deviations in all the eight benchmarks in the X, Y and Z axes of 0.545, 0.419 and 1.298 cm, respec-

tively, which are corresponding to the high order of accuracy. The contributions from this project will

provide high accurate benchmarks and their base lines to improve any future triangulation surveying

and also to update any precise maps of both campuses and the surrounding areas.

Abstract

Theera  Lilitwarangkul 
1
, Kitidech  Santichaianant 

2
,

King Mongkut,s University of Technology Thonburi, Bangmod, Toongkru, Bangkok 10140

and Thanutch  Sukwimolseree 
3

Kasetsart University, 50 Phaholyothin Rd., Lad Yao, Chatuchak, Bangkok 10900

Positioning the GPS  Benchmarks of

King Mongkut
,
s University of Technology Thonburi

Received 5 October 2004 ; accepted 25 Febuary 2005

1  Lecturer, Department of Civil Engineering.
2  Lecturer, Department of Civil Technology Education.
3  Lecturer, Department of Civil Engineering.



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 2 ‡¡…“¬π-¡‘∂ÿπ“¬π 2548 241

1. ∫∑π”

‡∑§‚π‚≈¬’„π°“√ ”√«®·≈–√—ß«—¥¿Ÿ¡‘ª√–‡∑»„πªí®®ÿ∫—π ‰¥â¡’§«“¡‡®√‘≠°â“«Àπâ“°«à“„πÕ¥’µÕ¬à“ß¡“° ‚¥¬

«‘™“°“√ ”√«® (Surveying) ´÷Ëß‡ªìπ “¢“∑’Ë‡°’Ë¬«¢âÕß°—∫ß“π√—ß«—¥¿Ÿ¡‘ª√–‡∑»‰¥âπ”‡Õ“‡∑§‚π‚≈¬’ ¡—¬„À¡à‡¢â“¡“

™à«¬„π°“√∑”ß“π ‡™àπ °≈âÕß ”√«®Õ‘‡≈Á°∑√Õπ‘° å∑’Ë¡’§ÿ≥¿“æ·≈–§«“¡∂Ÿ°µâÕß Ÿß·≈–‡§√◊ËÕß«—¥√–¬–∑“ß

Õ‘‡≈Á°∑√Õπ‘° å (Electronic Distance Measurement: EDM) ‡ªìπµâπ ÷́ËßÕÿª°√≥å‡À≈à“π’È™à«¬„Àâ°“√∑”ß“π∑“ß

¥â“π ”√«®·≈–°“√√—ß«—¥¡’§«“¡ –¥«°·≈–§«“¡≈–‡Õ’¬¥∂Ÿ°µâÕß Ÿß ·µà„πæ◊Èπ∑’Ë∑’Ë°«â“ß¡“° °“√°”Àπ¥µ”·Àπàß

¢ÕßÀ¡ÿ¥À≈—°∞“π∫πæ◊Èπ∑’ËÕ“®®–¡’§«“¡≈à“™â“·≈–„™â‡«≈“π“π¡“° ®÷ß∑”„Àâ¡’°“√π”‡Õ“√–∫∫°“√°”Àπ¥µ”·Àπàß

∫πæ◊Èπ‚≈°¥â«¬¥“«‡∑’¬¡ GPS (Global Positioning System) ‡¢â“¡“™à«¬‡æ‘Ë¡§«“¡ –¥«°„π°“√∑”ß“π∑“ß¥â“π

°“√ ”√«®·≈–°“√√—ß«—¥¿Ÿ¡‘ª√–‡∑» ´÷Ëß°“√À“§à“æ‘°—¥¥â«¬√–∫∫ GPS ®–™à«¬≈¥√–¬–‡«≈“„π°“√∑”ß“π¥â“π

‚§√ß¢à“¬À¡ÿ¥À≈—°∞“π ´÷Ëß„πÕ¥’µ¡’§«“¡¬“°≈”∫“°·≈–„™â‡«≈“π“π  ‘Èπ‡ª≈◊Õßß∫ª√–¡“≥·≈–µâÕß„™â·√ßß“π

®”π«π¡“° Õ’°∑—Èß¬—ß¡’¢âÕ®”°—¥„π°“√¡Õß‡ÀÁπ„π°“√∑”ß“π·≈– ¿“æÕ“°“»∑’Ë‰¡à‡Õ◊ÈÕÕ”π«¬ ¥—ßπ—Èπ„π°“√∑”

‚§√ß°“√π’È®–‡ªìπ°“√π”‡Õ“√–∫∫ GPS ¡“„™â„π°“√À“§à“æ‘°—¥∑“ß√“∫∑’Ë¡’§«“¡∂Ÿ°µâÕß·≈–√«¥‡√Á« ‚¥¬À¡ÿ¥À≈—°

∞“ππ’È®–§√Õ∫§≈ÿ¡æ◊Èπ∑’Ë¿“¬„π¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’  «‘∑¬“‡¢µ∑ÿàß§√ÿ ·≈–«‘∑¬“‡¢µ∫“ß¢ÿπ‡∑’¬π

´÷ËßÀ¡ÿ¥À≈—°∞“π‡À≈à“π’È®– “¡“√∂π”‰ª„™âÕâ“ßÕ‘ß„π°“√∑”ß“π ”√«® ß“π¥â“π«‘»«°√√¡‚¬∏“ ·≈–ß“π¥â“π

 “√ π‡∑»¿Ÿ¡‘»“ µ√å (GIS) ¿“¬„π·≈–¿“¬πÕ°¡À“«‘∑¬“≈—¬

2. ∑ƒ…Æ’·≈–À≈—°°“√‡°’Ë¬«°—∫√–∫∫ GPS

2.1 √–∫∫Õâ“ßÕ‘ß„π°“√∑”À¡ÿ¥∫—ß§—∫·ºπ∑’Ë

„π°“√§”π«≥µ”·Àπàß¢Õß®ÿ¥ √–¬–·≈–∑‘»∑“ß¢Õß‡ âπ ”√«®∫πº‘«‚≈°π—Èπ ‡π◊ËÕß®“°º‘«‚≈°¡’§«“¡

 ŸßµË”‰¡à‡∑à“°—π √–¬–∑’Ë«—¥∫π∑’Ë Ÿß®÷ß¬“«¡“°°«à“√–¬–∑’Ë«—¥„π∑’ËµË” ‡æ√“–©–π—Èπ‡æ◊ËÕ„Àâ·ºπ∑’ËµàÕ°—π‰¥â®÷ß‰¥â°”Àπ¥

æ‘¿æ ¡¡ÿµ‘∑“ß§≥‘µ»“ µ√å¢÷Èπ¡“ ´÷Ëß«‘∏’π’È®–‡ªìπ°“√ ”√«®™—Èπ Ÿß (Geodetic Surveying) ´÷Ëß®–µâÕß·°â§«“¡·µ°

µà“ß√–À«à“ß Geoid ·≈– Ellipsoid ·µà∂â“¡’§à“·°âπâÕ¬¡“° °Á®–µ—¥∑‘Èß·≈–„Àâ Geoid ‡ªìπº‘«‡¥’¬«°—∫ Ellipsoid À√◊Õ

Spheroid „π·µà≈–ª√–‡∑»‰¥â°”Àπ¥√Ÿª Spheroid ¢Õßµπ¢÷Èπ¡“‡æ◊ËÕ„Àâ·ºπ∑’Ë¢Õßª√–‡∑»π—ÈπÊ ∂Ÿ°µâÕß °≈à“«

‚¥¬ √ÿª·≈â«º‘«‚≈°®–¡’Õ¬Ÿà “¡™π‘¥¥â«¬°—π [1] §◊Õ

1. æ◊Èπº‘«¿Ÿ¡‘ª√–‡∑»¢Õß‚≈°  (Topographic Surface) ‡ªìπº‘«æ‘¿æ®√‘ß∑’Ë‡√“Õ“»—¬Õ¬Ÿà

2. æ◊Èπº‘«¬’ÕÕ¬ (Geoid) ´÷Ëß„™â√–¥—∫πÈ”∑–‡≈ª“π°≈“ßÕâ“ßÕ‘ß ‡ªìπæ‘¿æ ¡¡ÿµ‘´÷Ëß‡ªìπº‘«∑’Ë‡°‘¥¢÷Èπ‚¥¬

°“√«—¥·√ß¥÷ß¥Ÿ¥¢Õß‚≈° æ◊Èπ∑’Ë¡’·√ß¥÷ß¥Ÿ¥‡∑à“°—π‡√“‡√’¬°«à“ Equipotential Surface æ◊Èπº‘« Geoid π’È®–‰¡à∑—∫°—∫

√–¥—∫πÈ”∑–‡≈ ‡æ√“–πÈ”∑–‡≈¡’¢÷Èπ¡’≈ß·≈–¡’°“√‰À≈®“°®ÿ¥Àπ÷Ëß‰ª¬—ßÕ’°®ÿ¥Àπ÷Ëß‡æ√“–·µà≈–®ÿ¥¡’§à“√–¥—∫µà“ß°—π

·µàæ◊Èπº‘« Geoid ·≈–√–¥—∫πÈ”∑–‡≈ª“π°≈“ß·µ°µà“ß°—ππâÕ¬‡¡◊ËÕ‡∑’¬∫°—∫√—»¡’¢Õß‚≈° ·π«∑‘»∑“ß¢Õß·√ß¥÷ß¥Ÿ¥

¢Õß‚≈°®–µ—Èß‰¥â©“°°—∫º‘« Geoid ∂â“À“° ¡¡ÿµ‘«à“„ÀâπÈ”„π·¡àπÈ”≈”§≈Õß ∑–‡≈ ¡À“ ¡ÿ∑√ µàÕ‡π◊ËÕß∂÷ß°—πÀ¡¥  „Àâ

πÈ”‰À≈‰¥âÕ¬à“ßÕ‘ √–  ·≈–‰¡à¡’πÈ”¢÷ÈππÈ”≈ß  ‡¡◊ËÕº‘«πÈ”π‘Ëß·≈â«  º‘«πÈ”π—Èπ®–‡ªìπº‘«¢Õß Geoid
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3. æ◊Èπº‘«Õ’≈‘ª´Õ¬¥å (Ellipsoid) À√◊Õ ‡øï¬√Õ¬¥å (Spheroid) ‡ªìπæ‘¿æ ¡¡ÿµ‘∑“ß§≥‘µ»“ µ√å∑’Ëπ—°

 ”√«®‰¥â°”Àπ¥¢÷Èπ¡“‡æ◊ËÕ„Àâ„°≈â‡§’¬ß°—∫º‘«¢Õßæ‘¿æ®√‘ß¡“°∑’Ë ÿ¥ ®ÿ¥ª√– ß§å‡æ◊ËÕ„Àâ·ºπ∑’Ë∂Ÿ°µâÕß∑—Èß “¡¡‘µ‘ æ‘¿æ

π’È„™â‡æ◊ËÕæ‘ Ÿ®πåÀ“°Æ  Ÿµ√µà“ßÊ ‡æ◊ËÕ°“√§”π«≥∑‘»∑“ß·≈–µ”·Àπàß„Àâ∂Ÿ°µâÕß ‡æ◊ËÕ„™â‡ªìπ®ÿ¥∫—ß§—∫·ºπ∑’Ë∫π√Ÿª

Ellipsoid À√◊Õ Spheroid ∑’Ë„™â‚¥¬¡’°“√À¡ÿπ√Õ∫·°π‡Àπ◊Õ-„µâ‡√’¬°«à“ ·°π‚∑ (semi-minor axis, b)  à«π·π«

‡ âπ»Ÿπ¬å Ÿµ√‡√’¬°«à“ ·°π‡Õ° (semi-major axis, a) ·≈–§à“°“√¬ÿ∫µ—«∑’Ë¢—È« (flattening, f)

2.2 §«“¡ Ÿß·≈–§à“√–¥—∫ (height and elevation)

§«“¡ Ÿß®–·∫àßÕÕ°‡ªìπ 2 ™π‘¥ §◊Õ

1. Ellipsoidal Height (h) ¢Õß®ÿ¥„¥Ê π—Èπ ®–‡ªìπ√–¬–¥‘Ëß (vertical distance) ¢Õß®ÿ¥∑’ËÕ¬Ÿà‡Àπ◊Õ

·≈–π—∫®“°æ◊Èπ Ellipsoid ·≈–∂Ÿ°«—¥„π·π«µ—Èß©“°°—∫æ◊Èπ Ellipsoid ¡“¬—ß Topographic Surface

2. Elevation (H) ¢Õß®ÿ¥„¥Ê ‡Àπ◊Õ√–¥—∫πÈ”∑–‡≈À√◊Õ§«“¡ Ÿß Orthometric Height ¢Õß®ÿ¥π—Èπ ´÷Ëß

‡ªìπ√–¬–¥‘Ëß¢Õß®ÿ¥∑’ËÕ¬Ÿà‡Àπ◊Õæ◊Èπ Geoid ·≈–®–«—¥µ“¡·π«‡ âπ¥‘ËßÀ√◊Õ·π«·√ß¥÷ß¥Ÿ¥¢Õßæ‘¿æ

º≈µà“ß¢Õß Ellipsoidal Height ·≈– Elevation °Á§◊Õ Geoidal Height (N) ¥—ß· ¥ß§«“¡ —¡æ—π∏å

„π ¡°“√∑’Ë 1 ·≈–√Ÿª∑’Ë 2

h = H+N (1)

√Ÿª∑’Ë 1  Equipotential Surface [1]

EQUIPOTENTIAL
SURFACES

GEOID IS
EQUIPOTENTIAL
SURACE AT
MEAN SEA LEVEL
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2.3 ≈—°…≥–∑—Ë«‰ª¢Õß√–∫∫ GPS

°√–∑√«ß°≈“‚À¡ ª√–‡∑» À√—∞Õ‡¡√‘°“ ‰¥â¥”‡π‘π°“√‚§√ß°“√ Global Positioning System À√◊Õ

çGPSé ¢÷Èπ ‚¥¬¡’¥“«‡∑’¬¡„π√–∫∫®”π«π 24 ¥«ß ‚§®√Õ¬Ÿà„π√–¥—∫ Ÿß∑’Ëæâπ®“°§≈◊Ëπ«‘∑¬ÿ√∫°«π¢Õß‚≈°·≈–„Àâ

§«“¡∂Ÿ°µâÕß‡æ’¬ßæÕ∑’Ë®–„™â™’È∫Õ°µ”·Àπàß‰¥â∑ÿ°·Ààß∫π‚≈°µ≈Õ¥‡«≈“ 24 ™—Ë«‚¡ß ®“°°“√π”¡“„™âß“π®√‘ß„Àâ

§«“¡∂Ÿ°µâÕß Ÿß ‚¥¬∑’Ë§«“¡§≈“¥‡§≈◊ËÕπ¡“µ√∞“π¢Õßµ”·Àπàß∑“ß√“∫µË”°«à“ 50 ‡¡µ√¥â«¬«‘∏’°“√√–∫∫ √À—  ÿà¡

‡∑’¬¡ (pseudo random code) ·≈–∂â“√—ß«—¥·∫∫«‘∏’Õπÿæ—π∏å (differential) ®–„Àâ§«“¡∂Ÿ°µâÕß∂÷ß√–¥—∫‡´πµ‘‡¡µ√

[2] [3] ®“°°“√æ—≤π“∑“ß¥â“πÕÿª°√≥å§Õ¡æ‘«‡µÕ√å∑”„Àâ “¡“√∂º≈‘µ‡§√◊ËÕß√—∫ GPS ∑’Ë¡’¢π“¥≈¥≈ß·≈–¡’√“§“

∂Ÿ°≈ß°«à“‡§√◊ËÕß√—∫√–∫∫ TRANSIT ‡¥‘¡‡ªìπÕ—π¡“°  ªí®®ÿ∫—π¡’°“√π” GPS ¡“„™âß“π„πÀ≈“¬ “¢“«‘™“∑’Ë

‡°’Ë¬«¢âÕß°—∫ß“π ”√«® Õ“∑‘‡™àπ °“√π” GPS ¡“„™â„π°“√°”Àπ¥¢Õ∫‡¢µ·≈–®ÿ¥∑’Ë·πàπÕπ¢ÕßªÉ“ ß«π·≈–Õÿ∑¬“π

„™â„π°“√∫Õ°µ”·Àπàß‡æ◊ËÕ„™âÕÕ°ß“π«ß√Õ∫ (traverse) °“√„™â GPS „π°“√ ”√«®¿Ÿ¡‘ª√–‡∑»‡æ◊ËÕ∑”·ºπ∑’Ë‡ âπ

™—Èπ§«“¡ Ÿß (contour) ·≈–ß“π∂ππ À√◊Õ·¡â·µà°“√π” GPS ¡“„™âµ√«® Õ∫√“¬≈–‡Õ’¬¥§«“¡∂Ÿ°µâÕß¢Õßß“π

‚§√ß¢à“¬ “¡‡À≈’Ë¬¡·≈–ß“π«ß√Õ∫ ‡ªìπµâπ

2.4 √–∫∫ GPS

≈—°…≥–∑—Ë«‰ª¢Õß√–∫∫  GPS  ª√–°Õ∫¥â«¬ à«πª√–°Õ∫∑’Ë ”§—≠  3   à«π‰¥â·°à

2.4.1  à«πÕ«°“» (space segment)

√–∫∫ GPS ®–ª√–°Õ∫¥â«¬¥“«‡∑’¬¡∑—ÈßÀ¡¥ 24 ¥«ß ‚¥¬¥“«‡∑’¬¡®”π«π 21 ¥«ß®–„™â„π

°“√∫Õ°§à“æ‘°—¥  à«π∑’Ë‡À≈◊ÕÕ’° 3 ¥«ß®– ”√Õß‡Õ“‰«â ¥“«‡∑’¬¡∑—Èß 24 ¥«ßπ’È¡’«ß‚§®√Õ¬Ÿà 6 «ß‚§®√¥â«¬°—π ‚¥¬

¡’®”π«π¥“«‡∑’¬¡«ß‚§®√≈– 4 ¥«ß ·≈–¡’√—»¡’«ß‚§®√ Ÿß®“°æ◊Èπ‚≈°ª√–¡“≥ 20,200 °‘‚≈‡¡µ√ À√◊Õ 12,600 ‰¡≈å

√Ÿª∑’Ë 2  §«“¡ —¡æ—π∏å√–À«à“ß Ellipsoidal  Height ·≈– Elevation [1]
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«ß‚§®√∑—Èß 6 ®–‡Õ’¬ß∑”¡ÿ¡°—∫‡ âπ»Ÿπ¬å Ÿµ√ (equator) ‡ªìπ¡ÿ¡ 55 Õß»“ ¥“«‡∑’¬¡·µà≈–¥«ß®–„™â‡«≈“„π°“√

‚§®√§√∫√Õ∫ 12 ™—Ë«‚¡ß π—Ëπ§◊Õ §“∫¢Õß°“√‚§®√‡ªìπ 12 ™—Ë«‚¡ß/√Õ∫ §«“¡∂’Ë∑’Ë„™â„π°“√∫Õ°µ”·Àπàß §à“æ‘°—¥

¢Õß¥“«‡∑’¬¡·µà≈–¥«ß¡’ 2 §«“¡∂’Ë §◊Õ §«“¡∂’Ë L1: 1,575.42 MHz ·≈– §«“¡∂’Ë L2: 1,227.60 MHz [3], [4]

2.4.2  à«π ∂“π’§«∫§ÿ¡ (control station segment)

„π à«π¢Õß ∂“π’§«∫§ÿ¡®–ª√–°Õ∫¥â«¬ 4  ∂“π’¬àÕ¬ (monitor station) µ—ÈßÕ¬Ÿà∑’Ë‡¡◊Õß Diego

Garcia, Ascension Island, Kwajalein ·≈– Hawaii  à«π ∂“π’§«∫§ÿ¡À≈—° (master control station) ¡’ 1  ∂“π’

´÷Ëß‡ªìπ»Ÿπ¬å§«∫§ÿ¡°“√∑”ß“π¢Õß¥“«‡∑’¬¡¥â«¬√–∫∫ GPS µ—ÈßÕ¬Ÿà∑’Ë‡¡◊Õß Colorado Springs √—∞ Colorado

 À√—∞Õ‡¡√‘°“  ∂“π’§«∫§ÿ¡µà“ßÊ ‡À≈à“π’È¡’Àπâ“∑’Ë§Õ¬µ‘¥µàÕ ◊ËÕ “√ (tracking) °—∫¥“«‡∑’¬¡ ∑”°“√§”π«≥º≈

(computation) ‡æ◊ËÕ∫Õ°µ”·Àπàß¢Õß¥“«‡∑’¬¡·µà≈–¥«ß ·≈– àß¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª¬—ß¥“«‡∑’¬¡Õ¬Ÿàµ≈Õ¥‡«≈“ ∑”„Àâ

¢âÕ¡Ÿ≈∑’Ë‰¥â‡ªìπ¢âÕ¡Ÿ≈∑’Ë∑—π ¡—¬Õ¬Ÿà‡ ¡Õ

2.4.3  à«πºŸâ„™â (user segment)

ºŸâ„™âª√–°Õ∫¥â«¬ 2  à«π„À≠àÊ §◊Õ  à«π∑’Ë‡°’Ë¬«¢âÕß°—∫æ≈‡√◊Õπ (civilian) ·≈– à«π‡°’Ë¬«°—∫

∑“ß∑À“√ (military) [4] „π à«π¢ÕßºŸâ„™â®–¡’Àπâ“∑’Ëæ—≤π“‡§√◊ËÕß√—∫ —≠≠“≥ (receiver) „Àâ∑—π ¡—¬·≈– –¥«°·°à

°“√„™âß“π  “¡“√∂∑’Ë®–„™â‰¥â∑ÿ°·Ààß„π‚≈° ·≈–„Àâ§à“∑’Ë¡’§«“¡∂Ÿ°µâÕß Ÿß

3. ¢—ÈπµÕπ„π°“√¥”‡π‘πß“π

3.1 °“√‡≈◊Õ°µ”·Àπàß‡æ◊ËÕ √â“ßÀ¡ÿ¥À≈—°∞“π

‡ªìπ°“√°”Àπ¥µ”·Àπàß∑’Ë®–∑”°“√°àÕ √â“ßÀ¡ÿ¥À≈—°∞“π≈ß∫π·ºπ∑’Ë∑’Ë¡’Õ¬Ÿà‡¥‘¡√«¡∂÷ß°“√ÕÕ° π“¡

‡æ◊ËÕµ√«® Õ∫æ◊Èπ∑’Ë  ÷́Ëß∫√‘‡«≥∑’Ë®–∑”°“√°àÕ √â“ßÀ¡ÿ¥À≈—°∞“π‰¥âπ—Èπ®–µâÕß‡ªìπæ◊Èπ∑’Ë‚≈àß‰¡à¡’ ‘Ëß°’¥¢«“ß„π√–¥—∫∑’Ë

 Ÿß‡°‘π 15° ®“°·π«√–π“∫ ‰¡à¡’·π« “¬‰øøÑ“·√ß ŸßÀ√◊Õ ∂“π’ àß —≠≠“≥‚∑√§¡π“§¡Õ¬Ÿà„π∫√‘‡«≥„°≈â‡§’¬ß [5]

πÕ°®“°π’Èµ”·Àπàß¢ÕßÀ¡ÿ¥À≈—°∞“π∑’Ë®–∑”°“√°àÕ √â“ß§«√Õ¬Ÿà„π∫√‘‡«≥∑’Ëª≈Õ¥¿—¬ ‰¡à¡’°“√√◊ÈÕ∂ÕπÀ√◊Õ¬â“¬µ”·Àπàß

·≈–‰¡à Ÿ≠À“¬‰¥âßà“¬

3.2 °“√°àÕ √â“ßÀ¡ÿ¥À≈—°∞“π

À¡ÿ¥À≈—°∞“π∑’Ë®–∑”°“√°àÕ √â“ß„π‚§√ßß“ππ’È®–·∫àß‡ªìπ 3 ·∫∫¥—ßπ’È

1. À¡ÿ¥À≈—°∞“π·∫∫ ° ‡ªìπÀ¡ÿ¥À—«∑Õß‡À≈◊Õß‡ âπºà“π»Ÿπ¬å°≈“ß 2 ´¡. √Õß¥â«¬·ºàπ ·µπ‡≈ ∑’Ë¡’

‡ âπºà“π»Ÿπ¬å°≈“ß 10 ´¡. Ωíß∫π‡ “‡¢Á¡‡®“–≈÷°ª√–¡“≥ 20 ‡¡µ√ ®”π«π 2 À¡ÿ¥

2. À¡ÿ¥À≈—°∞“π·∫∫ ¢ ‡ªìπÀ¡ÿ¥À—«∑Õß‡À≈◊Õß‡ âπºà“π»Ÿπ¬å°≈“ß 2 ´¡. √Õß¥â«¬·ºàπ ·µπ‡≈ ∑’Ë¡’

‡ âπºà“π»Ÿπ¬å°≈“ß 10 ´¡. Ωíß∫π∞“π§Õπ°√’µÀ≈àÕ„π∑’Ë≈÷°ª√–¡“≥ 0.5  ‡¡µ√ ®”π«π 2 À¡ÿ¥

3. À¡ÿ¥À≈—°∞“π·∫∫ § ‡ªìπÀ¡ÿ¥À—«∑Õß‡À≈◊Õß‡ âπºà“π»Ÿπ¬å°≈“ß 2 ´¡. √Õß¥â«¬·ºàπ ·µπ‡≈ ∑’Ë¡’

‡ âπºà“π»Ÿπ¬å°≈“ß 10 ´¡.  °—¥·≈–Ωíß≈ß∫πæ◊Èπ§Õπ°√’µ ®”π«π 4 À¡ÿ¥



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 2 ‡¡…“¬π-¡‘∂ÿπ“¬π 2548 245

3.3 °“√ÕÕ°·∫∫‚§√ß¢à“¬À¡ÿ¥À≈—°∞“π·≈–°“√«“ß·ºπß“π π“¡

„π°“√√—ß«—¥À“§à“æ‘°—¥¥â«¬√–∫∫¥“«‡∑’¬¡ GPS ‡æ◊ËÕ„Àâ‰¥âº≈≈—æ∏å∑’Ë¡’§«“¡∂Ÿ°µâÕß ŸßµâÕß∑”°“√√—ß«—¥

‚¬ß¬÷¥‡ªìπ‚§√ß¢à“¬ ‚¥¬°“√ √â“ß√Ÿª«ß√Õ∫À≈“¬«ß‡™◊ËÕ¡µàÕ°—π‡ªìπ‚§√ß¢à“¬ ¥—ß√Ÿª∑’Ë 3 ÷́Ëß®– “¡“√∂µ√«® Õ∫

°“√∫√√®∫¢Õß«ß√Õ∫¬àÕ¬·µà≈–«ß‰¥â ™à«¬„Àâ “¡“√∂§âπÀ“‡ âπ∞“π∑’Ë‰¡à¥’À√◊Õ‡ âπ∞“π∑’Ë¡’§«“¡§≈“¥‡§≈◊ËÕπ¢π“¥

„À≠à‰¥â ‡©æ“–‡ âπ∞“π∑’Ë‡ªìπÕ‘ √–‡∑à“π—Èπ∑’Ë®–π”‰ª„™â„π°“√§”π«≥‡æ◊ËÕµ√«® Õ∫°“√∫√√®∫¢Õß«ß√Õ∫¬àÕ¬·≈–

„™â„π°“√§”π«≥ª√—∫·°â‚§√ß¢à“¬

µ“√“ß∑’Ë 1  ·ºπß“π π“¡ «—π∑’Ë 9 ¡°√“§¡ 2547

      Instrument
A B C D ‡ âπ∞“π   ‡«≈“

(08.30 - 10.30) KMUTT08 KMUTT04 KMUTT07 KMUTT06 8-11-13
1

(11.00 - 13.00) KMUTT05 - KMUTT07 KMUTT06 12-15
2

(13.30 - 15.30) KMUTT05 3627 KMUTT07 3628 14-16-17
3

(16.00 - 18.00) KMUTT05 3627 - 3628 18-19
4

µ“√“ß∑’Ë 2  ·ºπß“π π“¡ «—π∑’Ë 10 ¡°√“§¡ 2547

      Instrument
A B C D ‡ âπ∞“π   ‡«≈“

(09.30 - 10.30) 3166 KMUTT01 KMUTT02 KMUTT03 1-2-7
1

(11.35 - 13.35) - KMUTT01 KMUTT02 KMUTT03 3-4
2

(14.00 - 16.00) KMUTT08 KMUTT04 KMUTT02 KMUTT03 5-6-10
3

(16.05 - 18.05) KMUTT08 KMUTT04 - - 9
4

µ“√“ß∑’Ë 3  ·ºπß“π π“¡ «—π∑’Ë 11 ¡°√“§¡ 2547

      Instrument
A B C D ‡ âπ∞“π   ‡«≈“

(12.00 - 14.00) 3627 - - KMUTT04 20
1
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3.4 «‘∏’√—ß«—¥„π π“¡

°“√√—ß«—¥„π π“¡‡æ◊ËÕÀ“§à“æ‘°—¥¢ÕßÀ¡ÿ¥À≈—°∞“π¥“«‡∑’¬¡¥â«¬√–∫∫ GPS π—Èπ®–„™â°“√√—ß«—¥·∫∫

·∫∫ ∂‘µ [4] ÷́Ëß‡ªìπ«‘∏’°“√∑”ß“π∑’Ë‡§√◊ËÕß√—∫ —≠≠“≥®–∂Ÿ°µ‘¥µ—Èß ≥ µ”·Àπàß®ÿ¥ª≈“¬¢Õß‡ âπ∞“π‚¥¬‰¡à¡’°“√

‡§≈◊ËÕπ∑’Ë ‡æ◊ËÕÀ“µ”·Àπàß —¡æ—∑∏å ‚¥¬√–¬–‡«≈“∑’Ë„™â„π°“√√—∫ —≠≠“≥µâÕßæÕ‡æ’¬ß∑’Ë®–π”¡“§”π«≥À“§à“

®”π«π‡µÁ¡≈Ÿ°§≈◊Ëπ (ambiguity) ‰¥âµ“¡‡°≥±å·≈–§«“¡∂Ÿ°µâÕß∑’ËµâÕß°“√

3.5  ‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√√—ß«—¥

‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√√—ß«—¥·∫∫ ∂‘µ ª√–°Õ∫‰ª¥â«¬

1. ‡§√◊ËÕß√—∫ —≠≠“≥¥“«‡∑’¬¡ LEICA  SR520 ·∫∫ Õß§«“¡∂’Ë (dual frequency reciever)

 ®”π«π 4 ‡§√◊ËÕß

2.  ‡ “Õ“°“»√—∫ —≠≠“≥¥“«‡∑’¬¡ AT502 Antenna

3. Õÿª°√≥åª√–°Õ∫Õ◊ËπÊ ‰¥â·°à Tripod, Tribrach æ√âÕ¡ Adaptor, HI Measuring Rod,  “¬

‡§‡∫‘≈·≈–·∫µ‡µÕ√’Ë

3.6 °“√ª√–¡«≈º≈

3.6.1 °“√ª√–¡«≈º≈‡ âπ∞“π

¢âÕ¡Ÿ≈®“°°“√√—ß«—¥®–∂Ÿ°π”¡“ª√–¡«≈º≈‡æ◊ËÕÀ“Õß§åª√–°Õ∫¢Õß‡ âπ∞“π∑’Ë°”Àπ¥‰«â ‚¥¬„™â

‚ª√·°√¡ SKI-PRO ª√–¡«≈º≈‡ âπ∞“π∑’Ë‡ªìπÕ‘ √– (independent baseline)

3.6.2 °“√ª√–¡«≈º≈‚§√ß¢à“¬

º≈≈—æ∏å®“°°“√ª√–¡«≈º≈‡ âπ∞“π®–π”¡“ª√–°Õ∫°—π‡ªìπ‚§√ß¢à“¬·≈–∑”°“√ª√–¡«≈º≈

‡æ◊ËÕª√—∫·°â‚§√ß¢à“¬„π≈”¥—∫µàÕ‰ª ‡æ◊ËÕ„Àâ‰¥âº≈≈—æ∏å¢Õß§à“æ‘°—¥∑’Ë¡’§«“¡∂Ÿ°µâÕß‚¥¬„™â‚ª√·°√¡ SKI-PRO ‚¥¬

°”Àπ¥§à“æ‘°—¥¢ÕßÀ¡ÿ¥À≈—°∞“π¢Õß°√¡·ºπ∑’Ë∑À“√∑’Ë‡ªìπÀ¡ÿ¥§«∫§ÿ¡¢Õß‚§√ß°“√„Àâ¡’§à“§ß∑’Ë„π‚§√ß¢à“¬ º≈≈—æ∏å

∑’Ë‰¥â®–‡ªìπ§à“æ‘°—¥¢ÕßÀ¡ÿ¥À≈—°∞“π¥â«¬¥“«‡∑’¬¡√–∫∫ GPS ∑’Ë‰¥â∑”°“√°àÕ √â“ß¢÷Èπ

4. º≈°“√»÷°…“

®“°°“√‡°Á∫¢âÕ¡Ÿ≈‚¥¬°“√«“ß·ºπß“π„π°“√√—ß«—¥µ”·Àπàß¢ÕßÀ¡ÿ¥À≈—°∞“π‡æ◊ËÕ„Àâ‰¥â§à“æ‘°—¥„π√–∫∫ UTM

·≈–æ‘°—¥¿Ÿ¡‘»“ µ√å¢ÕßÀ¡ÿ¥À≈—°∞“π∑—Èß 8 À¡ÿ¥ ¢Õß¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ∑ÿàß§√ÿ ®”π«π 4

À¡ÿ¥·≈–¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ «‘∑¬“‡¢µ∫“ß¢ÿπ‡∑’¬π ®”π«π 4 À¡ÿ¥ ∑”°“√√—ß«—¥·∫∫ ∂‘µ

´÷Ëß°”Àπ¥§à“æ‘°—¥ÕÕ°®“°À¡ÿ¥À≈—°∞“π¢Õß°√¡·ºπ∑’Ë∑À“√®”π«π 3 À¡ÿ¥ „Àâ§ß∑’Ë º≈∑’Ë‰¥â®–‡ªìπ§à“æ‘°—¥∑’ËÕâ“ßÕ‘ß

®“°æ◊ÈπÀ≈—°∞“π∑—Èß 3 ·∫∫§◊Õæ◊ÈπÀ≈—°∞“π WGS 84 æ◊ÈπÀ≈—°∞“πÕ‘π‡¥’¬π 1975 (§à“æ“√“¡‘‡µÕ√å‡¥‘¡ ‚¥¬°√¡

·ºπ∑’Ë∑À“√) ·≈–æ◊ÈπÀ≈—°∞“πÕ‘π‡¥’¬π 1975 (§à“æ“√“¡‘‡µÕ√å„À¡à ‚¥¬°√¡·ºπ∑’Ë∑À“√) ´÷Ëß¡’§à“¥—ßµàÕ‰ªπ’È
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4.1 §à“æ‘°—¥∑’ËÕâ“ßÕ‘ß®“°æ◊ÈπÀ≈—°∞“π  WGS 84

µ“√“ß∑’Ë 4  æ‘°—¥¿Ÿ¡‘»“ µ√å·≈– UTM  ∫πæ◊ÈπÀ≈—°∞“π WGS 84

Point Id
Geographic Coordinate UTM Ellip.Ht.

Latitude Longitude Easting (¡.) Northing (¡.) (¡.)

KMUTT01 13° 39û 04.64583é N 100° 29û 47.27189é E 661861.521 1509660.275 -28.923

KMUTT02 13° 39û 03.40300é N 100° 29û 45.38452é E 661805.038 1509621.734 -28.794

KMUTT03 13° 39û 05.26265é N 100° 29û 34.11089é E 661465.899 1509676.794 -28.497

KMUTT04 13° 39û 05.44050é N 100° 29û 31.98575é E 661402.003 1509681.867 -28.493

KMUTT05 13° 34û 30.72267é N 100° 26û 22.20620é E 655748.888 1501205.739 -28.792

KMUTT06 13° 34û 32.25967é N 100° 26û 17.52869é E 655608.003 1501252.140 -28.993

KMUTT07 13° 34û 35.37927é N 100° 26û 34.55261é E 656119.178 1501351.022 -28.781

KMUTT08 13° 34û 37.64743é N 100° 29û 34.34893é E 656112.644 1501420.682 -28.984

µ“√“ß∑’Ë 5  æ‘°—¥¿Ÿ¡‘»“ µ√å·≈– UTM  ∫πæ◊ÈπÀ≈—°∞“πÕ‘π‡¥’¬π 1975 (§à“æ“√“¡‘‡µÕ√å‡¥‘¡)

Point Id
Geographic Coordinate UTM Ellip.Ht.

Latitude Longitude Easting (¡.) Northing (¡.) (¡.)

KMUTT01 13° 38û 58.61495é N 100° 29û 59.08656é E 662195.566 1509356.931 -11.359

KMUTT02 13° 38û 57.37204é N 100° 29û 57.19893é E 662139.084 1509318.390 -11.232

KMUTT03 13° 38û 59.23199é N 100° 29û 45.92390é E 661799.945 1509373.450 -10.956

KMUTT04 13° 38û 59.40989é N 100° 29û 43.79850é E 661736.049 1509378.523 -10.955

KMUTT05 13° 34û 24.67255é N 100° 26û 33.99111é E 656082.936 1500902.411 -11.324

KMUTT06 13° 34û 26.20973é N 100° 26û 29.31303é E 655942.051 1500948.812 -11.534

KMUTT07 13° 34û 29.32936é N 100° 26û 46.33915é E 656453.226 1501047.693 -11.297

KMUTT08 13° 34û 31.59770é N 100° 29û 46.13548é E 656446.691 1501117.354 -11.502

4.2 §à“æ‘°—¥∑’ËÕâ“ßÕ‘ß®“°æ◊ÈπÀ≈—°∞“πÕ‘π‡¥’¬π 1975 (§à“æ“√“¡‘‡µÕ√å‡¥‘¡ ‚¥¬°√¡·ºπ∑’Ë∑À“√)

§à“æ“√“¡‘‡µÕ√å∑’Ë„™â„π°“√·ª≈ß§à“æ‘°—¥ X = -206 ‡¡µ√ Y = -837 ‡¡µ√ Z = -295 ‡¡µ√
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4.3 §à“æ‘°—¥∑’ËÕâ“ßÕ‘ß®“°æ◊ÈπÀ≈—°∞“πÕ‘π‡¥’¬π 1975 (§à“æ“√“¡‘‡µÕ√å„À¡à ‚¥¬°√¡·ºπ∑’Ë∑À“√)

®“°¢âÕ¡Ÿ≈§à“æ‘°—¥∑’Ë‰¥â®“°°“√§”π«≥·≈–ª√—∫·°â¥â«¬«‘∏’ Least Squares ‚¥¬‚ª√·°√¡ SKI-PRO π—Èπ®–

∫Õ°§ÿ≥¿“æ¢Õß§à“æ‘°—¥∑’Ë‰¥â„π√Ÿª¢Õß§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß·µà≈–À¡ÿ¥À≈—°∞“ππ—ÈπÊ ´÷Ëß§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π

∑—Èß„π·π«·°π X ·≈–„π·π«·°π Y  “¡“√∂π”‰ª· ¥ßº≈„π√Ÿª¢Õß§à“§≈“¥‡§≈◊ËÕπ·∫∫«ß√’ (error ellipse) ∂â“

„Àâ§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π„π·π«·°π X ·∑π‚¥¬·°π‡Õ° (major axis) ·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π„π·π«·°π Y

·∑π‚¥¬·°π‚∑ (minor axis) ´÷ËßÀ¡“¬§«“¡∂÷ß∑ÿ°®ÿ¥¿“¬„π«ß√’¢Õß§à“‡∫’Ë¬ß‡∫π¡“µ√∞“πª√–®”À¡ÿ¥¡’‚Õ°“ 

‡ªìπµ”·Àπàß∑’Ë·∑â®√‘ß¢ÕßÀ¡ÿ¥À≈—°∞“ππ—ÈπÊ ‰¥â ‚¥¬‰¥â· ¥ß§à“„πµ“√“ß∑’Ë 7

µ“√“ß∑’Ë 6  æ‘°—¥¿Ÿ¡‘»“ µ√å·≈– UTM  ∫πæ◊ÈπÀ≈—°∞“πÕ‘π‡¥’¬π 1975 (§à“æ“√“¡‘‡µÕ√å„À¡à)

Point Id
Geographic Coordinate UTM Ellip.Ht.

Latitude Longitude Easting (¡.) Northing (¡.) (¡.)

KMUTT01 13° 38û 58.62530é N 100° 29û 59.02718é E 662193.780 1509357.238 -12.669

KMUTT02 13° 38û 57.38239é N 100° 29û 57.13955é E 662137.298 1509318.697 -12.541

KMUTT03 13° 38û 59.24234é N 100° 29û 45.86452é E 661798.159 1509373.757 -12.265

KMUTT04 13° 38û 59.42023é N 100° 29û 43.73912é E 661734.263 1509378.830 -12.265

KMUTT05 13° 34û 24.68283é N 100° 26û 33.93171é E 656081.149 1500902.717 -12.632

KMUTT06 13° 34û 26.22001é N 100° 26û 29.25363é E 655940.264 1500949.117 -12.843

KMUTT07 13° 34û 29.33964é N 100° 26û 46.27975é E 656451.439 1501047.998 -12.605

KMUTT08 13° 34û 31.60798é N 100° 26û 46.07608é E 656444.904 1501117.659 -12.810

µ“√“ß∑’Ë 7  §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π„π·π«·°π X ·≈–·π«·°π  Y

Point Id Sd. X (¡.) Sd. Y (¡.)

KMUTT01 0.007 0.005

KMUTT02 0.006 0.005

KMUTT03 0.006 0.005

KMUTT04 0.007 0.005

KMUTT05 0.004 0.003

KMUTT06 0.005 0.004

KMUTT07 0.004 0.003

KMUTT08 0.005 0.004

§à“æ“√“¡‘‡µÕ√å∑’Ë„™â„π°“√·ª≈ß§à“æ‘°—¥ X = -206 ‡¡µ√ Y = -837 ‡¡µ√ Z = -295 ‡¡µ√
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®“°°“√√—ß«—¥¥â«¬¥“«‡∑’¬¡√–∫∫ GPS §à“§«“¡§≈“¥‡§≈◊ËÕπ¿“¬„π«ß√Õ∫∑’Ë‡°‘¥¢÷Èπ · ¥ß¥—ßµ“√“ß∑’Ë 8

µ“√“ß∑’Ë 8  §à“§«“¡§≈“¥‡§≈◊ËÕπ∫√√®∫„π·µà≈–«ß√Õ∫

®“°√Ÿª∑’Ë 4 · ¥ß§à“§«“¡§≈“¥‡§≈◊ËÕπ∫√√®∫ ‡¡◊ËÕπ”¡“‡ª√’¬∫‡∑’¬∫°—∫¡“µ√∞“π°“√·∫àß™—Èπ¢Õßß“π

√—ß«—¥¥â«¬¥“«‡∑’¬¡√–∫∫ GPS ®–·∫àß™—Èπß“π¢Õß°“√√—ß«—¥¿“§ π“¡‰¥â¥—ßπ’È ß“π√—ß«—¥∑ÿ°«ß√Õ∫ ®–Õ¬Ÿà„π‡°≥±å

¢Õßß“π™—Èπ∑’Ë 1 §◊Õ§à“§«“¡§≈“¥‡§≈◊ËÕπµ“¡√–¬–‡ âπ∞“π Õ¬Ÿà„π™à«ß‡©≈’Ë¬‰¡à‡°‘π 8 ppm. πÕ°®“°π’È«ß√Õ∫∑’Ë 8, 9

·≈– 10 ®—¥Õ¬Ÿà„π‡°≥±åß“π™—Èπ B (high precision) ¡’§«“¡≈–‡Õ’¬¥∂Ÿ°µâÕß Ÿß §◊Õ§à“§«“¡§≈“¥‡§≈◊ËÕπµ“¡√–¬–

√Ÿª∑’Ë 4  §à“§«“¡§≈“¥‡§≈◊ËÕπ∫√√®∫‡∑’¬∫°—∫¡“µ√∞“π°“√·∫àß™—Èπß“π

À¡“¬‡Àµÿ  ppm. = part per million (Àπ÷Ëß„π≈â“π à«π)

«ß√Õ∫∑’Ë §«“¡¬“« (°¡.) §à“§«“¡§≈“¥‡§≈◊ËÕπ∫√√®∫ (ppm.)

1 20.57 1.05

2 0.82 4.90
3 1.12 1.92
4 20.20 1.27

5 41.51 1.11
6 1.07 2.68

7 1.73 3.08

8 0.81 0.83
9 24.66 0.98

10 24.61 0.91
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‡ âπ∞“π‰¡à‡°‘π 1 ppm. ∑—Èßπ’È§à“§«“¡§≈“¥‡§≈◊ËÕπ∑’Ë‡°‘¥¢÷ÈπÕ“®‡π◊ËÕß¡“®“° Õß§åª√–°Õ∫∑“ß‡√¢“§≥‘µ¢Õß√Ÿª

‚§√ß¢à“¬∑’Ë‰¡à “¡“√∂∑”„Àâ ¡∫Ÿ√≥å·∫∫‰¥â º≈≈—æ∏å®“°°“√ª√–¡«≈º≈‡ âπ∞“π ‚¥¬°“√√—ß«—¥¥â«¬¥“«‡∑’¬¡√–∫∫ GPS

· ¥ß¥—ßµ“√“ß∑’Ë 9

µ“√“ß∑’Ë 9  º≈≈—æ∏å®“°°“√ª√–¡«≈º≈‡ âπ∞“π (¡’Àπà«¬‡ªìπ‡¡µ√)

‡ âπ∞“π Reference ld Rover ld dX dY dZ Sd. X Sd. Y Sd. Z Posn. Qlty Ht. Qlty

1 KMUTT08 KMUTT04 -4898.79 -2874.55 7998.70 0.0005 0.0008 0.0004 0.0005 0.0009

2 3627 KMUTT04 -16621.80 -5222.54 8807.44 0.0008 0.0017 0.0009 0.0011 0.0018
3 3628 3627 12036.48 2267.49 -251.46 0.0004 0.0015 0.0005 0.0005 0.0016
4 KMUTT05 3628 -663.41 -34.98 -350.46 0.0002 0.0007 0.0002 0.0002 0.0007
5 KMUTT05 3627 11373.09 2232.50 -601.91 0.0004 0.0008 0.0003 0.0005 0.0008

6 KMUTT07 3628 -304.46 65.31 -489.58 0.0002 0.0003 0.0001 0.0002 0.0004

7 KMUTT05 KMUTT07 -358.95 -100.29 139.11 0.0001 0.0003 0.0001 0.0002 0.0003

8 KMUTT06 KMUTT07 -499.29 -114.68 93.24 0.0001 0.0003 0.0001 0.0002 0.0003
9 KMUTT06 KMUTT05 -140.34 -14.38 -45.87 0.0001 0.0002 0.0001 0.0002 0.0002

10 KMUTT04 KMUTT06 5389.06 3004.38 -8159.65 0.0004 0.0007 0.0004 0.0005 0.0008
11 KMUTT08 KMUTT06 490.26 129.85 -160.95 0.0002 0.0002 0.0001 0.0002 0.0003

12 KMUTT04 KMUTT08 4898.80 2874.54 -7998.68 0.0003 0.001 0.0003 0.0004 0.001

13 KMUTT04 KMUTT02 -398.59 -59.10 -60.93 0.0002 0.0004 0.0002 0.0002 0.0004
14 KMUTT02 KMUTT08 5297.40 2933.63 -7937.79 0.0003 0.0006 0.0003 0.0004 0.0007

15 KMUTT03 KMUTT04 63.03 10.36 5.31 0.0002 0.0004 0.0001 0.0002 0.0004
16 KMUTT02 KMUTT03 335.56 48.74 55.61 0.0002 0.0003 0.0002 0.0002 0.0003
17 KMUTT01 KMUTT03 389.67 68.05 18.52 0.0002 0.0004 0.0002 0.0002 0.0004

18 KMUTT01 KMUTT02 54.11 19.32 -37.09 0.0002 0.0004 0.0002 0.0002 0.0004

19 3166 KMUTT01 645.09 3014.95 -11720.70 0.0003 0.0006 0.0003 0.0004 0.0007
20 3166 KMUTT03 1034.73 3082.99 -11702.18 0.0003 0.0007 0.0003 0.0004 0.0008

§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢ÕßÕß§åª√–°Õ∫¢Õß‡ âπ∞“π∑’Ë‰¥â√—∫®“°°“√ª√–¡«≈º≈ ¥—ßµ“√“ß∑’Ë 9 · ¥ß„π√Ÿª∑’Ë

5 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¡“µ√∞“π°“√·∫àß™—Èπß“π  ®–Õ¬Ÿà„π‡°≥±åß“π™—Èπ AA ·≈–ß“π™—Èπ∑’Ë 1



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 2 ‡¡…“¬π-¡‘∂ÿπ“¬π 2548 251

5.  √ÿªº≈·≈–«‘®“√≥åº≈

®“°°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈°“√√—ß«—¥¥â«¬¥“«‡∑’¬¡√–∫∫ GPS ÷́Ëß∑”„Àâ‰¥â§à“æ‘°—¥ ≥ µ”·ÀπàßÀ¡ÿ¥À≈—°∞“π

∑—Èßæ‘°—¥¿Ÿ¡‘»“ µ√å·≈–æ‘°—¥ UTM √«¡∑—Èß§«“¡ Ÿß‡Àπ◊Õ∑√ß√’Õâ“ßÕ‘ß (spheroid) ÷́Ëßæ‘°—¥∑’Ë‰¥âπ—Èπ‰¥â·∫àßÕÕ°‡ªìπ 3

·∫∫µ“¡™π‘¥æ◊ÈπÀ≈—°∞“π∑’Ë„™âÕâ“ßÕ‘ß·≈–§à“æ“√“¡‘‡µÕ√å∑’Ë„™â„π°“√§”π«≥ ‚¥¬¢âÕ¡Ÿ≈æ‘°—¥„π™ÿ¥·√°π—Èπ‡ªìπ°“√

Õâ“ßÕ‘ß®“°æ◊ÈπÀ≈—°∞“π WGS 84 ‚¥¬„πÕπ“§µÕ—π„°≈âπ’Èª√–‡∑»‰∑¬‚¥¬°√¡·ºπ∑’Ë∑À“√®–∑”°“√‡ª≈’Ë¬πæ◊ÈπÀ≈—°

∞“π∑’Ë„™âÕâ“ßÕ‘ß®“°æ◊ÈπÀ≈—°∞“πÕ‘π‡¥’¬π 1975 ¡“‡ªìπæ◊ÈπÀ≈—°∞“π WGS84  ´÷Ëß®–∑”„Àâ°“√∑”ß“π„π¥â“π°“√

 ”√«®™—Èπ Ÿß·≈–ß“π∑”·ºπ∑’Ë‡ªìπ “°≈¡“°¢÷Èπ ¢âÕ¡Ÿ≈„π™ÿ¥∑’Ë Õßπ—Èπ‡ªìπ°“√Õâ“ßÕ‘ß®“°æ◊ÈπÀ≈—°∞“πÕ‘π‡¥’¬π 1975

´÷Ëß‡ªìπæ◊ÈπÀ≈—°∞“π∑’Ëª√–‡∑»‰∑¬‰¥â„™â¡“µ—Èß·µàªïæ.». 2518 ´÷Ëß„πªí®®ÿ∫—π¬—ß§ß„™âÕ¬Ÿà ‚¥¬¡’§à“æ“√“¡‘‡µÕ√å§◊Õ

   X = -206 ‡¡µ√     Y = -837 ‡¡µ√     Z = -295 ‡¡µ√ ·≈–„π¢âÕ¡Ÿ≈™ÿ¥∑’Ë “¡π—Èπ‡ªìπ§à“æ‘°—¥∑’ËÕâ“ßÕ‘ß¡“®“°

æ◊ÈπÀ≈—°∞“πÕ‘π‡¥’¬π 1975 ‡™àπ‡¥’¬«°—∫™ÿ¥∑’Ë Õß ‡æ’¬ß·µà§à“æ“√“¡‘‡µÕ√å∑’Ë„™âπ—Èπ‡ªìπ§à“æ“√“¡‘‡µÕ√å∑’Ë°√¡·ºπ∑’Ë

∑À“√‰¥â§”π«≥¢÷Èπ„À¡à ·≈–¡’§à“æ“√“¡‘‡µÕ√å§◊Õ     X = -204 ‡¡µ√     Y = -838 ‡¡µ√     Z = -295 ‡¡µ√ „π°“√

¥”‡π‘π°“√°àÕ √â“ßÀ¡ÿ¥À≈—°∞“π·≈–°“√√—ß«—¥‡æ◊ËÕÀ“§à“æ‘°—¥¥â«¬¥“«‡∑’¬¡√–∫∫ GPS „π§√—Èßπ’È À¡ÿ¥À≈—°∞“π∑’Ë‰¥â

¡’§«“¡∂Ÿ°µâÕß Ÿß‚¥¬¡’§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π‡©≈’Ë¬∑—Èß 8 À¡ÿ¥„π·π«·°π X = 0.00545 ‡¡µ√ „π·π«·°π Y =

0.00419 ‡¡µ√ ·≈–„π·π«·°π  Z = 0.01298 ‡¡µ√  ·≈–®“°¢âÕ°”Àπ¥¢Õßß“π√—ß«—¥¥â«¬¥“«‡∑’¬¡√–∫∫ GPS

‰¥â∫àß∫Õ°∂÷ß§«“¡πà“‡™◊ËÕ∂◊Õ¢Õß§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õßº≈¢Õß°“√√—ß«—¥ ¢÷ÈπÕ¬Ÿà°—∫Õß§åª√–°Õ∫À≈“¬ª√–°“√ Õ“∑‘

√–¬–‡«≈“„π°“√√—ß«—¥ §ÿ≥¿“æ¢Õß¢âÕ¡Ÿ≈ ·≈–«‘∏’°“√ª√–¡«≈º≈ ‚¥¬¡’‡°≥±å°“√µ√«® Õ∫°“√√—ß«—¥‡¡◊ËÕπ”§à“

‡∫’Ë¬ß‡∫π¡“µ√∞“π∑’Ë‰¥â ¡“‡ª√’¬∫‡∑’¬∫°—∫‡°≥±å°“√·∫àß™—Èπß“π æ∫«à“Õ¬Ÿà„π‡°≥±åß“π™—Èπ AA ·≈–ß“π™—Èπ∑’Ë 1 ´÷Ëß

¡’‡°≥±å¡“µ√∞“π¢Õß§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π‡©≈’Ë¬ ‰¡à‡°‘π 2 ‡´πµ‘‡¡µ√ ∂◊Õ«à“§à“æ‘°—¥∑’Ë‰¥â¡’§«“¡∂Ÿ°µâÕßÕ¬Ÿà„π√–¥—∫

 Ÿß∑’Ë “¡“√∂®–π”‰ª„™âª√–‚¬™πå„πß“π¥â“πµà“ßÊ ‡™àπ ß“π ”√«®™—Èπ Ÿß ß“π ”√«®√–π“∫√“∫ ß“π°àÕ √â“ß

√Ÿª∑’Ë 5  §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π‡ª√’¬∫‡∑’¬∫°—∫¡“µ√∞“π°“√·∫àß™—Èπß“π
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¢π“¥„À≠à·≈–ß“π “√ π‡∑»∑“ß¿Ÿ¡‘»“ µ√å ‡ªìπµâπ √«¡∑—Èß¡À“«‘∑¬“≈—¬®–¡’À¡ÿ¥À≈—°∞“π∑’Ë¡’§«“¡∂Ÿ°µâÕß Ÿß

·≈–‰¥â¡“µ√∞“π‡æ√“–‡ªìπ°“√Õâ“ßÕ‘ß§à“æ‘°—¥®“°À¡ÿ¥À≈—°∞“π√–¥—∫ª√–‡∑»

®“°º≈°“√»÷°…“∑”„Àâ∑√“∫§à“æ‘°—¥ ≥ µ”·ÀπàßÀ¡ÿ¥À≈—°∞“π∑—Èß 8 À¡ÿ¥ ‚¥¬°“√Õâ“ßÕ‘ß§à“æ‘°—¥®“°À¡ÿ¥

À≈—°∞“π¥“«‡∑’¬¡¢Õß°√¡·ºπ∑’Ë∑À“√ ́ ÷Ëß§à“æ‘°—¥∑’Ë‰¥â®“°°“√»÷°…“π—Èππ—∫«à“Õ¬Ÿà„π‡°≥±å∑’Ë¡’§«“¡≈–‡Õ’¬¥∂Ÿ°µâÕß Ÿß

‚¥¬‡¡◊ËÕπ”§à“§«“¡§≈“¥‡§≈◊ËÕπ¡“‡ª√’¬∫‡∑’¬∫°—∫‡°≥±å°“√·∫àß™—Èπ¢Õßß“π√—ß«—¥¥â«¬¥“«‡∑’¬¡√–∫∫ GPS ®–

·∫àß™—Èπß“π¢Õß°“√√—ß«—¥¿“§ π“¡‰¥â¥—ßπ’È ß“π√—ß«—¥∑ÿ°«ß√Õ∫ ®–Õ¬Ÿà„π‡°≥±å¢Õßß“π™—Èπ∑’Ë 1 „π√–∫∫¢Õßª√–‡∑»‰∑¬

§◊Õ§à“§«“¡§≈“¥‡§≈◊ËÕπµ“¡√–¬–‡ âπ∞“π Õ¬Ÿà„π™à«ß‡©≈’Ë¬‰¡à‡°‘π 8 ppm. ·≈–¡’«ß√Õ∫∑’Ë 8, 9 ·≈– 10 ®—¥Õ¬Ÿà„π

‡°≥±åß“π™—Èπ B (high precision) ∑’Ë¡’§«“¡≈–‡Õ’¬¥∂Ÿ°µâÕß Ÿß§◊Õ §à“§«“¡§≈“¥‡§≈◊ËÕπµ“¡√–¬–‡ âπ∞“π‡©≈’Ë¬‰¡à

‡°‘π 1 ppm. ·≈–º≈≈—æ∏å®“°°“√ª√–¡«≈º≈‚§√ß¢à“¬®–æ∫«à“§à“§«“¡ Ÿß®“°°“√√—ß«—¥¥â«¬¥“«‡∑’¬¡√–∫∫ GPS

´÷ËßÕâ“ßÕ‘ß√Ÿª∑√ß√’π—Èπ ¬—ß§ß¡’§«“¡§≈“¥‡§≈◊ËÕπ∑’Ë ŸßÕ¬Ÿà ¥—ßπ—Èπ§«√®–æ‘®“√≥“„π°“√°”Àπ¥§à“æ‘°—¥∑“ß¥‘Ëß¢ÕßÀ¡ÿ¥
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