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ɄŮɟɑɚɖɣɖ  

 

ȼ ɢɟɐůɖ Űɤɜ ŭŮəŰɩɜ GNSS ɤɠ ůɨůŰɖɛŬ ŮɜŰɞˊɘůɛɞɨ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŭɘŬŭŮŭɞɛɏɜɖ ůŮ ŮɟɔŬůɑŮɠ 

Űɞɡ ɛɖɢŬɜɘəɞɨ, ɧˊɤɠ ŮɑɜŬɘ ɞ Ŭəɟɘɓɐɠ ŮɜŰɞˊɘůɛɧɠ Űɖɠ ɗɏůɖɠ Ůɜɧɠ ůɖɛŮɑɞɡ, ŬɚɚɎ əŬɘ ůŮ ˊɘɞ 

əŬɗɖɛŮɟɘɜɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ɧˊɤɠ ŰŬ ůɡůŰɐɛŬŰŬ ˊɚɞɐɔɖůɖɠ ůŮ ŬɡŰɞəɑɜɖŰŬ. ȾŬŰɎ ůɡɜɏˊŮɘŬ 

ɡˊɎɟɢŮɘ ɏɜŬ ɛŮɔɎɚɞ Ůɨɟɞɠ ŭŮəŰɩɜ ɛŮ ŭɘŬűɞɟŮŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ŭɘŬűɞɟŮŰɘəɏɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ˊɞɡ ŮɑɜŬɘ əŬŰɎɚɚɖɚɞɘ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŮɟɔŬůɑŮɠ. ȰŰůɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ŬɜɎɔəɖ 

ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɚŮɔɢɞɠ əɡɟɑɤɠ ůŮ ɢŬɛɖɚɞɨ əɧůŰɞɠ ŭɏəŰŮɠ ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ɔɜɩůɖ Űɤɜ 

ŭɡɜŬŰɞŰɐŰɤɜ ŬɡŰɩɜ. 

ȰɜŬɠ ŭɏəŰɖɠ GNSS ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɛɏɟɖ, Űɞɜ əɡɟɑɤɠ ŭɏəŰɖ əŬɘ Űɖɜ əŮɟŬɑŬ ɖ ɞˊɞɑŬ 

ɚŬɛɓɎɜŮɘ Űɞ ůɐɛŬ Ŭˊɧ Űɞɡɠ ŭɞɟɡűɧɟɞɡɠ. ȷɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ŮůɤŰŮɟɘəɐ (ɛɏůŬ ůŰɞɜ 

ŭɏəŰɖ) ŮɑŰŮ ŮɝɤŰŮɟɘəɐ əŬɘ Ůˊɑůɖɠ ɜŬ ŮɑɜŬɘ ɔŮɤŭŬɘŰɘəɞɨ Űɨˊɞɡ ɐ Űɨˊɞɡ ˊɚɞɐɔɖůɖɠ. ũɘŬ ŬɡŰɐ 

Űɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əŮɟŬɑŬɠ Ůɜɧɠ 

ŭɏəŰɖ GNSS. ȷɡŰɎ ŮɑɜŬɘ Űɞ əɏɜŰɟɞ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ, ɖ Ŭˊɧəɚɘůɖ Űɞɡ əɏɜŰɟɞɡ űɎůɖɠ, 

ɛŮŰŬɓɞɚɐ Űɞɡ əɏɜŰɟɞɡ űɎůɖɠ, Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əŬɘ ɞ ɗɧɟɡɓɞɠ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ 

ɜŬ ɓɟŮɗŮɑ Űɞ ˊɟŬɔɛŬŰɘəɧ əɏɜŰɟɞ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ ɔɘŬŰɑ ŬɡŰɧ ŮɑɜŬɘ Űɞ ůɖɛŮɑɞ ˊɞɡ ɛŮŰɟɎŰŬɘ 

əŬɘ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧ Ŭˊɧ Űɞ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ Űɞɡ ŭɏəŰɖ. 

Ƀ ůəɞˊɧɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɐŰŬɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɏɚŮɔɢɞɠ əŮɟŬɘɩɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ŰŮɢɜɘəɐ Űɖɠ ůɢŮŰɘəɐɠ ɓŬɗɛɞɜɧɛɖůɖɠ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ ɛŮ ɢɟɐůɖ ˊɏɜŰŮ 

ŭɘŬűɞɟŮŰɘəɩɜ Űɨˊɤɜ ŭŮəŰɩɜ, ɔŮɤŭŬɘŰɘəɞɨ Űɨˊɞɡ əŬɘ Űɨˊɞɡ ˊɚɞɐɔɖůɖɠ ɞɘ ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬɘ ůŮ ŰɞˊɞɔɟŬűɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɆɡɔəŮəɟɘɛɏɜŬ ɞɘ ŭɨɞ ŭɏəŰŮɠ ˊɚɞɐɔɖůɖɠ 

ŮɑɜŬɘ Ublox ɛɑŬɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ ɞɘ Űɨˊɞɘ Űɞɡɠ ŮɑɜŬɘ ublox 6 LEA-6T ɛŮ ŭɘəɐ Űɞɡ əŮɟŬɑŬ əŬɘ 

ublox 7 NEO-7P ɛŮ əŮɟŬɑŬ Tallysman TW2410. Ƀɘ ɔŮɤŭŬɘŰɘəɞɑ ŭɏəŰŮɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ 

ɐŰŬɜ ŭɨɞ Trimble 5800, ɞ ɏɜŬɠ ɐŰŬɜ ɞ ŭɏəŰɖɠ ŬɜŬűɞɟɎɠ əŬɘ ɞ Ɏɚɚɞɠ ɔɘŬ Űɖ ůɨɔəɟɘůɖ, ɏɜŬɠ 

ŭɏəŰɖɠ Leica 1200 əŬɘ ɏɜŬɠ Javad Triumph.  

ũɘŬ ŬɡŰɧɜ Űɞɜ ɏɚŮɔɢɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ ůŰɖɜ ɞɟɞűɐ Űɞɡ əŰɖɟɑɞɡ ȿŬɛˊŬŭŬɟɑɞɡ. 

ȼ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ɏɔɘɜŮ ŰŬɡŰɧɢɟɞɜŬ ɔɘŬ Űɞɡɠ ˊɏɜŰŮ ŭɏəŰŮɠ ɛŮ ŭɏəŰɖ ŬɜŬűɞɟɎɠ Űɞɜ 

Trimble 5800. Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ Űɨˊɞɠ ŭɏəŰɖ ŭɘŬɗɏŰŮɘ ŭɖɛɞůɘŮɡɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ɓŬɗɛɞɜɧɛɖůɖɠ ɤɠ ˊɟɞɠ Űɖɜ əŮɟŬɑŬ Choke Ring Dorne Margolin ɖ ɞˊɞɑŬ ɗŮɤɟŮɑŰŬɘ ˊɟɧŰɡˊɞ. 

ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ ŮɚŮɨɗŮɟŬ ɚɞɔɘůɛɘəɎ Űɞ RTKLIB  

əŬɘ Űɞ ANTTOOL.  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ Űɞ ůűɎɚɛŬ ɚɧɔɤ əɏɜŰɟɞɡ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ ɔɘŬ Űɞɡɠ 

ɔŮɤŭŬɘŰɘəɞɨ Űɨˊɞɡ ŭŮəŰɩɜ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ ŬɜŰɑůŰɞɘɢɞ ɔɘŬ Űɘɠ Ublox əŮɟŬɑŮɠ ɧˊɤɠ 

ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, ɛŮ Űɖɜ Űɘɛɐ Űɞɡ ůűɎɚɛŬŰɞɠ ɜŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0.2 cm (ɔɘŬ Űɘɠ 

ɔŮɤŭŬɘŰɘəɏɠ) ɏɤɠ 15cm (ɔɘŬ Űɘɠ əŮɟŬɑŮɠ ˊɚɞɐɔɖůɖɠ).  
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Abstract  

 

The use of GNSS receivers for precise location is particularly widespread in engineering 

applications as well as in day-to-day activities, such as in car navigation systems. As a result 

there is a wide range of receivers with various features and capabilities that are suitable for 

different tasks. This creates the need to test mainly the low-cost receivers so the user is aware 

of their capabilities. 

A GNSS receiver consists of two parts, the main receiver and the antenna that is receiving the 

signals from the satellites. The antenna can be either internal or external to the receiver and 

can be of geodetic or navigation type. The main features of a GNSS antenna are the phase 

center of the antenna, phase center deviation, phase center change, polynomial error and 

noise. Therefore, it is important to find the real phase center of the antenna this is the point 

measured and is different from the receiver reference point. 

The purpose of this diploma thesis was to conduct antenna testing according to the relative 

calibration technique. Measurements were made using five different types of receiver, of 

geodetic type and navigation type that can also be used in surveying applications. 

Specifically, the two navigation receivers are Ublox, they make use of one frequency and 

their types are ublox 6 LEA-6T with its own antenna and ublox 7 NEO-7P with Tallysman 

TW2410 antenna. The geodetic receivers were two Trimble 5800 (one was used as the 

reference receiver), a Leica 1200 receiver and a Javad Triumph. The experiments were 

performed at the roof top of the Lambadarion building in NTUA. 

Data collection was performed simultaneously for all five receivers with a Trimble 5800 

being the reference receiver. This receiver type has published calibration parameters against 

the standard Choke Ring Dorne Margolin antenna. Two free software RTKLIB and 

ANTTOOL were used to process the data. The results showed that the antenna phase error for 

the geodetic receiver is smaller than the Ublox antenna as expected, with the error value 

raging from 0.2 cm (for the geodetic antennas) to 15 cm (for the navigation antennas). 
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ȾŮűɎɚŬɘɞ 1 ï ȺɘůŬɔɤɔɐ 
 

1.1 ȺȽɆȷũɋũȼ 
 

ɆŮ ˊɞɚɚɏɠ ŰɞˊɞɔɟŬűɘəɏɠ ŬɚɚɎ əŬɘ ɎɚɚŮɠ ŮɟɔŬůɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡůŰɐɛŬŰŬ ŮɜŰɞˊɘůɛɞɨ 

əɎɜɞɜŰŬɠ ɛŮŰɟɐůŮɘɠ ɛŮ ŭɏəŰŮɠ GNSS. ȼ ɢɟɐůɖ ŬɡŰɩɜ ŮɑɜŬɘ ɜŬ əɎɜɞɡɜ Ŭəɟɘɓɐ ŮɜŰɞˊɘůɛɧ Űɖɠ 

ɗɏůɖɠ ɧˊɞɡ ɏɢŮɘ ŰɞˊɞɗŮŰɖɗŮɑ ɞ ŭɏəŰɖɠ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. ũɘŬ ɜŬ Űɞ ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ ŬɡŰɧ ɞ 

ŭɏəŰɖɠ ŭɏɢŮŰŬɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ Ŭˊɧ ŭɞɟɡűɧɟɞɡɠ əŬɘ ŰŬ ŮˊŮɝŮɟɔɎɕŮŰŬɘ. ȷˊɧ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ůɐɛŬŰɞɠ ɞ ŭɏəŰɖɠ ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ŬˊɧůŰŬůɐ Űɞɡ Ŭˊɧ Űɞɜ əɎɗŮ ŭɞɟɡűɧɟɞ 

ˊɞɡ Űɞɡ ɏůŰŮɘɚŮ ůɐɛŬ əŬɘ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŬˊɞůŰɎůŮɘɠ ůŰɖ ůɡɜɏɢŮɘŬ əɎɜŮɘ Ůˊɑɚɡůɖ Űɖɠ ɗɏůɖɠ 

Űɞɡ ůŰɞ ŭɞɟɡűɞɟɘəɧ ůɨůŰɖɛŬ ŮɜŰɞˊɘůɛɞɨ. ɀŮ Űɖ ɢɟɐůɖ Űɤɜ ŭŮəŰɩɜ GNSS ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ˊɞɚɨ əŬɚɐ ŬəɟɑɓŮɘŬ ɞˊɧŰŮ ɏɢŮɘ əŬɗɘŮɟɤɗŮɑ ɖ 

ɢɟɐůɖ Űɞɡɠ ůŮ ŮɟɔŬůɑŮɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ. 

Ƀ ŭɏəŰɖɠ GNSS ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɎ ɛɏɟɖ Űɖɜ əŮɟŬɑŬ əŬɘ Űɞɜ əɡɟɑɤɠ ŭɏəŰɖ. ȼ ɓŬůɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ əŮɟŬɑŬɠ ŮɑɜŬɘ ɜŬ ɛŮŰŬŰɟɏˊŮɘ ŰŬ ŭɞɟɡűɞɟɘəɎ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ ůŮ 

ɖɚŮəŰɟɘəɎ ůɐɛŬŰŬ. ɈˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Űɨˊɞɘ əŮɟŬɘɩɜ ɛŮ Űɞɡɠ ɓŬůɘəɞɨɠ ɜŬ ŮɑɜŬɘ ɞɘ 

ɔŮɤŭŬɘŰɘəɞɨ Űɨˊɞɡ əŬɘ ɞɘ əŮɟŬɑŮɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ˊɚɞɐɔɖůɖɠ əŬɘ ɔŮɜɘəɧŰŮɟŬ ɔɘŬ ŮűŬɟɛɞɔɏɠ 

ɢŬɛɖɚɐɠ ŬəɟɑɓŮɘŬɠ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ ŮűŬɟɛɞɔɏɠ ɢŬɛɖɚɐɠ ŬəɟɑɓŮɘŬɠ ŬˊɞŰŮɚɞɨɜ Űɖɜ 

ůɡɜŰɟɘˊŰɘəɐ ˊɚŮɘɞɣɖűɑŬ ɢɟɐůɖɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ GNSS ůŮ ˊŬɔəɧůɛɘŬ əɚɑɛŬəŬ ɛŮ ŬɡɝɖŰɘəɐ 

ŰɎůɖ. 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Űɨˊɞɘ əŮɟŬɘɩɜ ɛŮ ˊɞɚɚɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɡˊɎɟɢɞɡɜ ŭɘŬŭɘəŬůɑŮɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɚŮɔɢɗɞɨɜ Űɧůɞ ɖ ŬəɟɑɓŮɘŬ Űɞɡ 

əŬŰŬůəŮɡŬůŰɐ ŬɚɚɎ əŬɘ ɖ ůɨɔəɟɘůɖ ɛŮ ˊɟɧŰɡˊŬ əŬɘ ŭɘŮɗɜɩɠ ŬɜŬɔɜɤɟɘůɛɏɜŮɠ əŮɟŬɑŮɠ (ɧˊɤɠ 

ɖ Dorne and Margolin) ɛŮ ůəɞˊɧ Űɖ ɓŬɗɛɞɜɧɛɖůɐ Űɞɡɠ. 

ȼ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ əŮɟŬɑŬɠ ŮɑɜŬɘ ɛɑŬ ŭɘŬŭɘəŬůɑŬ  ˊɞɡ ɏɢŮɘ ůəɞˊɧ  ɜŬ ɡˊɞɚɞɔɑůŮɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əŮɟŬɑŬɠ Ůɜɧɠ ŭɏəŰɖ GNSS ŮɑŰŮ ŬɡŰɧɜɞɛŬ ŮɑŰŮ ůŮ ůɨɔəɟɘůɖ ɛŮ əɎˊɞɘɞ 

ˊɟɧŰɡˊɞ ɏŰůɘ ɩůŰŮ  ůŰɖ ůɡɜɏɢŮɘŬ ŬɡŰɎ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ɓŮɚŰɘɤɗŮɑ ɖ ŬəɟɑɓŮɘŬ Űɞɡ 

ŮɜŰɞˊɘůɛɞɨ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɖ ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ ɔŮɤŭŬɘŰɘəɩɜ əŮɟŬɘɩɜ 

ɏɢŮɘ ŰɟŬɓɐɝŮɘ Űɖɜ ˊɟɞůɞɢɐ ˊɞɚɚɩɜ ɛŮɚŮŰɖŰɩɜ. ɀŮ ŭɨɞ ŭɘŬŭɘəŬůɑŮɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŬɡŰɐ, ɛŮ 

Űɖɜ ůɢŮŰɘəɐ ɓŬɗɛɞɜɧɛɖůɖ ůŰɖɜ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ ŭɏəŰŮɠ əŬɘ ɛŮ Űɖɜ ŬˊɧɚɡŰɖ 

ɓŬɗɛɞɜɧɛɖůɖ ɖ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ ɛɖɢŬɜɐɛŬŰɞɠ. ȼ ɓŬɗɛɞɜɧɛɖůɖ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɔɘŬ ɏɚŮɔɢɞ Űɞɡ ŭɏəŰɖ əŬɗɩɠ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ əŮɟŬɑŬɠ ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ŬɚɚɎɕɞɡɜ ůŮ əɎɗŮ ɛɏŰɟɖůɖ ɞˊɧŰŮ əŬɚɧ ŮɑɜŬɘ ɜŬ ɔɑɜŮŰŬɘ ŬɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ əɎɗŮ űɞɟɎ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ŭɏəŰɖɠ.  

ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ Ůɚɏɔɢɞɡ əŬɘ ůɨɔəɟɘůɖɠ əɎˊɞɘɤɜ ɓŬůɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŮɟŬɘɩɜ GNSS Űɧůɞ ɔŮɤŭŬɘŰɘəɞɨ Űɨˊɞɡ ɧůɞ əŬɘ əŮɟŬɘɩɜ ɢŬɛɖɚɞɨ 

əɧůŰɞɡɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ˊɚɞɐɔɖůɖɠ.  

Ƀɘ əŮɟŬɑŮɠ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ˊɞɡ ůɡɜɞŭŮɨɞɡɜ ŭɏəŰŮɠ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ŮɛűŬɜɑɕɞɡɜ ŮɡɟɨŰŬŰɖ 

ɢɟɐůɖ ůŮ ˊɚɐɗɞɠ ŮűŬɟɛɞɔɩɜ. ȺɑɜŬɘ Ůˊɞɛɏɜɤɠ ůɖɛŬɜŰɘəɧ ɜŬ ŮɚŮɔɢɗŮɑ Ŭɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 
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ˊɞɡ ŭɑɜɞɡɜ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ əŬɘ ˊɧůɞ ɛŮɔɎɚɖ ŭɘŬűɞɟɎ ɏɢɞɡɜ Ŭˊɧ Űɞɡɠ ɔŮɤŭŬɘŰɘəɞɨɠ 

ŭɏəŰŮɠ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ əŮɟŬɑŬɠ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ŭŮəŰɩɜ. ȾɎɜɞɜŰŬɠ ŬɡŰɞɨɠ Űɞɡɠ Ůɚɏɔɢɞɡɠ ɗŬ ɛˊɞɟŮɑ ɞ ɢɟɐůŰɖɠ ɜŬ ɏɢŮɘ ɛɘŬ əŬɚɨŰŮɟɖ ŮɘəɧɜŬ 

ɔɘŬ Űɞ Űɘ Ůɑŭɞɡɠ ŭɏəŰŮɠ ɗŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ŭɘɎűɞɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ. 

 

1.2 ɆȾɃɄɃɆ ɇȼɆ ȹȽɄȿɋɀȷɇȽȾȼɆ 
 

Ƀ ɓŬůɘəɧɠ ůəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ɏɚŮɔɢɞɠ əŬɘ ɖ ůɨɔəɟɘůɖ ɓŬůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ 

əŮɟŬɘɩɜ GNSS ɔɘŬ ɛɘŬ ůŮɘɟɎ ŭŮəŰɩɜ ɔŮɤŭŬɘŰɘəɞɨ Űɨˊɞɡ əŬɘ Űɨˊɞɡ ˊɚɞɐɔɖůɖɠ. Ƀɘ 

ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɏɠ Ŭűɞɟɞɨɜ əɡɟɑɤɠ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ (multipath), ɖ ŮɡŬɘůɗɖůɑŬ 

ůŰɖ ɚɐɣɖ ůɖɛɎŰɤɜ ŭɘŬűɞɟŮŰɘəɐɠ ŭɘŮɨɗɡɜůɖɠ (gain pattern) əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ əɏɜŰɟɞɡ 

űɎůɖɠ ŭɖɚŬŭɐ Űɞɡ ɖɚŮəŰɟɘəɞɨ əɏɜŰɟɞɡ ŬɜŬűɞɟɎɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ɔɘŬ Űɘɠ ůɡɢɜɧŰɖŰŮɠ 

ɛɏŰɟɖůɖɠ (phase center variation). 

ũɘŬ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ Űɤɜ ˊŬɟŬˊɎɜɤ ˊŬɟŬɛɏŰɟɤɜ əŮɟŬɘɩɜ GNSS ɏɔɘɜŬɜ ˊŮɘɟŬɛŬŰɘəɏɠ 

ɛŮŰɟɐůŮɘɠ ɛŮ ŰɟŮɘɠ əŮɟŬɑŮɠ ɔŮɤŭŬɘŰɘəɞɨ Űɨˊɞɡ əŬɘ ŭɨɞ əŮɟŬɑŮɠ Űɨˊɞɡ ˊɚɞɐɔɖůɖɠ. ũɘŬ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ůɘŭɘəɧ ŬɜɞɘɢŰɧ ɚɞɔɘůɛɘəɧ (RTKLIB əŬɘ ANTTOOL). 

 

1.3 ȹɃɀȼ ɇȼɆ ȹȽɄȿɋɀȷɇȽȾȼɆ  
 

ȼ ŭɘˊɚɤɛŬŰɘəɐ ŬɡŰɐ ɢɤɟɑɕŮŰŬɘ ůŮ ɏɝɘ əŮűɎɚŬɘŬ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɤɜ ɞˊɞɑɤɜ ˊŮɟɘɔɟɎűŮŰŬɘ 

ůɡɜɞˊŰɘəɎ ˊŬɟŬəɎŰɤ. 

 

ȾŮűɎɚŬɘɞ 2: ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ˊŮɟɘɔɟŬűɐ Űɤɜ ɓŬůɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ əŮɟŬɘɩɜ GNSS 

əŬɘ ŭɑɜŮŰŬɘ ɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɐ Űɞɡɠ. ũɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɖ ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ əŮɟŬɘɩɜ Űɤɜ 

ɔŮɤŭŬɘŰɘəɩɜ ŭŮəŰɩɜ ŬɜŬűɞɟɎɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɞ ůəɞˊɧɠ Űɖɠ 

ɓŬɗɛɞɜɧɛɖůɖɠ əŮɟŬɘɩɜ əŬɗɩɠ əŬɘ ɔɘŬŰɑ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ, əŬɘ  ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ 

ŮɜŭɘŬűɏɟɞɡɜ əŬŰɎ Űɞɜ ɏɚŮɔɢɞ əŬɘ Űɖ ɓŬɗɛɞɜɧɛɖůɖ.  

ȾŮűɎɚŬɘɞ 3:  ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ˊŮɟɘɔɟŬűɐ Űɤɜ ɚɞɔɘůɛɘəɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. Ƀɘ ɛŮŰɟɐůŮɘɠ ɏɢɞɡɜ ůɡɚɚŮɢɗŮɑ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɞɨɠ 

Űɨˊɞɡɠ ŭŮəŰɩɜ GNSS əŬɘ ˊɟɏˊŮɘ ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ɛɞɟűɐ RINEX. ɇŬ ɚɞɔɘůɛɘəɎ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ ŮɑɜŬɘ Űɞ RTKLIB əŬɘ Űɞ Anttool. 

 

ȾŮűɎɚŬɘɞ 4: ɇɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŮɟɘɔɟɎűŮɘ Űɘɠ ˊŮɘɟŬɛŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ůɡɚɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ 

Ŭ́ ɧ ˊɏɜŰŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ŭɏəŰŮɠ əŬɘ əŮɟŬɑŮɠ. ɄŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ŭɏəŰŮɠ əŬɗɩɠ əŬɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ  ůɡɚɚɏɔɞɜŰŬɘ ŰŬ 

ŭŮŭɞɛɏɜŬ.  
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ȾŮűɎɚŬɘɞ 5: ɄŮɟɘɔɟɎűŮŰŬɘ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɏɔɘɜŮ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ 

ůɡɚɚɏɢɗɖəŬɜ Ŭˊɧ Űɞ ˊŮɑɟŬɛŬ ɔɘŬ ɜŬ ɔɑɜŮɘ ɞ ɏɚŮɔɢɞɠ Űɤɜ ŭŮəŰɩɜ. ȷɜŰɘəŮɑɛŮɜɞ Űɞɡ əŮűŬɚŬɑɞɡ 

ŮɑɜŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɛŮŰɎ Űɖ ɢɟɐůɖ Űɤɜ ɚɞɔɘůɛɘəɩɜ əŬɘ ɖ ůɖɛŬůɑŬ Űɞɡɠ. 

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŰŮɚɘəɎ ɡˊɞɚɞɔɘůɛɏɜŬ ůŰɞɘɢŮɑŬ Űɤɜ ŭŮəŰɩɜ əŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ 

ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɢɗɞɨɜ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ Anttool ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ɏɔɘɜŬɜ Ŭˊɧ ŬɡŰɞɨɠ 

Űɞɡɠ ŭɏəŰŮɠ. ȰˊŮɘŰŬ ɔɑɜŮŰŬɘ ŬɜɎɚɡůɖ ŬɡŰɩɜ ŭɖɚŬŭɐ Űɘ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ Ŭˊɧ ŬɡŰɎ əŬɘ 

ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ŭɘŬɔɟŬɛɛɎŰɤɜ Űɞɡ əɎɗŮ ŭɏəŰɖ. 

 

ȾŮűɎɚŬɘɞ 6: ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ˊŬɟɎɗŮůɖ Űɤɜ ɓŬůɘəɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ ˊɞɡ 

ɏɢɞɡɜ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖ ůɡɚɚɞɔɐ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɗɩɠ əŬɘ Űɖɜ ŬɜɎɚɡůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. Ⱥˊɑůɖɠ ŭɑɜɞɜŰŬɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ůɡɜɏɢɘůɖ Űɖɠ ŮɟɔŬůɑŬɠ.  
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ȾŮűɎɚŬɘɞ 2 ï ȰɚŮɔɢɞɠ ȾŮɟŬɑŬɠ GNSS 
 

2.1 ȺɘůŬɔɤɔɐ 

 

ɇɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɏɢŮɘ ɤɠ ɗɏɛŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ əŮɟŬɘɩɜ GNSS ŭɖɚŬŭɐ ˊɤɠ ɔɑɜŮŰŬɘ, ɔɘŬŰɑ 

ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ, əŬɗɩɠ Ůˊɑůɖɠ ˊɞɘŬ ůŰɞɘɢŮɑŬ Űɖɠ əŮɟŬɑŬɠ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ɡˊɞɚɞɔɘůŰɞɨɜ əŬɘ Űɘ ŮɑɜŬɘ Űɞ əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ. ȷɟɢɘəɎ ŭɑɜŮŰŬɘ ɛɘŬ ɓŬůɘəɐ ˊŮɟɘɔɟŬűɐ ɔɘŬ 

Űɞɡɠ ŭɏəŰŮɠ əŬɘ Űɘɠ əŮɟŬɑŮɠ GNSS, Űɞɡɠ Űɨˊɞɡɠ əŮɟŬɘɩɜ əŬɘ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ɓŬůɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ɓŬɗɛɞɜɧɛɖůɖɠ əŬɘ ŬəɞɚɞɡɗŮɑ ůɨɜŰɞɛɖ 

ˊŮɟɘɔɟŬűɐ ɔɘŬ Űɘɠ ɛŮɗɧŭɞɡɠ ɓŬɗɛɞɜɧɛɖůɖɠ. 

 

2.2 Ƀ ȹȺȾɇȼɆ GNSS  
 

Ƀɘ ŭɏəŰŮɠ GNSS ŮɑɜŬɘ ɧɟɔŬɜŬ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŰɞˊɞɔɟŬűɘəɏɠ ɐ əŬɘ ɎɚɚŮɠ 

ŮɟɔŬůɑŮɠ ɔɘŬ ɜŬ əɎɜɞɡɜ ŮɜŰɞˊɘůɛɧ ɗɏůɖɠ, Űɞɜ ɞˊɞɑɞ Űɞɜ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ Ŭˊɧ ŰŬ ŭɞɟɡűɞɟɘəɎ 

ůɐɛŬŰŬ ˊɞɡ ɚŬɛɓɎɜɞɡɜ. ȰɜŬɠ ŭɏəŰɖɠ GNSS ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɛɏɟɖ, Űɞɜ əɡɟɑɤɠ ŭɏəŰɖ əŬɘ 

Űɖɜ əŮɟŬɑŬ. ȼ ŭɞɡɚŮɘɎ Űɖɠ əŮɟŬɑŬɠ ŮɑɜŬɘ ɜŬ ɚŬɛɓɎɜŮɘ Űɞ ůɐɛŬ Ŭˊɧ Űɞɡɠ ŭɞɟɡűɧɟɞɡɠ. ȷɡŰɐ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ŮůɤŰŮɟɘəɐ (ɛɏůŬ ůŰɞ ŭɏəŰɖ) ŮɑŰŮ ŮɝɤŰŮɟɘəɐ (ɖ ɞˊɞɑŬ ůɡɜŭɏŮŰŬɘ ɛŮ 

əŬɚɩŭɘɞ ɛŮ Űɞɜ ŭɏəŰɖ). Ƀ əɡɟɑɤɠ ŭɏəŰɖɠ ɏɢŮɘ ɧŰɘ ɢɟŮɘɎɕŮŰŬɘ ɔɘŬ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ əŬɘ ɜŬ 

əŬŰŬɔɟɎɣŮɘ ɛŮŰɟɐůŮɘɠ ɞ ŭɏəŰɖɠ GNSS. ȰɢŮɘ ŭɖɚŬŭɐ ŭɘŬɨɚɞɡɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ 

ŭɞɟɡűɞɟɘəɞɨ ůɐɛŬŰɞɠ, ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ, ɏɜŬ ɢɩɟɞ ɔɘŬ ɜŬ ŬˊɞɗɖəŮɨŮɘ Űɘɠ əŬŰŬɔɟŬűɏɠ 

əŬɗɩɠ əŬɘ Űɞ ůɨůŰɖɛŬ Űɖɠ ɛŬ́ŰŬɟɑŬɠ. 

 

2.2.1 ȼ ȾȺɅȷȽȷ ɇɃɈ ȹȺȾɇȼ  

ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɖ əŮɟŬɑŬ ɚŬɛɓɎɜŮɘ Űɞ ůɐɛŬ Ŭˊɧ Űɞɜ ŭɞɟɡűɧɟɞ. ȷɡŰɧ Űɞ ůɐɛŬ ɚɧɔɤ 

Űɖɠ ˊɞɚɨ ɛŮɔɎɚɖɠ ŬˊɧůŰŬůɖɠ Űɞɡ ŭɞɟɡűɧɟɞɡ Ŭˊɧ Űɞɜ ŭɏəŰɖ ŮɑɜŬɘ ŮɝŬůɗŮɜɖɛɏɜɞ ɞˊɧŰŮ ɞɘ 

əŮɟŬɑŮɠ Űɤɜ ŭŮəŰɩɜ GNSS ŮɑɜŬɘ ŮɘŭɘəɎ əŬŰŬůəŮɡŬůɛɏɜŮɠ ɔɘŬ ɜŬ ŭɏɢɞɜŰŬɘ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ůɐɛŬŰŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ əŮɟŬɑŬ ŮɑɜŬɘ ŮɝɤŰŮɟɘəɐ, ŬɡŰɐ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɜ ŭɏəŰɖ 

ůɡɜɐɗɤɠ ɛŮ əŬɚɩŭɘɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ɛɐəɞɠ Ŭˊɧ ɚɑɔŬ ɛɏŰɟŬ ɛɏɢɟɘ əŬɘ ˊɎɜɤ Ŭˊɧ 10m 

ɧɛɤɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ əŬɘ ŬůɨɟɛŬŰŬ. Ƀɘ əŮɟŬɑŮɠ ŬɡŰɏɠ ŭɏɢɞɜŰŬɘ ůɐɛŬ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ 

ůɡɢɜɧŰɖŰŮɠ, Űɖɜ L1 əŬɘ Űɖɜ L2 (ˊɞɡ ŮɑɜŬɘ ɔɘŬ Űɞ GPS). Ƀɘ ɔŮɤŭŬɘŰɘəɏɠ əŮɟŬɑŮɠ ŭɏɢɞɜŰŬɘ ůɐɛŬ 

əŬɘ ůŰɘɠ ŭɨɞ ůɡɢɜɧŰɖŰŮɠ Ůɜɩ ɡˊɎɟɢɞɡɜ ɔŮɤŭŬɘŰɘəɏɠ əŬɘ Ɏɚɚɞɡ Űɨˊɞɡ əŮɟŬɑŮɠ ɞɘ ɞˊɞɑŮɠ 

ŭɏɢɞɜŰŬɘ ůɐɛŬŰŬ ɛɧɜɞ ůŮ ɛɑŬ ůɡɢɜɧŰɖŰŬ. 

 

 

2.2.2 ɇɈɄɃȽ ȾȺɅȷȽɋɁ  

ɈˊɎɟɢɞɡɜ ŰɟɑŬ Ůɑŭɖ əŮɟŬɘɩɜ ɔɘŬ Űɞɡɠ ŭɏəŰŮɠ GNSS, ɞɘ ɔŮɤŭŬɘŰɘəɏɠ, ɞɘ űɞɟɖŰɏɠ (rover) əŬɘ ɞɘ 

ɢŮɘɟɧɠ (handheld).  
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ũŮɤŭŬɘŰɘəɏɠ əŮɟŬɑŮɠ   

ȷɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ŭɏəŰŮɠ GNSS ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ ɞɘ ɞˊɞɑɞɘ ůŰŬɗŮɟɞˊɞɘɞɨɜŰŬɘ ůŮ 

ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɗɏůɖ əŬɘ ɏɢɞɡɜ ůəɞˊɧ ɜŬ ˊŬɟɏɢɞɡɜ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɚɨ əŬɚɐɠ ŬəɟɑɓŮɘŬɠ 

ɔɘŬ ɛɘŬ əŬɗɞɟɘůɛɏɜɖ ŮɟɔŬůɑŬ. ɇɡˊɘəɎ ŬɡŰɏɠ ŭɏɢɞɜŰŬɘ ůɐɛŬŰŬ ůŰɞ GPS, ŭɖɚŬŭɐ ůŰɞ Ůɨɟɞɠ L1 

əŬɘ L2 ůɡɢɜɞŰɐŰɤɜ ɧɛɤɠ əɎˊɞɘŮɠ ŭɏɢɞɜŰŬɘ əŬɘ ůŰɞ GLONASS əŬɘ Ŭəɧɛɖ əŬɘ ůŮ L5 

ůɡɢɜɧŰɖŰŮɠ. ɆŮ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ Űɘɠ əŮɟŬɑŮɠ ŮɑɜŬɘ ŭɘŬŭŮŭɞɛɏɜɖ ɖ ɢɟɐůɖ Űɤɜ ůˊŮɘɟɞŮɘŭɩɜ 

ŭŬəŰɡɚɑɤɜ əŬɗɩɠ ˊɟɞůűɏɟŮɘ ˊɞɚɚɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ.  

 

ūɞɟɖŰɏɠ əŮɟŬɑŮɠ (Rover Antennas) 

Ƀɘ əŮɟŬɑŮɠ ŰɏŰɞɘɞɡ Űɨˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŮɟɔŬůɑŮɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɏɜŬɜ ŭɏəŰɖ GNSS 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬəɘɜɖɗŮɑ ɧˊɤɠ ůŮ ŰɞˊɞɔɟŬűɘəɏɠ, ŭŬůɘəɏɠ, ɓɘɞɛɖɢŬɜɘəɏɠ ŮɟɔŬůɑŮɠ 

ŬˊɞŰɨˊɤůɖɠ əŰɚ. Ɇɡɜɐɗɤɠ ůŮ ŰɏŰɞɘŮɠ ŮɟɔŬůɑŮɠ ɖ əŮɟŬɑŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ˊɎɜɤ ůŮ ɛɘŬ ɣɖɚɐ 

ɟɎɓŭɞ ˊɞɡ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬəɘɜɐůŮɘ ɛŮ ŰŬ ɢɏɟɘŬ Űɞɡ. ɀŮ ŬɡŰɐ Űɖɜ ŰɞˊɞɗɏŰɖůɖ 

ŬˊɞűŮɨɔŮŰŬɘ əɎˊɞɘɞ ůűɎɚɛŬ Ŭˊɧ Űɖɜ ŬɜɎəɚŬůɖ Űɞɡ ůɐɛŬŰɞɠ ůŰɞ ɏŭŬűɞɠ. ɄŬɟɧɚɞ ˊɞɡ ŮɑɜŬɘ 

əŬɘ ŬɡŰɐ əŮɟŬɑŬ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ, ɚɧɔɤ ŭɘŬűɞɟŮŰɘəɐɠ əŬŰŬůəŮɡɐ Űɞɡ ŭɏəŰɖ əŬɘ ŮˊŮɘŭɐ ŭŮɜ 

ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɞɘ ůˊŮɘɟɞŮɘŭɐɠ ŭŬəŰɨɚɘɞɘ, ɡˊɎɟɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ɛŮŰŬəɑɜɖůɖ Űɞɡ 

əɏɜŰɟɞɡ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ Ůˊɘˊɚɏɞɜ ůűɎɚɛŬŰŬ.  

 

ȾŮɟŬɑŮɠ ȹŮəŰɩɜ ɉŮɘɟɧɠ (Handheld Antennas) 

ȷɡŰɏɠ ɞɘ əŮɟŬɑŮɠ ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɜŬ ɏɢɞɡɜ ɓɞɚɘəɧ ůɢɐɛŬ əŬɘ ɛɏɔŮɗɞɠ əŬɘ ɢŬɛɖɚɧ 

əɧůŰɞɠ əŬŰô ŮˊɏəŰŬůɖ əŬɘ ɢŬɛɖɚɧŰŮɟɖ ŬəɟɑɓŮɘŬ. ȷəɧɛɖ ŭɏɢɞɜŰŬɘ ůɐɛŬ ůŮ ɛɑŬ ůɡɢɜɧŰɖŰŬ 

Űɖɜ L1.  

 

ɆŰɞɜ ɄɑɜŬəŬ 2.1 ˊŬɟɞɡůɘɎɕŮŰŬɘ ůɨɔəɟɘůɖ ɔɘŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ Űɟɘɩɜ ŬɡŰɩɜ Űɨˊɤɜ 

əŮɟŬɘɩɜ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɡŰɎ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɖɜ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ. 

 

 

ɄɑɜŬəŬɠ 2. 1 Ɇɨɔəɟɘůɖ Űɤɜ Űɟɘɩɜ Űɨˊɤɜ əŮɟŬɘɩɜ ( Moernaut 2009) 
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2.3 ȸȷɆȽȾȷ ɉȷɅȷȾɇȼɅȽɆɇȽȾȷ ɀȽȷɆ ȾȺɅȷȽȷɆ 
 

ɇŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŮɜŭɘŬűɏɟɞɡɜ ůŮ ɛɘŬ əŮɟŬɑŬ GNSS ŮɑɜŬɘ: 

 

 ȾɏɜŰɟɞ űɎůɖɠ (Phase Center): ɀŮ ŰŮɢɜɘəɞɨɠ ɧɟɞɡɠ Űɞ əɏɜŰɟɞ űɎůɖɠ ŮɑɜŬɘ Űɞ ɖɚŮəŰɟɘəɧ 

əɏɜŰɟɞ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ əŬɘ Ŭˊɧ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɝŮəɘɜɞɨɜ ɧɚŬ ŰŬ ůɐɛŬŰŬ ˊɞɡ ůŰɏɚɜŮɘ ɐ 

ůɡɔəɚɑɜɞɡɜ ɧɚŬ ŰŬ ůɐɛŬŰŬ ˊɞɡ ŭɏɢŮŰŬɘ. ɆŰɖɜ ɞɡůɑŬ ŬɡŰɧ ŮɑɜŬɘ Űɞ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ŭɏɢŮŰŬɘ 

Űɞ ůɐɛŬ Ŭˊɧ Űɞ ŭɞɟɡűɧɟɞ ɖ əŮɟŬɑŬ, ɞˊɧŰŮ ŬɡŰɞɨ Űɞɡ ůɖɛŮɑɞɡ ɡˊɞɚɞɔɑɕɞɡɛŮ Űɘɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ ɧŰŬɜ əɎɜɞɡɛŮ Űɖ ɚɨůɖ, əŬɘ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧ Ŭˊɧ Űɞ ůɖɛŮɑɞ Űɞɡ ŭɏəŰɖ ˊɞɡ 

ɗŮɤɟɞɨɛŮ ɧŰɘ ŭɏɢŮŰŬɘ Űɘɠ ɛŮŰɟɐůŮɘɠ əŬɘ ɡˊɞɚɞɔɑɕɞɡɛŮ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ. ȷɡŰɧ Űɞ ůɖɛŮɑɞ 

ŬɚɚɎɕŮɘ ůŮ əɎɗŮ ɛɏŰɟɖůɖ əŬɗɩɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ əŬŰŮɨɗɡɜůɖ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ əŬɘ 

ɎɟŬ Ŭˊɧ Űɖ ɗɏůɖ Űɞɡ ŭɞɟɡűɧɟɞɡ. ɇŮɚɘəɎ ɗŬ ɏɢɞɡɛŮ ˊɞɚɚɎ ůɖɛŮɑŬ ɤɠ əɏɜŰɟɞ űɎůɖɠ ɞˊɧŰŮ 

ŬɡŰɧ ɗŬ ŮɑɜŬɘ ɞ ɛɏůɞɠ ɧɟɞɠ ŬɡŰɩɜ (ɞ ɛɏůɞɠ ɧɟɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɓɎɟɖ). 

ȷˊɧəɚɘůɖ əɏɜŰɟɞɡ űɎůɖɠ (Phase Center Offset ɐ PCO): ȷɡŰɧ ŮɑɜŬɘ ɖ ŭɘŬűɞɟɎ ɐ ɖ Ŭˊɧəɚɘůɖ 

Űɞɡ ɗŮɤɟɖŰɘəɞɨ ůɖɛŮɑɞɡ Űɖɠ əŮɟŬɑŬɠ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ (antenna reference point ARP) 

Ŭˊɧ Űɞ ˊɟŬɔɛŬŰɘəɧ ŭɖɚŬŭɐ Űɞ əɏɜŰɟɞ űɎůɖɠ. ɈˊɞɚɞɔɑɕŮŰŬɘ ůŰɞɜ ŰɟɘůŭɘɎůŰŬŰɞ ɢɩɟɞ 

ˊɟɞůŭɘɞɟɑɕɞɜŰŬɠ Űɖɜ Ŭˊɧəɚɘůɖ ůŰɖɜ əɎɗŮ əŬŰŮɨɗɡɜůɖ (E, N, U). ȷɡŰɐ ɖ Ŭˊɧəɚɘůɖ ɛˊɞɟŮɑ ɜŬ 

űŰɎɜŮɘ ɛɏɢɟɘ əŬɘ ɚɑɔŬ ŮəŬŰɞůŰɎ. 

ɀŮŰŬɓɞɚɏɠ əɏɜŰɟɞɡ űɎůɖɠ (Phase Center Variation ɐ PCV): ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɘɞ ˊɎɜɤ ɔɘŬ 

əɎɗŮ ɛɏŰɟɖůɖ ɏɢɞɡɛŮ ŭɘŬűɞɟŮŰɘəɧ əɏɜŰɟɞ űɎůɖɠ, ɖ ŭɘŬűɞɟɎ ŬɡŰɩɜ Ŭˊɧ Űɞ ɛɏůɞ ɧɟɞ ŭɖɚŬŭɐ 

Űɞ ŰŮɚɘəɧ ˊɞɡ ɡˊɞɚɞɔɑɕɞɡɛŮ ŮɑɜŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɞɡ əɏɜŰɟɞɡ űɎůɖɠ. 

 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ (Multipath): ȺɑɜŬɘ ɏɜŬ ůűɎɚɛŬ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɖɜ 

ŬɜɎəɚŬůɖ Űɞɡ ůɐɛŬŰɞɠ ůŮ ŮˊɘűɎɜŮɘŮɠ əɞɜŰɎ ůŰɞ ŭɏəŰɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞ ŭɏəŰɖɠ ɜŬ ŭɏɢŮŰŬɘ 

ůɐɛŬ əŬɘ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɞɜ ŭɞɟɡűɧɟɞ əŬɘ Ŭˊɧ ŬɜɎəɚŬůɖ. ȳŰŬɜ ůɡɛɓŬɑɜŮɘ ŬɡŰɧ ɞ ŭɏəŰɖɠ 

ŭɏɢŮŰŬɘ Űɞ ɑŭɘɞ ůɐɛŬ ˊɞɚɚɏɠ űɞɟɏɠ ŬɚɚɎ ɛŮ ɚɎɗɞɠ ɢɟɧɜɞ. ȰŰůɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬ ůűɎɚɛŬ əŬɘ 

ɛŮɘɩɜŮŰŬɘ ɖ ŬəɟɑɓŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. ȾɎˊɞɘɞɘ ŭɏəŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɚŮɑɣɞɡɜ ůŮ ɛŮɔɎɚɞ 

ɓŬɗɛɧ ŬɡŰɧ Űɞ ůűɎɚɛŬ ŬɚɚɎ ɔɘŬ əŬɚɨŰŮɟɞ ŬˊɞŰɏɚŮůɛŬ ˊɟɏˊŮɘ ɖ ŮɝɎɚŮɘɣɖ ɜŬ ɔɑɜŮɘ Ŭˊɧ Űɞɜ 

ɢɟɐůŰɖ. ȷɡŰɧ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ ůɐɛŬ ɤɠ  carrier phase multipath 

(ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ) əŬɘ ůŰɞɜ əɩŭɘəŬ ɤɠ code multipath (ůűɎɚɛŬ 

ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ). ɄŬɟɎŭŮɘɔɛŬ ŰɏŰɞɘɞɡ ůűɎɚɛŬŰɞɠ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 2.1 ɧˊɞɡ ɞ 

ŭɏəŰɖɠ ŭɏɢŮŰŬɘ ůɐɛŬ Ŭˊɧ Űɞɜ ŭɞɟɡűɧɟɞ ŬˊŮɡɗŮɑŬɠ ŬɚɚɎ əŬɘ Ŭˊɧ ŬɜɎəɚŬůɖ ůŰɞ ɜŮɟɧ. 

Carrier to Noise density (C/NO): ɀŮ ŬɡŰɧɜ Űɞɜ ɧɟɞ ŮɜɜɞɞɨɛŮ Űɞ ɚɧɔɞ Űɖɠ ɘůɢɨɞɠ Űɞɡ 

ůɐɛŬŰɞɠ ˊɞɡ ŭɏɢŮŰŬɘ ɞ ŭɏəŰɖɠ Ŭˊɧ Űɞɜ ŭɞɟɡűɧɟɞ ˊɟɞɠ Űɖɜ ɘůɢɨ Űɞɡ ůɡɜɞɚɘəɞɨ ɗɞɟɨɓɞɡ. ȼ 

ɘůɢɨɠ Űɞɡ ůɐɛŬŰɞɠ ɛŮŰɟɘɏŰŬɘ ůŮ ɜŰŮůɘɛˊɏɚ (dB). 
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ɳʽˁˈ˄ʰ нΦ 1 Multipath Ŭˊɧ ŬɜɎəɚŬůɖ ůŮ ɜŮɟɧ (http://what-when-how.com/gps/gps-errors-and-

biases-part-1/) 

ũɘŬ ɜŬ ɔɑɜɞɡɜ əŬŰŬɜɞɖŰɏɠ ɞɘ ɏɜɜɞɘŮɠ Űɞɡ əɏɜŰɟɞɡ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ (antenna phase center) 

əŬɘ Űɞɡ ůɖɛŮɑɞɡ ŬɜŬűɞɟɎɠ Űɖɠ əŮɟŬɑŬɠ  (antenna reference point) ŭɖɚŬŭɐ Űɞɡ ůɖɛŮɑɞɡ ˊɞɡ 

ɗŮɤɟŮɑ ɞ ɛŮɚŮŰɖŰɐɠ ɧŰɘ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ůɢɐɛŬ ůŰɖɜ ŮɘəɧɜŬ 2.2. 

 

 

ɳʽˁˈ˄ʰ нΦ 2 ȹɘɎɔɟŬɛɛŬ əŮɟŬɑŬɠ ŭɏəŰɖ  GNSS 

(http://www.trimble.com/OEM_ReceiverHelp/V4.44/en/AntennaPhaseCenters.html) 

 

ɇɞ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ Űɖɠ əŮɟŬɑŬɠ (Antenna Reference Point ɐ ARP) ŮɑɜŬɘ Űɞ əŮɜŰɟɘəɧ ůɖɛŮɑɞ 

ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɞɡ ŭɏəŰɖ, ŭɖɚŬŭɐ Űɞ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɖ ůɨɜŭŮůɖ ůŰɖ ɗɏůɖ ˊɞɡ ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑ ɛŮŰɟɐůŮɘɠ (ˊ.ɢ. ɓɎɗɟɞ, Űɟɘəɧɢɚɘɞ). Ʉɘɞ ˊɎɜɤ Ŭˊɧ ŬɡŰɧ ŮɑɜŬɘ Űɞ ɡɚɘəɧ ůɖɛŮɑɞ 
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Űɖɠ əŮɟŬɑŬɠ ˊɞɡ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ əŬɘ əŬɚŮɑŰŬɘ ɛɖɢŬɜɘəɧ əɏɜŰɟɞ űɎůɖɠ Űɖɠ 

əŮɟŬɑŬɠ (Mechanical Phase Center). ɇŬ ˊɟŬɔɛŬŰɘəɎ əɏɜŰɟŬ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ ɔɘŬ Űɘɠ 

ůɡɢɜɧŰɖŰŮɠ L1 əŬɘ L2 ŮɑɜŬɘ ůɖɛŮɑŬ ɐ ɜɏűɖ ůɖɛŮɑɤɜ ůŰɞ ɢɩɟɞ əŬɘ ůɡɜɐɗɤɠ ˊɎɜɤ Ŭˊɧ Űɞ 

ɛɖɢŬɜɘəɧ əɏɜŰɟɞ űɎůɖɠ.  

ȳŰŬɜ ɔɑɜɞɜŰŬɘ ɛŮŰɟɐůŮɘɠ ɛŮ ŭɏəŰŮɠ GNSS, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟŮɑ ɜŬ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɏɜŬ 

Ŭˊɧ ŰŬ ůɖɛŮɑŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ɜɤɟɑŰŮɟŬ. Ƀ ŭɏəŰɖɠ ɡˊɞɚɞɔɑɕŮɘ Űɘɠ ɛŮŰɟɐůŮɘɠ ůŰɞ ɛɖɢŬɜɘəɧ 

əɏɜŰɟɞ űɎůɖɠ əŬɘ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɔɜɤɟɑɕɞɜŰŬɠ ŰŬ əŬŰɎɚɚɖɚŬ ŭŮŭɞɛɏɜŬ ɜŬ Űɘɠ ɛŮŰŬűɏɟŮɘ 

ůŰɞ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ Űɞɡ ŭɏəŰɖ.  

 

 

2.4 ȸȷŪɀɃɁɃɀȼɆȼ ȾȷȽ ȷɁȷũȾȷȽɃɇȼɇȷ ɇȼɆ ȸȷŪɀɃɁɃɀȼɆȼɆ 
 

ȼ ɓŬɗɛɞɜɧɛɖůɖ ɛɘŬɠ ɔŮɤŭŬɘŰɘəɐɠ əŮɟŬɑŬɠ ɏɢŮɘ ɛŮɔɎɚɖ ůɖɛŬůɑŬ ůŰɖ ˊɞɘɧŰɖŰŬ Űɞɡ 

ŬˊɞŰŮɚɏůɛŬŰɞɠ. ɇɞ Ŭəɟɘɓɏɠ ůɖɛŮɑɞ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ əŬɘ ůɡɜŮˊɩɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɧ. ȾŬŰɎ ůɡɜɏˊŮɘŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɡŰɏɠ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

ˊɞɡ ɏɢɞɡɜ Ŭˊɧəɚɘůɖ Ŭˊɧ Űɞ ŮˊɘɗɡɛɖŰɧ ůɖɛŮɑɞ ŮɘůɎɔŮŰŬɘ ɏɜŬ ůűɎɚɛŬ ůŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ. ɆŮ ŮɟɔŬůɑŮɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɛŮɔɎɚŮɠ ŬəɟɑɓŮɘŮɠ ɖ ɓŬɗɛɞɜɧɛɖůɖ ŬˊɞəŰɎ ɛŮɔɎɚɖ 

ůɖɛŬůɑŬ ɔɘŬŰɑ ˊɟɏˊŮɘ ɜŬ ŮɝŬɚŮɘűɗɞɨɜ ɧůɞ Űɞ ŭɡɜŬŰɧ ˊŮɟɘůůɧŰŮɟŬ ůűɎɚɛŬŰŬ ɩůŰŮ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ Űɞ ɓɏɚŰɘůŰɞ ŬˊɞŰɏɚŮůɛŬ. 

 

2.4.1 ȸȷŪɀɃɁɃɀȼɆȼ ȾȺɅȷȽȷɆ ȹȺȾɇɋɁ GNSS 

ɆŮ ɏɜŬ ŭɏəŰɖ GNSS ɖ əŮɟŬɑŬ ŭɏɢŮŰŬɘ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ ˊɞɡ ŮəˊɏɛˊɞɜŰŬɘ Ŭˊɧ Űɞɡɠ 

ŭɞɟɡűɧɟɞɡɠ, ŭɖɚŬŭɐ Űɞ ůɐɛŬ, əŬɘ Űɞ ɛŮŰŬŰɟɏˊŮɘ ůŮ ɟŮɨɛŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ ɞ 

ŭɏəŰɖɠ. ɇɞ ůɐɛŬ ŮəˊɏɛˊŮŰŬɘ  ůŮ ŭɨɞ ɓŬůɘəɏɠ ůɡɢɜɧŰɖŰŮɠ, Űɖɜ L1 əŬɘ Űɖɜ L2. ɇŬ ůɐɛŬŰŬ ˊɞɡ 

ŭɏɢɞɜŰŬɘ ɞɘ ŭɏəŰŮɠ GNSS ŮɑɜŬɘ ˊɞɚɨ ŬŭɨɜŬɛŬ əŬɘ ɞɡůɘŬůŰɘəɎ Ŭˊɧ ɧɚŮɠ Űɘɠ əŬŰŮɡɗɨɜůŮɘɠ 

ɞˊɧŰŮ ɖ əŮɟŬɑŬ Űɞɡɠ ɏɢŮɘ ŰŮɟɎůŰɘŬ ůɖɛŬůɑŬ. ũɘŬ ɜŬ ŭɏɢŮŰŬɘ ɞ ŭɏəŰɖɠ əŬɚɨŰŮɟŬ Űɞ ůɐɛŬ 

ˊɟɏˊŮɘ əŬŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɖɠ ɗɏůɖɠ ɜŬ űɟɞɜŰɑůŮɘ ɞ ɢɟɐůŰɖɠ ɜŬ ɛɖɜ əŬɚɨˊŰŮŰŬɘ ɞ ɞɟɑɕɞɜŰŬɠ 

Ŭˊɧ ŬɜŰɘəŮɑɛŮɜŬ. ȷɜ ɞ ŭɏəŰɖɠ ɓɟɑůəŮŰŬɘ əɞɜŰɎ ůŮ əŰɐɟɘŬ ɐ ŬɜŰɘəŮɑɛŮɜŬ ŰɧŰŮ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗɞɨɜ ůűɎɚɛŬŰŬ ˊɞɚɡŬɜɎəɚŬůɖɠ. Ⱥˊɘˊɚɏɞɜ, ŰɏŰɞɘŬ ůűɎɚɛŬŰŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əŬɘ 

Ŭˊɧ Űɞ ɏŭŬűɞɠ. ȳŰŬɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ɖ ŮˊɑŰŮɡɝɖ ŬəɟɑɓŮɘŬɠ ŮəŬŰɞůŰɞɨ əŬɘ ɚɘɔɧŰŮɟɞ ŰɧŰŮ 

ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ ŰŬ ůűɎɚɛŬŰŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əŬɘ ɜŬ ɡˊɎɟɢŮɘ ɛɘŬ əŬɚɐ 

ŮɘəɧɜŬ ɔɘŬ Űɞ əɏɜŰɟɞ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ. ɀŮ ůəɞˊɧ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ˊɞɚɡŬɜɎəɚŬůɖɠ 

əɎˊɞɘɞɘ ŭɏəŰŮɠ ɏɢɞɡɜ Űɖ əŮɟŬɑŬ Űɞɡɠ ůŮ ɛɑŬ ŭɘɎŰŬɝɖ Ŭˊɧ ůˊŮɘɟɞŮɘŭɐɠ ŭŬəŰɡɚɑɞɡɠ (choke 

ring). 

  

ȼ ɓŬɗɛɞɜɧɛɖůɖ əŮɟŬɑŬɠ ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ ůɖɛŮɑɞ ˊɞɡ 

ɔɑɜŮŰŬɘ ɖ ɚɐɣɖ Űɞɡ ůɐɛŬŰɞɠ ůŮ ɏɜŬ ŭɏəŰɖ GNSS. ɇɞ ůɖɛŮɑɞ ˊɞɡ ɔɑɜŮŰŬɘ ɖ ɚɐɣɖ Ŭˊɧ Űɖɜ 

əŮɟŬɑŬ ŭŮɜ ŮɑɜŬɘ ɛŮŰɟɐůɘɛɞ ɛŮ űɡůɘəɧ Űɟɧˊɞ ŭɘɧŰɘ ŬɚɚɎɕŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ Űɤɜ 

ŭɞɟɡűɧɟɤɜ əŬɘ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɞɡ ŭɞɟɡűɞɟɘəɞɨ ůɐɛŬŰɞɠ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ. Ⱥˊɞɛɏɜɤɠ, 

ɛˊɞɟɞɨɜ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɢɎɟŰŮɠ  ŭɘɧɟɗɤůɖɠ ɔɘŬ Űɖɜ əŬɗɡůŰɏɟɖůɖ Űɞɡ ůɐɛŬŰɞɠ ˊɞɡ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɗɏůɖ Űɞɡ ŭɞɟɡűɧɟɞɡ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ. 
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ȼ ɓŬɗɛɞɜɧɛɖůɖ ŬɜŬűɏɟŮŰŬɘ ůɡɜɐɗɤɠ ůŰɞ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ Űɖɠ əŮɟŬɑŬɠ (ARP). ȷɡŰɧ ŮɑɜŬɘ 

Űɞ űɡůɘəɧ ůɖɛŮɑɞ Űɖɠ əŮɟŬɑŬɠ ůŰɞ ɞˊɞɑɞ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ Űɘɛɏɠ ɓŬɗɛɞɜɧɛɖůɖɠ Űɖɠ əŮɟŬɑŬɠ. 

ɇɞ ARP ŮɑɜŬɘ əŬŰɎ ˊɟɞŰɑɛɖůɖ ɏɜŬ ŮɨəɞɚŬ ˊɟɞůˊŮɚɎůɘɛɞ ůɖɛŮɑɞ ůŰɖ ɢŬɛɖɚɧŰŮɟɖ ɛɖ 

ŬűŬɘɟɞɨɛŮɜɖ ɞɟɘɕɧɜŰɘŬ ŮˊɘűɎɜŮɘŬ Űɖɠ əŮɟŬɑŬɠ. Ɇɡɜɐɗɤɠ Űɞ ARP (ɓɚ. ŮɘəɧɜŬ 2.3) ůɡɛˊɑˊŰŮɘ 

ɛŮ Űɞɜ ɎɝɞɜŬ ˊɟɞůɎɟŰɖůɖɠ Űɖɠ əŮɟŬɑŬɠ ůŮ ɏɜŬ ŰɟɑˊɞŭŬ ɐ ůŮ ɓɎůɖ əɏɜŰɟɤůɖɠ. Ⱥˊɑůɖɠ ɏɜŬ 

Ɏɚɚɞ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɖɛŮɑɞ Űɖɠ əŮɟŬɑŬɠ ŬˊɞŰŮɚŮɑ Űɞ ɓɧɟŮɘɞ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ (NRP). ȷɡŰɧ 

Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ űɡůɘəɐɠ əŮɟŬɑŬɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞ ˊɟɞɠ Űɞɜ Ŭɚɖɗɘɜɧ 

ɓɞɟɟɎ. Ƀɘ Űɘɛɏɠ ɓŬɗɛɞɜɧɛɖůɖɠ ɛɘŬɠ əŮɟŬɑŬɠ ɡˊɞɗɏŰɞɡɜ ɧŰɘ Űɞ NRP ŮɑɜŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞ 

ůɤůŰɎ ůŰɞɜ Ŭɚɖɗɘɜɧ ɓɞɟɟɎ. 

 

ȳŰŬɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɏɠ ˊɞɚɨ əŬɚɏɠ ŬəɟɑɓŮɘŮɠ ɛŮŰɟɐůŮɤɜ, ŭɖɚŬŭɐ ɛɏɢɟɘ əŬɘ ɢɘɚɘɞůŰɧ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɧ Űɞ Ŭəɟɘɓɏɠ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ ɖ əŮɟŬɑŬ ŭɖɚŬŭɐ 

Űɞ əɏɜŰɟɞ űɎůɖɠ Űɖɠ (phase center). ȷɡŰɧɠ ŮɑɜŬɘ ɞ ɚɧɔɞɠ ˊɞɡ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɖ 

ɓŬɗɛɞɜɧɛɖůɖ ɔŮɤŭŬɘŰɘəɩɜ əŮɟŬɘɩɜ ɏɢŮɘ ɔɑɜŮɘ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ Ŭˊɧ ˊɞɚɚɞɨɠ. ɆŰɞ ůɢɐɛŬ 

ˊɞɡ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 2.3 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛɘŬɠ əŮɟŬɑŬɠ Űɞɡ ŭɏəŰɖ Ůɜɧɠ ŭɞɟɡűɧɟɞɡ GPS. 

 

 

ɳʽˁˈ˄ʰ нΦ 3 ɀɞɜŰɏɚɞ ůŰɞɘɢŮɑɤɜ Űɖɠ əŮɟŬɑŬɠ 

(https://www.sciencedirect.com/science/article/pii/S100093611630111X) 

 

ɄɞɚɚɎ ŭɘŮɗɜɐ əɏɜŰɟŬ ŭɘŬɢŮɑɟɘůɖɠ ŭɘəŰɨɤɜ GNSS, ɧˊɤɠ ɖ UNAVCO (http://kb.unavco.org), 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ɛŮɚɏŰŮɠ ɔɘŬ Űɖɜ ɓŬɗɛɞɜɧɛɖůɖ əŮɟŬɘɩɜ. ȺɜŭŮɘəŰɘəɎ ůŰɘɠ ŮɘəɧɜŮɠ 2.4  

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖɜ ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ əŮɟŬɘɩɜ Dorne Margolin (ˊɞɡ 

ɗŮɤɟŮɑŰŬɘ ˊɟɧŰɡˊɞ ɤɠ əŮɟŬɑŬ ŬɜŬűɞɟɎɠ), əŬɘ Űɤɜ əŮɟŬɘɩɜ Zephyr Geodetic (ˊŬɟɧɛɞɘŬ ɛŮ 

Űɖɜ əŮɟŬɑŬ Űɖɠ Trimble 5800 ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ) ɔɘŬ Űɘɠ ŭɨɞ 

ůɡɢɜɧŰɖŰŮɠ L1 əŬɘ L2 (http://kb.unavco.org/kb/category/gnss-and-related-equipment/gnss-

antennas).  

 

http://kb.unavco.org/
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ɳʽˁˈ˄ʰ нΦ 4  hȾɏɜŰɟɞ űɎůɖɠ Dorne Margolin  ɔɘŬ Űɖɜ L1 

 

 

ɳʽˁˈ˄ʰ нΦ пʲ ȾɏɜŰɟɞ űɎůɖɠDorne Margolin  ɔɘŬ Űɖɜ L2 
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ɳʽˁˈ˄ʰ нΦ пʴ ȾɏɜŰɟɞ űɎůɖɠ Zephyr Geodetic ɔɘŬ Űɖɜ L1 

 

 

ɳʽˁˈ˄ʰ нΦ пʵ ȾɏɜŰɟɞ űɎůɖɠ Zephyr Geodetic  ɔɘŬ Űɖɜ L2 
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ȼ ɓŬɗɛɞɜɧɛɖůɖ əŮɟŬɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ ɜŬ ɏɢɞɡɛŮ əŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ ůŰɘɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ůɖɛŮɑɞɡ ˊɞɡ ɔɑɜŮŰŬɘ ɖ ɛɏŰɟɖůɖ. ȼ ɓŮɚŰɑɤůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ Űɘɛɏɠ ˊɞɡ ɓɟɑůəɞɡɛŮ Ŭˊɧ Űɖ ɓŬɗɛɞɜɧɛɖůɖ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ɛŮŰɟɐůŮɤɜ. ȷɜ ŭŮɜ ɔɑɜŮɘ ŬɡŰɧ ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ůűɎɚɛŬŰŬ ůŮ ŮˊɑˊŮŭɞ 

ŮəŬŰɞůŰɞɨ. 

 

2.4.2 ɇɈɄɃȽ ȸȷŪɀɃɁɃɀȼɆȼɆ  

ɈˊɎɟɢɞɡɜ ŭɨɞ ɛɏɗɞŭɞɘ ɓŬɗɛɞɜɧɛɖůɖɠ, ɖ ůɢŮŰɘəɐ (relative calibration) əŬɘ ɖ ŬˊɧɚɡŰɖ 

(absolute calibration) ɓŬɗɛɞɜɧɛɖůɖ.  

ɆɢŮŰɘəɐ ȸŬɗɛɞɜɧɛɖůɖ: 

ɆŮ ŬɡŰɐɜ ɞɘ ŬˊɞəɚɑůŮɘɠ Űɖɠ əŮɟŬɑŬɠ (PCO) əŬɘ ɞɘ ɛŮŰŬɓɞɚɏɠ Űɞɡ əɏɜŰɟɞɡ űɎůɖɠ (PCV) 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɏɢɞɜŰŬɠ ɤɠ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ ɛɘŬ Ɏɚɚɖ əŮɟŬɑŬ ůŰɖɜ ɞˊɞɑŬ ɗɏŰɞɜŰŬɘ ɛɖŭŮɜɘəɏɠ 

ɞɘ ɛŮŰŬɓɞɚɏɠ Űɞɡ əɏɜŰɟɞɡ űɎůɖɠ (PCV). ɃˊɧŰŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɢŮŰɘəɐɠ 

ɓŬɗɛɞɜɧɛɖůɖɠ ŮˊɖɟŮɎɕɞɜŰŬɘ əŬɘ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɖɠ əŮɟŬɑŬɠ ŬɜŬűɞɟɎɠ. 

ũɘŬ Űɘɠ ůɢŮŰɘəɏɠ ɓŬɗɛɞɜɞɛɐůŮɘɠ, ŰŬ ˊŮɟɘůůɧŰŮɟŬ ŭɘŮɗɜɐ əɏɜŰɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɤɠ əŮɟŬɑŬ 

ŬɜŬűɞɟɎɠ Űɖɜ əŮɟŬɑŬ ŭŬəŰɡɚɑɞɡ Choke Ring Dorne Margolin, Űɨˊɞɡ T (AOAD/ M T 

NONE). ɆɡɜŮˊɩɠ, ɖ ůɢŮŰɘəɐ ɓŬɗɛɞɜɧɛɖůɖ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ əŬɗɡůŰɏɟɖůɖ űɎůɖɠ ˊɞɡ 

ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ Űɖɜ əŮɟŬɑŬ ŬɜŬűɞɟɎɠ (ŮɘəɧɜŬ 2.5). 

 

 

 

ɳʽˁˈ˄ʰ нΦ 5  hũŮɤŭŬɘŰɘəɐ əŮɟŬɑŬ ŭŬəŰɡɚɑɞɡ Choke Ring ɛŮ Űɨˊɞ Dorne Margolin 

 

ɆŰɖɜ NGS ɖ ɛɏɗɞŭɞɠ Űɖɠ ůɢŮŰɘəɐɠ ɓŬɗɛɞɜɧɛɖůɖɠ ŭɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.4ɓ əŬŰɎ Űɖɜ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ əŮɟŬɑŬ JPL D/M+crT ɤɠ ŬɜŬűɞɟɎ. Ƀɘ əŮɟŬɑŮɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ 

ŬˊɧůŰŬůɖ 5m ˊŮɟɑˊɞɡ Ůɜɩ ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢŮɘ ɡɣɞɛŮŰɟɘəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɞɡɠ. ȾŬɘ ɞɘ ŭɨɞ 

əŮɟŬɑŮɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɏɜŬ ŭɏəŰɖ (Ashtech Z-12) ɞ ɞˊɞɑɞɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɢɟɞɜɧɛŮŰɟɞ 

ɟɞɡɓɘŭɑɞɡ (Rubidium oscillator) ɤɠ ŮɝɤŰŮɟɘəɧ ˊɟɧŰɡˊɞ ɢɟɧɜɞɡ (Mader 1999) 
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ɳʽˁˈ˄ʰ нΦ рʲ ɀŮɗɞŭɞɚɞɔɑŬ ůɢŮŰɘəɐɠ ɓŬɗɛɞɜɧɛɖůɖɠ ůŰɖɜ NGS (Mader 1999) 

 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŮɑɜŬɘ ɞ ɘ́ɞ ůɡɜɖɗɘůɛɏɜɞɠ Űɨˊɞɠ ɓŬɗɛɞɜɧɛɖůɖɠ əŬɘ ɞ ŮɡəɞɚɧŰŮɟɞɠ ůŰɖɜ 

ŮűŬɟɛɞɔɐ Űɞɡ, ůŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ůɢŮŰɘəɐ ɓŬɗɛɞɜɧɛɖůɖ ˊŮŭɑɞɡ. ȾŬŰɎ 

Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɖɜ ˊŬɟɎɛŮŰɟɞ PCV Űɖɠ əŮɟŬɑŬɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɑɜŬɘ 

ůɢŮŰɘəɎ ɤɠ ˊɟɞɠ ɛɘŬ əŮɟŬɑŬ ŬɜŬűɞɟɎɠ ůŰɖɜ ɞˊŬɑŬ ɖ ˊŬɟɎɛŮŰɟɞɠ PCV ŬɡŰɐɠ Űɖɠ əŮɟŬɑŬɠ 

ŰɑɗŮŰŬɘ ůŰɞ ɛɖŭɏɜ. ȼ Űɡˊɘəɐ əŮɟŬɑŬ ŬɜŬűɞɟɎɠ ɔɘŬ Űɖ ůɢŮŰɘəɐ ɓŬɗɛɞɜɧɛɖůɖ ˊŮŭɑɞɡ ŮɑɜŬɘ ɖ 

əŮɟŬɑŬ ŭŬəŰɡɚɑɞɡ AOAD / M T (ˊ.ɢ. IGS / NGS). ɆŰɖɜ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ əŮɟŬɑŬ 

ŬɜŬűɞɟɎɠ ɖ əŮɟŬɑŬ Űɞɡ ŭɏəŰɖ Trimble (Űɖɠ ɞˊɞɑŬɠ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɘ ˊŬɟɎɛŮŰɟɞɘ 

ɓŬɗɛɞɜɧɛɖůɖɠ Ŭˊɧ Űɖɜ NGS). 

 

ȷˊɧɚɡŰɖ ȸŬɗɛɞɜɧɛɖůɖ: 

ɆŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ ɛɖɢɎɜɖɛŬ (ɐ ɟɞɛˊɧŰ) ˊɞɡ ɛŮŰŬəɘɜŮɑ Űɖɜ əŮɟŬɑŬ ɏŰůɘ 

ɩůŰŮ ɜŬ ɚŬɛɓɎɜŮɘ ůɐɛŬ Ŭˊɧ Űɞɜ ŭɞɟɡűɧɟɞ əŬɘ Űɖɜ əŮɟŬɑŬ ŬɜŬűɞɟɎɠ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ɔɤɜɑŮɠ 

ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 2.6(Ŭ). ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŬɜŬɘɟɞɨɜŰŬɘ ŰŬ ůűɎɚɛŬŰŬ ˊɞɡ 

ŮɘůɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ əŮɟŬɑŬ ŬɜŬűɞɟɎɠ  əŬɘ ɛɏɜɞɡɜ ɛɧɜɞ ɞɘ Űɘɛɏɠ Űɘɠ ɓŬɗɛɞɜɧɛɖůɖɠ (PCV, 

PCO). 

 

               

ɳʽˁˈ˄ʰ нΦ 6 (Ŭ)ɇɡˊɘəɧ ɟɞɛˊɧŰ ŬˊɧɚɡŰɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ (ɓ) ɜŮŬ ɛɏɗɞŭɞɠ ɓŬɗɞɜɧɛɖůɖɠ               
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2.4.3 ȹȽȺŪɁȼ ȾȺɁɇɅȷ ȸȷŪɀɃɁɃɀȼɆȼɆ 

ȺɟɔŬůɑŮɠ ɓŬɗɛɞɜɧɛɖůɖɠ ɔɑɜɞɜŰŬɘ ůŮ əɏɜŰɟŬ ɏɟŮɡɜŬɠ ɐ ůŮ ˊŬɜŮˊɘůŰɐɛɘŬ ůŰɞ ŮɝɤŰŮɟɘəɧ. ɆŰɞ 

ŰɛɐɛŬ  National Geodetic Survey (NGS) Űɞɡ NOAA (National Oceanic and Amospheric 

Administration) Űɖɠ ȷɛŮɟɘəɐɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮɟɔŬůɑŮɠ ɓŬɗɛɞɜɧɛɖůɖɠ ɔŮɤŭŬɘŰɘəɩɜ 

əŮɟŬɘɩɜ (https://www.ngs.noaa.gov/ANTCAL/). 

ɆɡɔəŮəɟɘɛɏɜŬ, ˊŬɟɎɔɞɜŰŬɘ Űɘɛɏɠ ɓŬɗɛɞɜɧɛɖůɖɠ Ŭˊɧ Űɖɜ NGS Ŭˊɧ ůɡɜŭɡŬůɛɧ ŬˊɧɚɡŰɤɜ 

ɓŬɗɛɞɜɞɛɐůŮɤɜ Űɖɠ IGS (International GNSS Service) əŬɘ ůɢŮŰɘəɩɜ ɓŬɗɛɞɜɞɛɐůŮɤɜ NGS. 

ɇɞ NGS ɚŬɛɓɎɜŮɘ Űɞ ˊɘɞ ˊɟɧůűŬŰɞ ŭɖɛɞůɘŮɡɛɏɜɞ ŬɟɢŮɑɞ Ŭˊɧ Űɖɜ IGS (ANTEX) əŬɘ 

ŮɜůɤɛŬŰɩɜŮɘ ɧɚŮɠ Űɘɠ əŮɟŬɑŮɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ŬɡŰɧ Űɞ ŬɟɢŮɑɞ. 

ɆŰɘɠ 29 ȽŬɜɞɡŬɟɑɞɡ 2017, Űɞ IGS ŭɖɛɞůɑŮɡůŮ ɏɜŬ ɜɏɞ ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ ɔɘŬ Űɖɜ 

ɓŬɗɛɞɜɧɛɖůɖ Űɤɜ ɔŮɤŭŬɘŰɘəɩɜ əŮɟŬɘɩɜ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ IGS14. ȺɜůɤɛɎŰɤůŮ ŬɡŰɏɠ Űɘɠ 

ŬɚɚŬɔɏɠ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ Űɖɠ əŬɘ ɏŰůɘ ŮɜɖɛŮɟɩɗɖəŬɜ ɞɘ ŬˊɧɚɡŰŮɠ Űɘɛɏɠ ɓŬɗɛɞɜɧɛɖůɖɠ 

ɔɘŬ ˊɞɚɚɞɨɠ ŭɞɟɡűɧɟɞɡɠ GNSS əŬɘ əŮɟŬɑŮɠ ŭɏəŰɖ ɓɎůŮɘ Űɞɡ ɜɏɞɡ ˊɚŬɑůɘɞɡ IGS14. ȼ 

ŬˊɧɚɡŰɖ Űɘɛɐ ɓŬɗɛɞɜɧɛɖůɖɠ ɔɘŬ Űɖɜ əŮɟŬɑŬ AOAD / M T ŮɜɖɛŮɟɩɗɖəŮ Ůˊɑůɖɠ ɓɎůŮɘ Űɞɡ 

IGS14. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ŬɡŰɐ ɖ əŮɟŬɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɛŮŰŬŰɟɞˊɐ Űɤɜ ůɢŮŰɘəɩɜ 

ɓŬɗɛɞɜɞɛɐůŮɤɜ NGS ůŮ ŬˊɧɚɡŰɖ Űɘɛɐ, ɞɘ Űɘɛɏɠ ɔɘŬ ɧɚŮɠ Űɘɠ ɓŬɗɛɞɚɞɔɑŮɠ ñůŮ ŬˊɧɚɡŰɖñ 

ɓŬɗɛɞɚɞɔɑŬ ɎɚɚŬɝŬɜ Ůˊɑůɖɠ. ɆɡɜɞɚɘəɎ ɞɘ ɓŬɗɛɞɜɞɛɐůŮɘɠ ɔɘŬ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 450 əŮɟŬɑŮɠ 

ŭɏəŰɖ ɎɚɚŬɝŬɜ Űɞ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2017 əŬɘ ɓɟɑůəɞɜŰŬɘ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ  NGS. 

 

 

2.5  ȸȽȸȿȽɃũɅȷūȽȾȼ ȺɄȽɆȾɃɄȼɆȼ 
 

ȷűɞɨ ɏɢŮɘ ɔɑɜŮɘ ɚɧɔɞɠ ɔɘŬ Űɖ ůɖɛŬůɑŬ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ əŮɟŬɑŬɠ əŬɘ ˊɤɠ ŮˊɖɟŮɎɕɞɡɜ 

ŰŬ ůűɎɚɛŬŰŬ ˊɞɡ ɡˊɎɟɢɞɡɜ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɞɨŰɤɠ ɐ Ɏɚɚɤɠ ŬŭɨɜŬŰɞ ɜŬ ŬˊŬɚŮɘűŰɞɨɜ 

ŮɜŰŮɚɩɠ, űŬɑɜŮŰŬɘ ɖ ŬɜɎɔəɖ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɚŮɔɢɞɠ Űɖɠ ɘəŬɜɧŰɖŰŬɠ əŬɘ Űɖɠ ŬəɟɑɓŮɘŬɠ 

ɛŮŰɟɐůŮɤɜ Űɖɠ əŮɟŬɑŬɠ əŬɘ Űɞɡ ŭɏəŰɖ. ȺɘŭɘəɎ ŰɩɟŬ ˊɞɡ ɖ ɢɟɐůɖ űŰɖɜɧŰŮɟɤɜ ŭŮəŰɩɜ GNSS 

ɢŬɛɖɚɧŰŮɟɖɠ ŬəɟɑɓŮɘŬɠ ɏɢŮɘ ŭɘŬŭɞɗŮɑ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ ŬɡŰɩɜ əŬɗɩɠ əŬɘ 

ůɨɔəɟɘůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ ŬɡŰɩɜ ɛŮ ŭɏəŰŮɠ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ.  

 

ȰɚŮɔɢɞ əŬɘ Ŭɝɘɞɚɧɔɖůɖ ŭŮəŰɩɜ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ ɞ Takasu (2008), ɞ 

ɞˊɞɑɞɠ ůŰɖɜ Ůɜ ɚɧɔɤ Ŭɝɘɞɚɧɔɖůɖ ˊɟɞůˊɎɗɖůŮ ɜŬ ŮɚɏɔɝŮɘ Ŭɜ ŰɏŰɞɘɞɘ ŭɏəŰŮɠ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ RTK (Real Time Kinematic) ŮűŬɟɛɞɔɏɠ ɛŮ əŬɚɐ ŬəɟɑɓŮɘŬ. ɆŮ ŬɡŰɐ Űɖɜ 

ɏɟŮɡɜŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬɠ ŭɏəŰɖɠ ɛɑŬɠ ůɡɢɜɧŰɖŰŬɠ ůŰɞɜ ɞˊɞɑɞ ɐɗŮɚŮ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ Űɞɜ ɏɚŮɔɢɞ əŬɘ ɏɜŬɠ ŭɏəŰɖɠ ŭɨɞ ůɡɢɜɞŰɐŰɤɜ ɞ ɞˊɞɑɞɠ ɐŰŬɜ ŭɏəŰɖɠ 

ŬɜŬűɞɟɎɠ. ȷɡŰɞɑ ůŰɐɗɖəŬɜ ůŮ ŬˊɧůŰŬůɖ 1m ɞ ɏɜŬɠ Ŭˊɧ Űɞɜ Ɏɚɚɞ əŬɘ ˊɟŬɔɛŬŰɞˊɞɑɖůŬɜ 

ɛŮŰɟɐůŮɘɠ ɔɘŬ ɏɜŬ ŮɘəɞůɘŰŮŰɟɎɤɟɞ ɞɘ ɞˊɞɑŮɠ əŬŰŬɔɟɎűɖəŬɜ ůŮ ɏɜŬ ɡˊɞɚɞɔɘůŰɐ. ũɘŬ ɜŬ əɎɜŮɘ 

Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ɢɟɖůɘɛɞˊɞɑɖůŮ ɏɜŬ ɚɞɔɘůɛɘəɧ ˊɞɡ ŭɖɛɘɞɨɟɔɖůŮ ɞ ɑŭɘɞɠ Űɞ 

ANTTOOL. ũɘŬ ɜŬ ůɡɔəɟɑɜŮɘ ˊɞɘəɘɚɑŬ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɐɟŮ ɛŮŰɟɐůŮɘɠ Ŭˊɧ Űɞɜ ɑŭɘɞ ŭɏəŰɖ ɛŮ 

ŭɘɎűɞɟŮɠ əŮɟŬɑŮɠ ŬɚɚɎ Ůˊɑůɖɠ ɢɟɖůɘɛɞˊɞɑɖůŮ əŬɘ Űɖɜ ɑŭɘŬ əŮɟŬɑŬ ɛŮ ŭɘɎűɞɟɞɡɠ ŭɏəŰŮɠ. ɆŰɖ 

ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŮ Űɞ ɚɞɔɘůɛɘəɧ Űɞɡ Takasu (2008). 

 

https://www.ngs.noaa.gov/ANTCAL/
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ȰɟŮɡɜŬ  ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŭŮəŰɩɜ GNSS ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ˊɟŬɔɛŬŰɞˊɞɑɖůŮ əŬɘ ɞ Gebre-

Egziabher (2018). ɆŰɖɜ ɏɟŮɡɜɎ Űɞɡ ŮˊɏɚŮɝŮ 5 ŭɏəŰŮɠ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɓɟŮɘ 

əɎˊɞɘɞɠ ŮɨəɞɚŬ ɔɘŬ ŬɔɞɟɎ. ȺəŰɧɠ Ŭˊɧ ŬɡŰɞɨɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬɘ ɏɜŬɠ ŭɏəŰɖɠ ɛŮŰɟɑɤɜ 

ŭɡɜŬŰɞŰɐŰɤɜ (ŭɖɚŬŭɐ əŬɚɐ ŬəɟɑɓŮɘŬ ŬɚɚɎ ɧɢɘ ɡɣɖɚɐɠ ŬəɟɘɓŮɑŬɠ) ɞ Hemisphere Eclipse 

P307 əŬɘ ɏɜŬɠ ŭɏəŰɖɠ ˊɞɚɨ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ ɞ Navcom SF-3050, ɛŮ Űɞɜ ɞˊɞɑɞ ɗŬ 

ůɡɔəɟɘɗɞɨɜ ɞɘ ŭɏəŰŮɠ ˊɞɡ ŮɑɜŬɘ ɔɘŬ ɏɚŮɔɢɞ. ũɘŬ ɜŬ ɔɑɜŮɘ ɞ ɏɚŮɔɢɞɠ ŭɘɎɚŮɝŮ ŭɨɞ əŮɟŬɑŮɠ, ɛɘŬ 

əŬɚɐɠ ŬəɟɑɓŮɘŬɠ (Navcon ANT-3001R) əŬɘ ɛɘŬ ɛɘəɟɧŰŮɟɖɠ ŬəɟɑɓŮɘŬɠ (ANN-MS ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ɛɑŬɠ ůɡɢɜɧŰɖŰŬɠ). ũɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ůɨɜŭŮůŮ 

ɧɚɞɡɠ Űɞɡɠ ŭɏəŰŮɠ ɛŮ ɛɑŬ əŮɟŬɑŬ əŬɘ ůɡɜŭɏɗɖəŬɜ əŬɘ ůŮ ɡˊɞɚɞɔɘůŰɐ ˊɞɡ ŮɑɢŮ ɏɜŬ ɚɞɔɘůɛɘəɧ 

ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ ɛŮŰɟɐůŮɤɜ. ɄɟŬɔɛŬŰɞˊɞɑɖůŮ ɏɚŮɔɢɞ əŬɘ ɛŮ ůŰŬŰɘəɧ ŮɜŰɞˊɘůɛɧ ŬɚɚɎ 

əŬɘ ɛŮ əɘɜɖɛŬŰɘəɧ ŮɜŰɞˊɘůɛɧ (ŬɡŰɞəɑɜɖŰɞ Ůɜ əɘɜɐůŮɘ). ũɘŬ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɛŮ 

ůŰŬŰɘəɧ ŮɜŰɞˊɘůɛɧ ŮˊɘɚɏɢŰɖəŬɜ ŰɟŮɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ŭɘŬűɞɟŮŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɏɔɘɜŬɜ 

ɛŮŰɟɐůŮɘɠ əŬɘ ůŰɘɠ ŰɟŮɘɠ. ũɘŬ ɏɚŮɔɢɞ ůŮ ŬɡŰɞəɑɜɖŰɞ ˊɞɡ əɘɜŮɑŰŬɘ ŮˊɘɚɏɢɗɖəŬɜ ˊɎɚɘ ŰɟŮɘɠ 

ŭɘŬŭɟɞɛɏɠ ɛŮ ŰŬ ɑŭɘŬ əɟɘŰɐɟɘŬ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɞɘ ŰɟŮɘɠ ˊŮɟɘɞɢɏɠ ˊɟɞɖɔɞɡɛɏɜɤɠ. 

 

ȰɜŬɠ ŬəɧɛŬ ŮɟŮɡɜɖŰɐɠ ˊɞɡ ŬůɢɞɚɐɗɖəŮ ɛŮ ɗɏɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖ ɓŬɗɛɞɜɧɛɖůɖ əŮɟŬɘɩɜ 

ŮɑɜŬɘ ɞ Dawidowicz (2010). ȷɡŰɧɠ ˊɟɞůˊɎɗɖůŮ ɜŬ əɎɜŮɘ ŭɘɞɟɗɩůŮɘɠ ůŰɞ PCV ɛŮŰɟɐůŮɤɜ 

GPS. ũɘŬ ɜŬ Űɞ ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ ŬɡŰɧ ŭɖɛɘɞɨɟɔɖůŮ ɏɜŬ ˊɟɧɔɟŬɛɛŬ ůŰɖ MATLAB  ˊɞɡ 

əɎɜŮɘ ŭɘɞɟɗɩůŮɘɠ ůŰɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ əɩŭɘəŬ əŬɘ űɎůɖɠ Ŭˊɧ ŰŬ ŬɟɢŮɑŬ ˊŬɟŬŰɖɟɐůŮɤɜ 

RINEX. ɇɞ ˊɟɧɔɟŬɛɛŬ ŬɡŰɧ ɚɞɘˊɧɜ ɢɟɖůɘɛɞˊɞɘŮɑ ŰŬ ŬɟɢŮɑŬ RINEX Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ əŬɘ 

ANTEX (ɏɜŬ ŬɟɢŮɑɞ ˊɞɡ ɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ əŮɟŬɑŬɠ) Űɖɠ əŮɟŬɑŬɠ əŬɘ 

ɓɟɑůəŮɘ ŬɟɢɘəɎ Űɘɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ŭɞɟɡűɧɟɤɜ əŬɘ ɏˊŮɘŰŬ Űɖ ɔɤɜɑŬ ɨɣɞɡɠ əŬɘ Űɞ 

Ŭɕɘɛɞɨɗɘɞ. ȷˊɧ ŬɡŰɎ ɡˊɞɚɞɔɑɕŮɘ ůŰɖ ůɡɜɏɢŮɘŬ Űɘɠ ŭɘɞɟɗɩůŮɘɠ ɔɘŬ Űɞ PCV Űɖɠ əŮɟŬɑŬɠ. ȷɡŰɐ 

ɖ ŭɘŬŭɘəŬůɑŬ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 2.7. ũɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ɏɔɘɜŬɜ ɩůŰŮ ɜŬ ŭɞəɘɛŬůŰŮɑ 

ŬɡŰɐ ɖ ɛɏɗɞŭɞɠ, ŰɞˊɞɗŮŰɐɗɖəŬɜ ŭɏəŰŮɠ GNSS ůŮ ŰɏůůŮɟŬ ůɖɛŮɑŬ ˊɞɡ ŮɑɢŬɜ ŬˊɧůŰŬůɖ 

ɛŮŰŬɝɨ Űɞɡɠ əɎˊɞɘŬ ɢɘɚɘɧɛŮŰɟŬ (ˊɎɜɤ Ŭˊɧ 20 km).  

 

 

ɳʽˁˈ˄ʰ нΦ 7 ȹɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ŭɘɞɟɗɩůŮɤɜ Dawidowicz (2010) 
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ȾŮűɎɚŬɘɞ 3 - ȿɞɔɘůɛɘəɎ 
 

3.1 ȺȽɆȷũɋũȼ 
 

ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɏɔɘɜŮ ɛŮ ɢɟɐůɖ Űɤɜ ɚɞɔɘůɛɘəɩɜ RTKLIB əŬɘ ANTTOOL. ɆŮ 

ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɗŬ ɔɑɜŮɘ ˊŮɟɘɔɟŬűɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ŬɡŰɩɜ Űɤɜ ɚɞɔɘůɛɘəɩɜ, ŭɖɚŬŭɐ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ, Űɘ ɛˊɞɟɞɨɜ ɜŬ ŭɩůɞɡɜ əŬɗɩɠ əŬɘ ˊɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ. 

 

 

3.2 ȿɃũȽɆɀȽȾɃ RTKLIB  
 

RTKLIB: 

ɇɞ RTKLIB ŮɑɜŬɘ ɏɜŬ ŮɚŮɨɗŮɟɞ ˊɟɧɔɟŬɛɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

ŭŮŭɞɛɏɜɤɜ ůŰɞ ůɨůŰɖɛŬ GNSS əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɞɜ Tomoji Takasu(2008). ȼ 

ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ ɖ c++ əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŮ 

ɚɞɔɘůɛɘəɧ windows 7 ŬɚɚɎ ɚŮɘŰɞɡɟɔŮɑ əŬɘ ůŮ ɎɚɚŬ ˊ.ɢ. linux. ȷɡŰɧ Űɞ ɚɞɔɘůɛɘəɧ ŮɑɜŬɘ ɛɘŬ 

ɓɘɓɚɘɞɗɐəɖ ŮűŬɟɛɞɔɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ɗɏůɖɠ ůŮ ˊɟŬɔɛŬŰɘəɧ 

ɢɟɧɜɞ, ŭɖɚŬŭɐ Űɖɜ ɩɟŬ ˊɞɡ ɔɑɜɞɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ, ŬɚɚɎ əŬɘ ůŰɖɜ Ůə Űɤɜ ɡůŰɏɟɤɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ Űɞ RTKLIB ɛˊɞɟŮɑ ɜŬ ŭŮɢŰŮɑ 

ŭŮŭɞɛɏɜŬ Ŭˊɧ ŭɘɎűɞɟŬ ůɡůŰɐɛŬŰŬ ŮɜŰɞˊɘůɛɞɨ, ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ GPS (Global Positioning 

System), GLONASS (Global Navigation Satellite System), Galileo, QZSS (Quasi-Zenith 

Satellite System), SBAS (Satellite-Based Augmentation System). ȼ Űɡˊɞˊɞɑɖůɖ Űɤɜ ŬɟɢŮɑɤɜ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůŮ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ, RINEX (Receiver Independent Exchange Format), 

ANTEX (Antenna Exchange Format), RTCM (Radio Technical Commission for Maritime 

Services)  əŬɘ ɎɚɚŮɠ. ȼ ɏəŭɞůɖ Űɞɡ RTKLIB ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ ɖ 2.4.2. ɇɞ 

ɚɞɔɘůɛɘəɧ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ŬˊɞəŰɖɗŮɑ əŬŰŮɓɎɕɞɜŰŬɠ Űɞ ůŰɞɜ ɡˊɞɚɞɔɘůŰɐ Űɞɡ ŮɜŭɘŬűŮɟɧɛŮɜɞɡ 

Ŭˊɧ Űɖɜ ɘůŰɞůŮɚɑŭŬ Űɞɡ RTKLIB. ɆŮ ŬɡŰɐ ɛˊɞɟɞɨɜ ɜŬ ɓɟŮɗɞɨɜ əŬɘ Ůˊɘˊɚɏɞɜ ˊɚɖɟɞűɞɟɑŮɠ 

ɔɘŬ ŬɡŰɧ. 

 

Ƀɘ ŮűŬɟɛɞɔɏɠ Űɞɡ RTKLIB ŮɑɜŬɘ: 

¶ RTKNAVI  

¶ RTKPOST 

¶ RTKCONV 

¶ RTKPLOT 

¶ STRSVR 
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RTKNAVI : ȷɡŰɐ ɖ ŮűŬɟɛɞɔɐ əɎɜŮɘ ŮɜŰɞˊɘůɛɧ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ŭɖɚŬŭɐ ŭɏɢŮŰŬɘ Űɘɠ 

ɛŮŰɟɐůŮɘɠ Űɤɜ ŭŮəŰɩɜ (raw observation data) əŬɘ Űɘɠ ŮˊŮɝŮɟɔɎɕŮŰŬɘ ŮəŮɑɜɖ Űɖ ůŰɘɔɛɐ 

ŭɑɜɞɜŰŬɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ. 

ɄɟɏˊŮɘ ɔɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ ɜŬ ɟɡɗɛɘůŰɞɨɜ ůɤůŰɎ ɞɘ ɟɞɏɠ Ůɘůɧŭɞɡ əŬɘ ɞɘ ɟɞɏɠ Ůɝɧŭɞɡ. ɆŰɖɜ 

ŮɘəɧɜŬ 3.1 űŬɑɜŮŰŬɘ Űɞ ɓŬůɘəɧ ˊŬɟɎɗɡɟɞ Űɖɠ ŮűŬɟɛɞɔɐɠ RTKNAVI  ɢɤɟɑɠ ɜŬ ɏɢŮɘ Ůɑůɞŭɞ. 

 

 

ɳʽˁˈ˄ʰ оΦ 1 ɄŬɟɎɗɡɟɞ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ RTKNAVI  

 

RTKPOST: ȼ ɢɟɖůɘɛɧŰɖŰŬ ŬɡŰɐ Űɖɠ ŮűŬɟɛɞɔɐɠ ŮɑɜŬɘ ɖ Ůˊɑɚɡůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ˊɞɡ ɏɔɘɜŬɜ 

Ŭˊɧ Űɞɡɠ ŭɏəŰŮɠ əɎɜɞɜŰŬɠ ůɢŮŰɘəɧ ŮɜŰɞˊɘůɛɧ. ȹɏɢŮŰŬɘ ŰŬ ŬɟɢŮɑŬ ɛŮŰɟɐůŮɤɜ Űɤɜ ŭɨɞ ŭŮəŰɩɜ 

(base əŬɘ rover) ůŮ ɛɞɟűɐ RINEX əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑ ůɢŮŰɘəɧ ŮɜŰɞˊɘůɛɧ. ȷˊɧ 

Űɘɠ ɟɡɗɛɑůŮɘɠ ɞ ɢɟɐůŰɖɠ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ əɎɜŮɘ Ůˊɘɚɞɔɏɠ ɔɘŬ Űɞ Űɘ Ůɑŭɞɡɠ Ůˊɑɚɡůɖ ɗŬ 

əɎɜŮɘ (static, kinematic, DGPS əŰɚ) Űɘɠ ůɡɢɜɧŰɖŰŮɠ Űɤɜ ɛŮŰɟɐůŮɤɜ, Űɞ ůɨůŰɖɛŬ ŭɞɟɡűɧɟɤɜ 

(GPS, GLONASS, SBAS əŰɚ), ˊɤɠ ɗŬ ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ɎɚɚŬ. ɆŰɖɜ ŮɘəɧɜŬ 

3.2 űŬɑɜŮŰŬɘ Űɞ ˊŬɟɎɗɡɟɞ Űɞɡ RTKPOST ɧˊɞɡ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ ɖ ɗɏůɖ Űɞɡ ŬɟɢŮɑɞɡ RINEX 

ůŰɖ əŬŰɎɚɚɖɚɖ Ůˊɘɚɞɔɐ ŬɜɎɚɞɔŬ Ŭɜ ŮɑɜŬɘ ŬɟɢŮɑɞ ˊŬɟŬŰɐɟɖůɖɠ ɐ ˊɚɞɐɔɖůɖɠ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚŮɔŮɑ əŬɘ ɖ ɗɏůɖ ˊɞɡ ɗŬ ŮɛűŬɜɘůŰŮɑ Űɞ ŬɟɢŮɑɞ ɛŮ Űɞ ŬˊɞŰɏɚŮůɛŬ. 

 

 

ɳʽˁˈ˄ʰ оΦ 2 ɄŬɟɎɗɡɟɞ ŮűŬɟɛɞɔɐɠ RTKPOST 
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RTKCONV: ɀŮ ŬɡŰɐ Űɖɜ ŮűŬɟɛɞɔɐ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɛŮŰŬŰɟɞˊɐ ŬɟɢŮɑɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ůŮ 

Ɏɚɚɖ ɛɞɟűɐ, ůɡɜɐɗɤɠ ɛŮŰŬŰɟɞˊɐ ůŮ RINEX. ȰɢŮɘ əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛŮŰŬŰɟɏˊŮɘ RINEX 

ŬɟɢŮɑŬ ůŮ ˊŬɚɘɧŰŮɟɖ ɏəŭɞůɖ. ȷˊɧ Űɖɜ Ůˊɘɚɞɔɐ Optionsé ɛˊɞɟŮɑ ɞ ɢɟɐůŰɖɠ ɜŬ əɎɜŮɘ 

ɟɡɗɛɑůŮɘɠ ɔɘŬ Űɞ Űɘ ɗŬ ɏɢŮɘ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ. ȳˊɤɠ əŬɘ ůŰɖ ˊɟɞɖɔɞɨɛŮɜɖ ˊŮɟɑˊŰɤůɖ 

ɏŰůɘ əŬɘ ůŮ ŬɡŰɐ, ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗɏůŮɘɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 3.3 ŭɑɜŮŰŬɘ ɖ ɗɏůɖ Űɞɡ 

ŬɟɢŮɑɞɡ əŬɘ ŮˊɘɚɏɔŮŰŬɘ əŬɘ ɖ ɗɏůɖ ˊɞɡ ɗŬ ŮɛűŬɜɘůŰɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

 

 

ɳʽˁˈ˄ʰ оΦ 3 ɄŬɟɎɗɡɟɞ ŮűŬɟɛɞɔɐɠ RTKCONV  

 

RTKPLOT: ȷɡŰɐ ŮɑɜŬɘ ɛɘŬ ŮűŬɟɛɞɔɐ ˊɞɡ əɎɜŮɘ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ Ůˊɑɚɡůɖɠ Űɤɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ. ȹɘŬɓɎɕŮɘ Űɞ ŬɟɢŮɑɞ Űɖɠ ɚɨůɖɠ əŬɘ ůŮ ɏɜŬ ŭɘɎɔɟŬɛɛŬ ŰɞˊɞɗŮŰŮɑ Űɘɠ ɚɨůŮɘɠ 

əɎɗŮ ɛɏŰɟɖůɖɠ. ɇɞ ˊŬɟɎɗɡɟɞ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŬɡŰɞɨ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 3.4 ůŮ ŬɡŰɐ Űɖ 

ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ əŮɜɧ. ȷɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɞ ˊɟɧɔɟŬɛɛŬ RTKNAVI  (ŮɘəɧɜŬ 3.5ɓ) ɔɘŬ ɛɘŬ 

ŮűŬɟɛɞɔɐ RTK əŬɘ ɔɑɜŮɘ ɢɟɐůɖ Űɞɡ RTKPLOT ˊɟɞůɗɏŰɞɜŰŬɠ əŬɘ űɤŰɞɔɟŬűɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

ˊɞɡ ɏɔɘɜŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ ŰɧŰŮ Űɞ ŬˊɞŰɏɚŮůɛŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůŬɜ ŬɡŰɧ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɖɜ 

ŮɘəɧɜŬ 3.5Ŭ. ɇɞ ˊŬɟɎŭŮɘɔɛŬ ŬɡŰɧ ŮɑɜŬɘ ɛŮŰɟɐůŮɘɠ RTK ɛɏůŬ ůŮ ŬɡŰɞəɑɜɖŰɞ əŬŰŬɔɟɎűɞɜŰŬɠ 

Űɖ ́ɞɟŮɑŬ Űɞɡ. 
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ɳʽˁˈ˄ʰ оΦ 4 ɄŬɟɎɗɡɟɞ ŮűŬɟɛɞɔɐɠ RTKPLOT  əŮɜɧ 

 

        

ɳʽˁˈ˄ʰ оΦ 5 Ŭ ɄŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚɏůɛŬŰɞɠ RTKPLOT  ɓ ɉɟɐůɖ Űɞɡ RTKNAVI  ɔɘŬ Űɞ 

RTKPLOT

STRSRV: ȷɡŰɐ ɖ ŮűŬɟɛɞɔɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɤɜ ɟɞɩɜ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ 

əɡɟɑɤɠ ɔɘŬ Űɞ RTKNAVI. ȰɢŮɘ ˊŮɟɘůůɧŰŮɟɞ Űɞ ɢŬɟŬəŰɐɟŬ ŮˊɘəɞɘɜɤɜɑŬɠ Űɞɡ ɢŮɘɟɘůŰɐ ɛŮ Űɞ 

ɚɞɔɘůɛɘəɧ ˊŬɟɎ Ůˊɑɚɡůɖɠ (ŮɘəɧɜŬ 3.6). 

 

 

ɳʽˁˈ˄ʰ оΦ 6 STRSVR 
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3.3 ȿɃũȽɆɀȽȾɃ ANTTOOL 
 

ɇɞ ANTTOOL ŮɑɜŬɘ ɏɜŬ ɚɞɔɘůɛɘəɧ ŬɜɎɚɡůɖɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭɖɛɘɞɨɟɔɖůŮ ɞ Tomoji Takasu 

(2008) Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŮɚŮɨɗŮɟɞ. ɆŰɖɜ ɞɡůɑŬ ŮɑɜŬɘ ɏɜŬ ůɨɜɞɚɞ ˊɟɞɔɟŬɛɛɎŰɤɜ ˊɞɡ ɏɢɞɡɜ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ůŮ ˊŮɟɘɓɎɚɚɞɜ MATLAB  əŬɘ ɡˊɞɚɞɔɑɕɞɡɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əŮɟŬɑŬɠ, 

ɧˊɤɠ Űɞ əɏɜŰɟɞ űɎůɖɠ (phase center), Űɖ ɛŮŰŬɓɞɚɐ əɏɜŰɟɞɡ űɎůɖɠ (PCV) əŬɗɩɠ əŬɘ Űɞ 

multipath Űɞɡ ůɐɛŬŰɞɠ əŬɘ Űɞɡ əɩŭɘəŬ (code multipath, carrier phase multipath), ŭɖɚŬŭɐ 

əɎɜŮɘ ɏɚŮɔɢɞ Űɖɠ əŮɟŬɑŬɠ. ɋɠ Ůɑůɞŭɞ Űɞ ɚɞɔɘůɛɘəɧ ŭɏɢŮŰŬɘ ɛŮŰɟɐůŮɘɠ Ŭˊɧ ŭɏəŰɖ GNSS ůŮ 

ɛɞɟűɐ RINEX (observation əŬɘ navigation ŬɟɢŮɑŬ). ɇɏɚɞɠ Űɞ ANTTOOL ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ 

ůɢŮŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ ŬɡŰɎ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ.  

ȹɨɞ ŮɑɜŬɘ ɞɘ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ, Űɞ ˊɟɧɔɟŬɛɛŬ antest əŬɘ Űɞ ˊɟɧɔɟŬɛɛŬ antplot.  

 

Antest 

ȷɡŰɧ Űɞ ˊɟɧɔɟŬɛɛŬ ɡˊɞɚɞɔɑɕŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əŮɟŬɑŬɠ Ůɜɧɠ ŭɏəŰɖ ůŮ ůɢɏůɖ ɛŮ ɏɜŬ 

ŭɏəŰɖ ŬɜŬűɞɟɎɠ. ɆŮ ŬɡŰɧ ˊɟɏˊŮɘ ɞ ɢɟɐůŰɖɠ ɜŬ ŮɘůɎɔŮɘ ŰɟɑŬ ŬɟɢŮɑŬ ɛŮ Űɖɜ Ŭəɧɚɞɡɗɖ ůŮɘɟɎ, 

Űɞ ŬɟɢŮɑɞ ˊŬɟŬŰɐɟɖůɖɠ Űɞɡ ŭɏəŰɖ, Űɞ ŬɟɢŮɑɞ ˊŬɟŬŰɐɟɖůɖɠ Űɞɡ ŭɏəŰɖ ŬɜŬűɞɟɎɠ əŬɘ Űɞ 

ŬɟɢŮɑɞ ˊɚɞɐɔɖůɖɠ (ŮɑŰŮ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ  ŭɏəŰɖ ŮɑŰŮ Űɞɡ ŭɏəŰɖ ŬɜŬűɞɟɎɠ). ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ əɏɜŰɟɞ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ, ŭɖɚŬŭɐ Űɖ 

ɗɏůɖ Űɞɡ Űɘɠ ɛŮŰŬɓɞɚɏɠ əŬɗɩɠ əŬɘ Űɞ multipath Űɞɡ ůɐɛŬŰɞɠ əŬɘ Űɞɡ əɩŭɘəŬ (ŮɘəɧɜŬ 3.7). ɇɞ 

ˊɟɧɔɟŬɛɛŬ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŮɑŰŮ ɏɜŬ ŬɟɢŮɑɞ Űɨˊɞɡ ŬɟɢŮɑɞ.mat Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŬɟɢŮɑɞ Űɖɠ 

MATLAB  əŬɘ ɏɢŮɘ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ɡˊɞɚɧɔɘůŮ Űɞ ˊɟɧɔɟŬɛɛŬ ŮɑŰŮ ɏɜŬ ŬɟɢŮɑɞ Űɨˊɞɡ 

ŬɟɢŮɑɞ.out Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɔɑɜɞɡɜ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ. ɇɞ Űɘ ŬɟɢŮɑɞ ɗŬ  ŭɩůŮɘ 

ɛˊɞɟŮɑ ɜŬ Űɞ ŮˊɘɚɏɝŮɘ ɞ ɢɟɐůŰɖɠ. ȷəɧɛɖ ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰŮɑ əŬɘ ɖ ɗɏůɖ Űɤɜ ŬɟɢŮɑɤɜ ɔɘŬ ɜŬ 

ɛˊɞɟŮɑ ɜŬ ŰŬ ɓɟŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ əŬɘ ɜŬ ŰŬ ŭɘŬɓɎůŮɘ. 

ɄŬɟŬəɎŰɤ ŭɑɜŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ɢɟɐůɖɠ Űɞɡ Antest ɛŮ ŬɟɢŮɑŬ ůŮ RINEX ɛɞɟűɐ ŰŬ ɞˊɞɑŬ 

Ŭűɞɟɞɨɜ ůŰɞɜ ŮɝŮŰŬɕɧɛŮɜɞ ŭɏəŰɖ (rover.obs ŬɟɢŮɑɞ ˊŬɟŬŰɐɟɖůɖɠ əŬɘ rover.nav ŬɟɢŮɑɞ 

ˊɚɞɐɔɖůɖɠ) əŬɘ ůŰɞ ŭɏəŰɖ ŬɜŬűɞɟɎɠ (base.obs əŬɘ base.nav). 

ȷɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŬɜ ŮɜŰɞɚɐ Ůɘůɧŭɞɡ Űɞ ˊŬɟŬəɎŰɤ: 

>> antest rover.obs base.obs rover.nav 

ɇɧŰŮ Űɞ ŬˊɞŰɏɚŮůɛŬ ɗŬ ŮɑɜŬɘ ɏɜŬ ŬɟɢŮɑɞ ˊɞɡ ɗŬ ɚɏɔŮŰŬɘ antprm.mat ɧɛɤɠ Ŭɜ ɞɟɘůŰŮɑ ɖ 

ɏɝɞŭɞɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ïout ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ Űɞ  ŬɟɢŮɑɞ 

Ůɝɧŭɞɡ ŭɑɜɞɜŰŬɠ Űɞ ɧɜɞɛɎ Űɞɡ. ȹɖɚŬŭɐ ɛŮ Űɖɜ ŮɜŰɞɚɐ Ůɘůɧŭɞɡ:  

>> antest rover.obs base.obs rover.nav  ïout onoma.mat 

ȺˊɘůŰɟɏűŮɘ Űɞ ŬɟɢŮɑɞ mat ŬɚɚɎ ɛŮ Űɞ ŮˊɘɗɡɛɖŰɧ ɧɜɞɛŬ,  Ůɜɩ ɛŮ Űɖɜ ŮɜŰɞɚɐ: 

>> antest rover.obs base.obs rover.nav  ïout onoma.out 

ŪŬ ŭɩůŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɏɜŬ ŬɟɢŮɑɞ out ɛŮ Űɞ ŬɜɎɚɞɔɞ ɧɜɞɛŬ.  

ȷɜ ŰŬ ŬɟɢŮɑŬ ŮɑɜŬɘ ůŮ əɎˊɞɘɞ űɎəŮɚɞ ŰɧŰŮ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ŰŬ ɓɟŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ ˊɟɏˊŮɘ ɜŬ 

ɞɟɘůŰŮɑ əŬŰɎ Űɖɜ ŮɜŰɞɚɐ Ůɘůɧŭɞɡ, ŭɖɚŬŭɐ ɖ ŮɜŰɞɚɐ ɜŬ ɔɟŬűŰŮɑ ɏŰůɘ: 
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>> antest ɧɜɞɛŬ űŬəɏɚɞɡ\rover.obs ɧɜɞɛŬ űŬəɏɚɞɡ\base.obs ɧɜɞɛŬ űŬəɏɚɞɡ\ rover.nav  ïout 

onoma.out 

 

 

ɳʽˁˈ˄ʰ оΦ 7 ɄŬɟɎɗɡɟɞ Ůˊɘɚɞɔɩɜ Ůˊɑɚɡůɖɠ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ Antest 

 

Ƀ Űɟɧˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ ŬɡŰɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ əŮɟŬɑŬɠ ŬɜŬɚɨŮŰŬɘ Ŭˊɧ Űɞɜ Tomoji 

Takasu (2008). 

 

Antplot  

ɇɞ antplot əɎɜŮɘ Űɖ ůɢŮŭɑŬůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ antest ŭɖɚŬŭɐ ůɢŮŭɘɎɕŮɘ ŭɘŬɔɟɎɛɛŬŰŬ 

Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ əŮɟŬɑŬɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ɢɟɧɜɞ Űɖ ɗɏůɖ ɐ əŬɘ ɎɚɚŬ. ȷˊɧ Űɞ ŬɟɢŮɑɞ out ɞ 

ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬɚɏɝŮɘ ˊɞɘɞ ŭɘɎɔɟŬɛɛŬ ɗŬ Űɞɡ ŮˊɘůŰɟɏɣŮɘ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛˊɞɟŮɑ ɜŬ 

Űɞ ŬˊɞɗɖəŮɨůŮɘ ůŬɜ ŮɘəɧɜŬ. ȼ Ůˊɘɚɞɔɐ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ ˊɞɡ ɗŬ 

ɔɟŬűŰŮɑ ůŰɖ MATLAB  ɔɘŬ Űɞ antplot, Ůɜɩ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ əŬɘ Űɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ. ɇɞ 

əɎɗŮ ŭɘɎɔɟŬɛɛŬ ɏɢŮɘ Űɖ ŭɘəɐ Űɞɡ ɞɜɞɛŬůɑŬ ɔɘŬ ɜŬ ŬɜŬɔɜɤɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ. ɇŬ 

ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ Űɞ antplot ɛŬɕɑ ɛŮ Űɘɠ ɞɜɞɛŬůɑŮɠ Űɞɡɠ ŮɑɜŬɘ: 

1. ïpcvs: ɇɖ ɛŮŰŬɓɞɚɐ Űɞɡ əɏɜŰɟɞɡ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ ůŮ skyplot 

 

2. ïpcve: ɇɖ ɛŮŰŬɓɞɚɐ Űɞɡ əɏɜŰɟɞɡ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɔɤɜɑŮɠ ˊɞɡ 

ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ 

 

3. ïpmpt:  ɇɞ multipath Űɞɡ ůɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɢɟɧɜɞ 

 

4. ïpmpe: ɇɞ multipath Űɞɡ ůɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ 

(elevation angle) 

 

5. ïpmps: ɇɞ multipath Űɞɡ ůɐɛŬŰɞɠ ůŮ skyplot 

 

6. ïcmpt: ɇɞ multipath Űɞɡ əɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ Űɞ ɢɟɧɜɞ 

  

7. ïcmpe: ɇɞ multipath Űɞɡ əɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ 

 

8. ïcmps: ɇɞ multipath Űɞɡ əɩŭɘəŬ ůŮ skyplot 
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9. ïsnre: ɇɞɜ ɚɧɔɞ Űɖɠ ɘůɢɨɞɠ Űɞɡ ůɐɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɞɜ ɗɧɟɡɓɞ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ 

ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ 

 

10. ïsnrs: ɇɞɜ ɚɧɔɞ Űɖɠ ɘůɢɨɞɠ Űɞɡ ůɐɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɞɜ ɗɧɟɡɓɞ ůŮ skyplot 

 

ȼ ɢɟɐůɖ Űɞɡ antplot ɔɘŬ Űɖ ůɢŮŭɑŬůɖ ŬɡŰɩɜ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɔɑɜŮŰŬɘ ɛŮ Űɘɠ ŬəɧɚɞɡɗŮɠ 

ŮɜŰɞɚɏɠ: 

>> antplot  ɧɜɞɛŬ ŬɟɢŮɑɞɡ.out  

ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɗŬ ŮɛűŬɜɘůŰŮɑ Űɞ ˊɟɩŰɞ ŭɘɎɔɟŬɛɛŬ ŭɖɚŬŭɐ ɖ ɛŮŰŬɓɞɚɐ Űɞɡ əɏɜŰɟɞɡ 

űɎůɖɠ Űɖ əŮɟŬɑŬɠ ůŮ skyplot, ɤɠ ˊɟɞəŬɗɞɟɘůɛɏɜɞ Ŭɜ ŭŮɜ ŮɝŬɜŬɔəŬůŰŮɑ ɖ ŮɛűɎɜɘůɖ əɎˊɞɘɞɡ 

Ɏɚɚɞɡ. ũɘŬ ɜŬ ŮɛűŬɜɘůŰŮɑ ŭɘŬűɞɟŮŰɘəɧ ŭɘɎɔɟŬɛɛŬ ˊɟɏˊŮɘ ɜŬ ɔɟŬűŰŮɑ əŬɘ Űɞ ɧɜɞɛɎ Űɞɡ ůŰɖɜ 

ŮɜŰɞɚɐ ɛŮ ɛɑŬ ˊŬɨɚŬ ˊɟɘɜ Ŭˊɧ ŬɡŰɧ.  

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘɚŮɔŮɑ Űɞ ŰɟɑŰɞ ŭɘɎɔɟŬɛɛŬ (Űɞ multipath Űɞɡ ůɐɛŬŰɞɠ ůŮ 

ůɢɏůɖ ɛŮ Űɞɜ ɢɟɧɜɞ, ŮɘəɧɜŬ 3.8) ɖ ŮɜŰɞɚɐ ˊɟɏˊŮɘ ɜŬ ɔɟŬűŰŮɑ ɤɠ: 

>>antplot ɧɜɞɛŬ ŬɟɢŮɑɞɡ.out  ïpmpt 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ůɢŮŭɘɎɕɞɜŰŬɘ Ŭˊɧ ŬɡŰɧ Űɞ ˊɟɧɔɟŬɛɛŬ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞɗɖəŮɡŰɞɨɜ ɤɠ 

ŮɘəɧɜŮɠ. ɆŰɞ ˊŬɟɎɗɡɟɞ Űɖɠ MATLAB  ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɡˊɎɟɢŮɘ əŬɘ ɖ 

Ůˊɘɚɞɔɐ ɔɘŬ ŬˊɞɗɐəŮɡůɖ ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚŮɔŮɑ əŬɘ ɖ ɗɏůɖ ůŰɖɜ ɞˊɞɑŬ ɗŬ ŬˊɞɗɖəŮɡŰŮɑ 

ŬɡŰɧ ůŰɞɜ ɡˊɞɚɞɔɘůŰɐ. 

 

 

ɳʽˁˈ˄ʰ оΦ 8 ɄŬɟɎɗɡɟɞ Ůˊɘɚɞɔɩɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ antplot 

ɄŬɟŬəɎŰɤ űŬɑɜɞɜŰŬɘ ˊŬɟŬŭŮɑɔɛŬŰŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ antplot 

 

 

ɳʽˁˈ˄ʰ 3. 9 ɀŮŰŬɓɞɚɐ əɏɜŰɟɞɡ űɎůɖɠ Űɖɠ əŮɟŬɑŬɠ (pcv) (-pcve) (Takasu, 2008) 
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ɳʽˁˈ˄ʰ оΦ 10 ɀŮŰŬɓɞɚɐ Űɞɡ ɚɧɔɞɡ Űɞɡ ůɐɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɞ ɗɧɟɡɓɞ (C/NO) (-snre) (Takasu, 

2008) 

 

ɈˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɞ ɢɟɐůŰɖɠ ɜŬ ŭŮɘ əɎˊɞɘŮɠ ɞŭɖɔɑŮɠ, ˊɚɖɟɞűɞɟɑŮɠ ɐ ɚŮˊŰɞɛɏɟŮɘŮɠ ɔɘŬ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɩɜ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ɔɟɎűɞɜŰŬɠ ůŰɖ MATLAB  ɔɘŬ Űɞ antest əŬɘ Űɞ antplot 

ŬɜŰɑůŰɞɘɢŬ: 

>>help antest 

>>help antplot 

 

3.4 ɆɡɜɎɟŰɖůɖ ůŰɖ MATLAB  
 

ȺˊŮɘŭɐ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɏˊɟŮˊŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖ MATLAB  Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ 

ANTTOOL ŬűɞɟɞɨůŬɜ ˊɞɚɚɎ ŬɟɢŮɑŬ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ŬˊŬɘŰŮɑ Űɖɜ 

ŮˊŬɜɎɚɖɣɖ ˊɞɚɚɩɜ ŮɜŰɞɚɩɜ Ůɘůɧŭɞɡ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɘŬ ůɡɜɎɟŰɖůɖ ˊɞɡ ŮɑɢŮ ɤɠ ůəɞˊɧ Űɖɜ 

Ŭɨɝɖůɖ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɖɠ ŮɟɔŬůɑŬɠ. ɆŰɖɜ ɞɡůɑŬ ɛŮ ŬɡŰɐ ɛˊɞɟŮɑ ɞ ɢɟɐůŰɖɠ ɜŬ ŮˊɘɚɏɝŮɘ 

Ŭɜ ɗŬ əɎɜŮɘ Űɖɜ antest ɐ Űɖɜ antplot ɔɘŬ ŰŬ ŬɟɢŮɑŬ ˊɞɡ ɏɢŮɘ ɞɟɑůŮɘ ůŰɖ ůɡɜɎɟŰɖůɖ. ɃˊɧŰŮ 

ɛˊɞɟŮɑ ɞ ɢɟɐůŰɖɠ ɜŬ əɎɜŮɘ ɛɘəɟɏɠ ŬɚɚŬɔɏɠ ɔɘŬ ɜŬ ŬˊɞəŰɐůŮɘ ŰŬ ˊɞɚɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ŭɑɜɞɡɜ ɞɘ antest əŬɘ antplot. ȼ Ůˊɘɚɞɔɐ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ ɢɟɐůɖɠ ŬɡŰɐɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

əɎɚɡˊŰŮ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ əŬɘ ŭŮ ůɖɛŬɑɜŮɘ ɧŰɘ ŮɑɜŬɘ əŬɘ ɖ ˊɘɞ ŬˊɞŭɞŰɘəɐ 

ɔɘŬ ɧɚɞɡɠ. 
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ȾŮűɎɚŬɘɞ 4 ï Ɇɡɚɚɞɔɐ ȹŮŭɞɛɏɜɤɜ 
 

4.1 ȺȽɆȷũɋũȼ 
 

ɇɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɏɢŮɘ ɤɠ ɗɏɛŬ Űɖ ŭɘŬŭɘəŬůɑŬ ůɡɚɚɞɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɞɘ ɛŮŰɟɐůŮɘɠ ˊɞɡ 

ɏɔɘɜŬɜ əŬɘ ŰŬ ɧɟɔŬɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɗŬ ŬɜŬűŮɟɗɞɨɜ ɞɘ ŭɏəŰŮɠ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɗɩɠ əŬɘ əɎˊɞɘŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. ȷəɧɛɖ ɗŬ 

ˊŮɟɘɔɟŬűŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɏɔɘɜŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ əŬɘ Űɞ ˊŮɑɟŬɛŬ ŮɘůŬɔɤɔɐɠ 

ůűɎɚɛŬŰɞɠ ɚɧɔɤ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ (multipath) ůŰŬ ůɡɚɚŮɔɧɛŮɜŬ ŭŮŭɞɛɏɜŬ. 

 

4.2 ȹȺȹɃɀȺɁȷ 
 

ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖ ŭɘˊɚɤɛŬŰɘəɐ Ŭűɞɟɞɨɜ Űɧůɞ ůŮ ɡˊɎɟɢɞɜŰŬ 

ŭŮŭɞɛɏɜŬ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ ˊŬɚɘɧŰŮɟŬ əŬɘ ŰŬ ɞˊɞɑŬ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ 

ŭɞəɘɛɐ Űɤɜ ɚɞɔɘůɛɘəɩɜ əŬɘ ɔɘŬ ŮɝɎůəɖůɖ ɛŮ ŬɡŰɎ. Ⱥˊɑůɖɠ  ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɜɏŮɠ 

ɛŮŰɟɐůŮɘɠ ɩůŰŮ ɜŬ ŮɚŮɔɢɗɞɨɜ ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ əŮɟŬɘɩɜ.  

ɇŬ ɡˊɎɟɢɞɜŰŬ ŭŮŭɞɛɏɜŬ Ŭűɞɟɞɨɜ ˊŬɚŬɘɧŰŮɟŮɠ ɛŮŰɟɐůŮɘɠ ůŰŬŰɘəɞɨ ŮɜŰɞˊɘůɛɞɨ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ɢɩɟɞ Űɖɠ ɄɞɚɡŰŮɢɜɘɞɨˊɞɚɖɠ. ȷɡŰɏɠ ɞɘ ɛŮŰɟɐůŮɘɠ ɏɔɘɜŬɜ ɛŮ ŭɏəŰŮɠ 

ublox ˊɞɡ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ ɗɏůŮɘɠ ɔɜɤůŰɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ (ɓɎɗɟŬ) ůŮ əŰɐɟɘŬ Űɖɠ 

ɄɞɚɡŰŮɢɜɘɞɨˊɞɚɖɠ. ɇŬ ŬɟɢŮɑŬ ɐŰŬɜ ůŮ RINEX ɛɞɟűɐ əŬɘ ŭŮ ɢɟŮɘɎɕɞɜŰŬɜ əɎˊɞɘŬ Ůˊɘˊɚɏɞɜ 

ŮˊŮɝŮɟɔŬůɑŬ ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ŭˊɧ ŰŬ ɚɞɔɘůɛɘəɎ. Ƀ ůəɞˊɧɠ ɢɟɐůɖɠ Űɞɡɠ ɐŰŬɜ ɛɧɜɞ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ŭŮŭɞɛɏɜŬ ůŰɞ ˊɟɧɔɟŬɛɛŬ ANTTOOL əŬɘ ɜŬ əŬŰŬɜɞɖɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ ŬɡŰɩɜ. 

ɆŰɖ ŭɘˊɚɤɛŬŰɘəɐ ŬɡŰɐ ɏɔɘɜŮ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɨˊɞɡɠ ŭŮəŰɩɜ əŬɘ 

əŮɟŬɘɩɜ GNSS əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɏəŰŮɠ ublox, Trimble, Leica, əŬɘ 

Javad. ɇŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ ŭɏəŰŮɠ ůɡɚɚɏɢŰɖəŬɜ Űɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ əŬɘ ɛŮ 

Űɖɜ ɑŭɘŬ ŭɞɟɡűɞɟɘəɐ ɔŮɤɛŮŰɟɑŬ əŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ ɏɔɘɜŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ɚɞɔɘůɛɘəɎ 

ˊɞɡ ɏɢɞɡɜ ˊŮɟɘɔɟŬűŰŮɑ ůŰɞ əŮűɎɚŬɘɞ 3. 

 

4.3 ȹȺȾɇȺɆ ȾȷȽ ȾȺɅȷȽȺɆ ɄɃɈ ɉɅȼɆȽɀɃɄɃȽȼŪȼȾȷɁ 
 

ȷˊɧ Űɞɡɠ ŭɏəŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ Trimble, Leica əŬɘ Javad ŮɑɜŬɘ ɔŮɤŭŬɘŰɘəɞɑ ŭɏəŰŮɠ 

Ůɜɩ ɞɘ ŭɨɞ ublox ŭɏəŰŮɠ ŮɑɜŬɘ ŭɏəŰŮɠ ˊɚɞɐɔɖůɖɠ. ɄŬɟŬəɎŰɤ ŭɑɜɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ɓŬůɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əɎɗŮ ŭɏəŰɖ. 

 

4.3.1 TRIMBLE 5800 

Ƀ ŭɏəŰɖɠ Trimble 5800 ŮɑɜŬɘ ɏɜŬɠ ɔŮɤŭŬɘŰɘəɧɠ ŭɏəŰɖɠ. ȰɢŮɘ ŮɜůɤɛŬŰɤɛɏɜŬ əŮɟŬɑŬ GNSS 

əŬɘ ɛˊŬŰŬɟɑŬ (ŮɘəɧɜŬ 4.1). ɀˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɔɘŬ ɛŮŰɟɐůŮɘɠ RTK (Real Time 
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Kinematic). ȷəɧɛɖ ɏɢŮɘ əŬɘ Bluetooth ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɞ ɢɟɐůŰɖɠ ɜŬ Űɞ ɢŮɘɟɑɕŮŰŬɘ Ŭˊɧ 

Ŭɧ́ůŰŬůɖ. ȼ əŮɟŬɑŬ ˊɞɡ ɏɢŮɘ ŮɜůɤɛŬŰɤɛɏɜɖ ŮɑɜŬɘ ŭɨɞ ůɡɢɜɞŰɐŰɤɜ. Ƀɘ ŬəɟɑɓŮɘŮɠ ɛɏŰɟɖůɖɠ 

Űɞɡ ŭɏəŰɖ Trimble 5800 ŮɑɜŬɘ ɔɘŬ ůŰŬŰɘəɧ ŮɜŰɞˊɘůɛɧ 5mm +0.5 ppm ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɎ əŬɘ 

ɡɣɞɛŮŰɟɘəɎ 5mm +1 ppm, Ůɜɩ ɔɘŬ əɘɜɖɛŬŰɘəɧ ŮɜŰɞˊɘůɛɧ ŮɑɜŬɘ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɎ 10mm 

+1ppm əŬɘ ɡɣɞɛŮŰɟɘəɎ 20mm +1ppm. 

 

 

ɳʽˁˈ˄ʰ пΦ 1 ȹɏəŰɖɠ Trimble  5800 

 

4.3.2 LEICA 1200+ 

ȷɡŰɧɠ ŮɑɜŬɘ ɏɜŬɠ ŭɏəŰɖɠ GNSS Űɖɠ Leica ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɔŮɤŭŬɘŰɘəɧɠ ŭɏəŰɖɠ əŬɚɐɠ ŬəɟɑɓŮɘŬɠ 

ɛŮ əŮɟŬɑŬ ŭɨɞ ůɡɢɜɞŰɐŰɤɜ (ȺɘəɧɜŮɠ 4.2 əŬɘ 4.3). ȰɢŮɘ ŭɡɜŬŰɧŰɖŰŬ əŬɘ ɔɘŬ ůŰŬŰɘəɧ ŮɜŰɞˊɘůɛɧ 

ŬɚɚɎ əŬɘ ɔɘŬ RTK. Ƀɘ ŬəɟɑɓŮɘŮɠ ɛɏŰɟɖůɖɠ Űɞɡ ŭɏəŰɖ ŮɑɜŬɘ ɔɘŬ Űɞɜ əɘɜɖɛŬŰɘəɧ ŮɜŰɞˊɘůɛɧ 

10mm +1ppm ɞɟɘɕɧɜŰɘɞɔɟŬűɘəɎ əŬɘ 20mm +1ppm ɡɣɞɛŮŰɟɘəɎ Ůɜɩ ɔɘŬ ůŰŬŰɘəɧ ŮɜŰɞˊɘůɛɧ ɞɘ 

ŬəɟɑɓŮɘŮɠ ŮɑɜŬɘ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɎ 5mm +0.5ppm əŬɘ ɡɣɞɛŮŰɟɘəɎ 10mm +0.5ppm, 

 

  

ɳʽˁˈ˄ʰ пΦ 2 ȹɏəŰɖɠ Leica 1200+ 

                     

 

ɳʽˁˈ˄ʰ пΦ 3 Ūɐəɖ əŬɘ ɢŮɘɟɘůŰɐɟɘɞ Leica 

 



 

26 
 

4.3.3 JAVAD TRIUMPH 

Ƀ ŭɏəŰɖɠ Javad ŮɑɜŬɘ ɏɜŬɠ ɔŮɤŭŬɘŰɘəɧɠ ŭɏəŰɖɠ ɞ ɞˊɞɑɞɠ ŭɏɢŮŰŬɘ ůɐɛŬŰŬ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɎ 

ŭɞɟɡűɞɟɘəɎ ůɡůŰɐɛŬŰŬ ŭɖɚŬŭɐ GPS (L1, L2, L2C, L5), GLONASS (L1,L2) əŬɘ Galileo 

əɎŰɘ ˊɞɡ ɓŮɚŰɘɩɜŮɘ Űɖɜ ŬəɟɑɓŮɘŬ ůŮ ŭɨůəɞɚŮɠ ůɡɜɗɐəŮɠ ɛŮŰɟɐůŮɤɜ. ɀˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɧůɞ ɔɘŬ ůŰŬŰɘəɧ ŮɜŰɞˊɘůɛɧ ɧůɞ əŬɘ ɔɘŬ RTK (ȺɘəɧɜŬ 4.4). ȷəɧɛɖ ɏɢŮɘ 

Bluetooth əŬɘ ŮůɤŰŮɟɘəɐ ɛˊŬŰŬɟɑŬ ˊɞɡ ŮˊŬɜŬűɞɟŰɑɕŮŰŬɘ. ũɘŬ Űɞɜ ŭɏəŰɖ Javad Triumph ɞɘ 

ŬəɟɑɓŮɘŮɠ ɛɏŰɟɖůɖɠ ŮɑɜŬɘ ůŰɞɜ ůŰŬŰɘəɧ ŮɜŰɞˊɘůɛɧ 0.3cm +0.1ppm ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɎ əŬɘ 

0.35cm +0.4ppm ɡɣɞɛŮŰɟɘəɎ, ɔɘŬ Űɞɜ əɘɜɖɛŬŰɘəɧ ŮɜŰɞˊɘůɛɧ ɖ ŬəɟɑɓŮɘŬ ŮɑɜŬɘ 1cm +1ppm 

ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɎ əŬɘ 1.5cm +1ppm ɡɣɞɛŮŰɟɘəɎ. 

 

 

ɳʽˁˈ˄ʰ пΦ 4 ȹɏəŰɖɠ Javad 

 

4.3.4 ȹȺȾɇȺɆ UBLOX 

ȹɨɞ ŮɑɜŬɘ ɞɘ ŭɏəŰŮɠ ublox ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, ɞ ublox 6 ɐ ublox LEA-6T ɛŮ Űɖ ŭɘəɐ Űɞɡ 

əŮɟŬɑŬ (ȺɘəɧɜŬ 4.5) əŬɘ ɞ ublox 7 ɐ ublox NEO-7P XXL ɛŮ ɛɘŬ əŮɟŬɑŬ Tallysman TW2410 

(ȺɘəɧɜŮɠ 4.6, 4.7). 

ublox 6: ȷɡŰɧɠ ŮɑɜŬɘ ŭɏəŰɖɠ ˊɚɞɐɔɖůɖɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ɚŬɛɓɎɜŮɘ ɛɧɜɞ ɛŮŰɟɐůŮɘɠ GPS.  

 

Ublox 7: Ƀ ublox 7 ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ůɐɛŬ, ŮəŰɧɠ Ŭˊɧ GPS, Ŭˊɧ Glonass əŬɘ QZSS. ũɘŬ Űɘɠ 

ɛŮŰɟɐůŮɘɠ ŬɡŰɞɨ Űɞɡ ŭɏəŰɖ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŮɟŬɑŬ ublox ŬɚɚɎ ɛɑŬ əŮɟŬɑŬ Tallysman 

TW2410. ȷɡŰɐ ŮɑɜŬɘ ɛɘŬ əŮɟŬɑŬ ˊɞɡ ŮɑɜŬɘ ŮɘŭɘəɎ ůɢŮŭɘŬůɛɏɜɖ ɔɘŬ ɓɘɞɛɖɢŬɜɘəɏɠ ŬɔɟɞŰɘəɏɠ 

əŬɘ ůŰɟŬŰɘɤŰɘəɏɠ ŮűŬɟɛɞɔɏɠ. 
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ɳʽˁˈ˄ʰ пΦ 5 ȹɏəŰɖɠ ublox LEA -6T 

     

ɳʽˁˈ˄ʰ пΦ 6 ȹɏəŰɖɠ ublox NEO-7P ɛŮ    

əŮɟŬɑŬ  Tallysman 

 

 

ɳʽˁˈ˄ʰ пΦ 7 ɉŬɟŬəŰɖɟɘůŰɘəɎ əŮɟŬɑŬɠ Tallysman 

 



 

28 
 

4.4 ɆɈȿȿɃũȼ ȹȺȹɃɀȺɁɋɁ 
 

ũɘŬ Űɖɜ ůɡɚɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ɖ  ŭɘŬŭɘəŬůɑŬ Ůɚɏɔɢɞɡ Űɤɜ əŮɟŬɘɩɜ 

ɏɔɘɜŬɜ ɛŮŰɟɐůŮɘɠ ůŰɖɜ ɞɟɞűɐ Űɞɡ ȿŬɛˊŬŭɎɟɘɞɡ. ɆŮ ŬɡŰɐ Űɖ ŭɘŬŭɘəŬůɑŬ, ˊŮɟɘɛŮŰɟɘəɎ ɔɨɟɤ 

Ŭˊɧ ɏɜŬ ůɖɛŮɑɞ ɔɜɤůŰɩɜ ɔŮɤŭŬɘŰɘəɩɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ŰɞˊɞɗŮŰɐɗɖəŬɜ ˊɞɚɚɞɑ ŭɏəŰŮɠ ůŮ 

ɛɘəɟɐ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ɔɜɤůŰɧ ůɖɛŮɑɞ (1-2 ɛɏŰɟŬ). Ƀ əŮɜŰɟɘəɧɠ ŭɏəŰɖɠ ŮɑɜŬɘ ɞ ŭɏəŰɖɠ 

ŬɜŬűɞɟɎɠ (base) əŬɘ ɞɘ ɔɨɟɤ ŭɏəŰŮɠ (rover) ɗŬ əɎɜɞɡɜ ɛŮŰɟɐůŮɘɠ ŰŬɡŰɧɢɟɞɜŬ ɛŮ Űɞɜ 

əŮɜŰɟɘəɧ ŭɏəŰɖ. Ƀ ɏɚŮɔɢɞɠ əɎɗŮ əŮɟŬɑŬɠ  ɗŬ ɔɑɜŮɘ ůɡɜŬɟŰɐůŮɘ Űɞɡ əŮɜŰɟɘəɞɨ ŭɏəŰɖ. ɋɠ 

əŮɜŰɟɘəɧɠ ŭɏəŰɖɠ ŮˊɘɚɏɢɗɖəŮ ɜŬ ŮɑɜŬɘ ɞ ɔŮɤŭŬɘŰɘəɧɠ ŭɏəŰɖɠ Trimble 5800. 

 

4.4.1 ɇɃɄɃŪȺɇȼɆȼ ɇɋɁ ɃɅũȷɁɋɁ  

ȼ ɗɏůɖ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ, ŭɖɚŬŭɐ ɖ ɞɟɞűɐ Űɞɡ ȿŬɛˊŬŭɎɟɘɞɡ əŰɖɟɑɞɡ, ŮɑɢŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ ŭɞɟɡűɞɟɘəɏɠ ɛŮŰɟɐůŮɘɠ. ȷɡŰɐ ɖ ɗɏůɖ ˊŬɟŮɑɢŮ əŬɚɐ ɞɟŬŰɧŰɖŰŬ, ɛŮ 

ɛŮɔɎɚɞ ɛɏɟɞɠ Űɞɡ ɞɡɟŬɜɞɨ ɢɤɟɑɠ ŮɛˊɧŭɘŬ ˊɞɡ ɗŬ əɟɨɓɞɡɜ ŭɞɟɡűɧɟɞɡɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɤɜ ɛŮŰɟɐůŮɤɜ. Ⱥˊɑůɖɠ ŭŮɜ ɡˊɎɟɢɞɡɜ əŰɐɟɘŬ ɐ ɎɚɚŬ ŮɛˊɧŭɘŬ ŭɑˊɚŬ Ŭˊɧ Űɞɡɠ ŭɏəŰŮɠ ˊɞɡ ɜŬ 

ŭɖɛɘɞɡɟɔɞɨɜ ůűɎɚɛŬŰŬ ɚɧɔɤ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ.. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɞ 

ůɢɖɛŬŰɘůɛɧɠ ɛŮ Űɞɜ ɞˊɞɑɞ ŰɞˊɞɗŮŰɐɗɖəŬɜ ɞɘ ŭɏəŰŮɠ ɐŰŬɜ ɞ ŭɏəŰɖɠ ŬɜŬűɞɟɎɠ ůŰɖ ɗɏůɖ ɛŮ Űɘɠ 

ɔɜɤůŰɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ əŬɘ Ɏɚɚɞɘ ɏɝɘ ŭɏəŰŮɠ ůŮ ŬˊɧůŰŬůɖ ŭɨɞ ɛɏŰɟɤɜ ˊŮɟɑˊɞɡ Ŭˊɧ Űɞɜ 

əŮɜŰɟɘəɧ əŬɘ ɔɨɟɤ Ŭˊɧ ŬɡŰɧɜ ůɢɖɛŬŰɑɕɞɜŰŬɠ ɏɜŬ ŮɝɎɔɤɜɞ. ȺˊɘɚɏɢɗɖəŮ ɖ ŬˊɧůŰŬůɖ ŬɡŰɐ Ŭˊɧ 

Űɞ ŭɏəŰɖ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ Ůˊɑɚɡůɖ Űɖɠ ɓɎůɖɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŭŮəŰɩɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ɛŮ Űɞ ɚɞɔɘůɛɘəɧ ANTTOOL ˊɟɞɦˊɞɗɏŰŮɘ ɛɘəɟɐ ŬˊɧůŰŬůɖ Űɖɠ ŰɎɝɖɠ Űɤɜ 1-2m . ȷəɧɛɖ ɏɔɘɜŮ 

ˊɟɞůˊɎɗŮɘŬ ɞɘ ɏɝɘ ŭɏəŰŮɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŮ ŬɟəŮŰɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ ɩůŰŮ ɜŬ ɛɖɜ 

ŭɖɛɘɞɡɟɔɞɨɜ ůűɎɚɛŬŰŬ ˊŬɟŮɛɓɞɚɐɠ ɞ ɏɜŬɠ ůŰɞɜ Ɏɚɚɞ. ȳɚŬ ŬɡŰɎ űŬɑɜɞɜŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 4.8 

ɧˊɞɡ ŮɑɜŬɘ ůŰɞ ɓɎɗɟɞ ɞ ŭɏəŰɖɠ ŬɜŬűɞɟɎɠ əŬɘ ůŰɞɡɠ ŰɟɑˊɞŭŮɠ ɔɨɟɤ Ŭˊɧ ŬɡŰɧɜ ŮɑɜŬɘ ɞɘ 

ɡˊɧɚɞɘˊɞɘ ŭɏəŰŮɠ Űɤɜ ɞˊɞɑɤɜ ɞɘ ɛŮŰɟɐůŮɘɠ ɗŬ ɚɡɗɞɨɜ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ ŭɏəŰɖ 

ŬɜŬűɞɟɎɠ. 

 

 

ɳʽˁˈ˄ʰ пΦ 8 ɇɞˊɞɗɏŰɖůɖ Űɤɜ ɞɟɔɎɜɤɜ 
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4.4.2 ɃȽ ȹȺȾɇȺɆ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ɞɘ ŭɏəŰŮɠ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ ɏɝɘ ɗɏůŮɘɠ ɧˊɞɡ ŰɞˊɞɗŮŰɐɗɖəŬɜ ŰɟɑˊɞŭŮɠ əŬɘ 

ŰɟɘəɧɢɚɘŬ ˊɎɜɤ ůŰŬ ɞˊɞɑŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɞɘ ŭɏəŰŮɠ. ɋůŰɧůɞ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɛŮŰɟɐůŮɤɜ 

ˊɞɡ ŬˊɞəŰɐɗɖəŬɜ ŰŮɚɘəɎ ɐŰŬɜ Ŭˊɧ Űɞɡɠ ˊɏɜŰŮ Ŭˊɧ ŬɡŰɞɨɠ əŬɘ Ŭˊɧ Űɞ ŭɏəŰɖ ŬɜŬűɞɟɎɠ. ȰɔɘɜŮ 

ˊɟɞůˊɎɗŮɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ  ŭɨɞ ŭɏəŰŮɠ (Trimble əŬɘ Javad) ɞɘ ɞˊɞɑɞɘ ŰŮɚɘəɎ ŭŮɜ 

əŬŰɏɔɟŬɣŬɜ ɛŮŰɟɐůŮɘɠ, ɚɧɔɤ ˊŬɚŬɘɧŰŮɟɞɡ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ŭɘŬɗɏŰɞɡɜ. Ƀɘ ŭɏəŰŮɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŮɑɜŬɘ ublox LEA-6T, ublox 7 NEO-7P, Trimble 5800, Leica 1200+ əŬɘ 

Javad Triumth.  O ŭɏəŰɖɠ ŬɜŬűɞɟɎɠ ɐŰŬɜ Trimble 5800. 

 

4.4.3 ɃȽ ȽȹȽȷȽɇȺɅɃɇȼɇȺɆ ɇɋɁ UBLOX 

ũɘŬ ɜŬ əŬŰŬɔɟɎɣɞɡɜ ɛŮŰɟɐůŮɘɠ ɞɘ ublox ŭɏəŰŮɠ ɢɟŮɘɎɕɞɜŰŬɜ ɡˊɞɚɞɔɘůŰɏɠ, ɞˊɧŰŮ ůŰɖ 

ŭɘŬŭɘəŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ŬɡŰɞɑ ɞɘ ŭɏəŰŮɠ ɐŰŬɜ ůɡɜŭŮŭŮɛɏɜɞɘ ɞ əŬɗɏɜŬɠ ɛŮ ɏɜŬ űɞɟɖŰɧ 

ɡˊɞɚɞɔɘůŰɐ əŬɘ ůŮ ŬɡŰɞɨɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ŬɟɢŮɑɞ Űɤɜ ɛŮŰɟɐůŮɤɜ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ɡˊɐɟɢŮ ůɡɜŮɢɐ ˊŬɟɞɢɐ ɟŮɨɛŬŰɞɠ ůŰɞɡɠ ɡˊɞɚɞɔɘůŰɏɠ. ɆŰɖɜ ŮɘəɧɜŬ 4.9 űŬɑɜŮŰŬɘ ɖ 

ůɡɜŭŮůɛɞɚɞɔɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɡɠ ŭɏəŰŮɠ əŬɘ Űɞɡɠ ɡˊɞɚɞɔɘůŰɏɠ. 

 

ɳʽˁˈ˄ʰ пΦ 9 Ɉ́ ɞɚɞɔɘůŰɏɠ ůɡɜŭŮŭŮɛɏɜɞɘ ɛŮ Űɞɡɠ ŭɏəŰŮɠ  ublox 

 

 Ƀɘ ŭɨɞ əŮɟŬɑŮɠ ˊɚɞɐɔɖůɖɠ ŰɞˊɞɗŮŰɐɗɖəŬɜ ˊɎɜɤ ůŰɞ ɓɎɗɟɞ ɛŮ Űɟɘəɧɢɚɘɞ ŮɝŬɜŬɔəŬůɛɏɜɖɠ 

əɏɜŰɟɤůɖɠ. ȼ əŮɟŬɑŬ Tallysman ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɖ ůŮ ŬɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ ɛŮ əŬɗɟɏűŰɖ 

(ŮɘəɧɜŬ 4.10
Ŭ
) Ůɜɩ ůŰɖ əŮɟŬɑŬ LEA-6T ɢɟŮɘɎůŰɖəŮ ɜŬ űŰɘŬɢŰŮɑ ɛɑŬ ŬɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɢŬɟŰɧɜɘ əŬɘ ŬɚɞɡɛɘɜɧɢŬɟŰɞ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 4.10ɓ. ȷɡŰɧ 

ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ əŮɟŬɘɩɜ ˊɚɞɐɔɖůɖɠ ɔɘŬ Űɖɜ ɛŮɑɤůɖ ůűŬɚɛɎŰɤɜ ɚɧɔɤ 

ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ əɡɟɑɤɠ Ŭˊɧ Űɞ ɏŭŬűɞɠ. Ƀɘ ɔŮɤŭŬɘŰɘəɏɠ əŮɟŬɑŮɠ ŭɘŬɗɏŰɞɡɜ ůŰɖɜ 

əŬŰŬůəŮɡɐ Űɞɡɠ ŰɏŰɞɘŬ ŭɘɎŰŬɝɖ. 
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ɳʽˁˈ˄ʰ пΦ 10h  ȾŮɟŬɑŬ Tallysman (ŭɏəŰɖɠ  

ublox 7)   

             

 

ɳʽˁˈ˄ʰ пΦ млʲ ȾŮɟŬɑŬ LEA -6T (ŭɏəŰɖɠ 

ublox 6)

4.4.4 ɃȽ ɀȺɇɅȼɆȺȽɆ 

Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɘɠ 7 ȹŮəŮɛɓɟɑɞɡ 2017. ȼ ůɡɜɞɚɘəɐ ŭɘɎɟəŮɘŬ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ɐŰŬɜ ˊŮɟɑˊɞɡ 1.30 ɩɟŮɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɄɑɜŬəŬ 4.1. 

ũɘŬ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ˊɤɠ ŬɜŰɘŭɟɞɨɜ ɞɘ əŮɟŬɑŮɠ ůŮ ŮůəŮɛɛɏɜɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ 

ůɐɛŬŰɞɠ (multipath), ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɘŬ ŮˊɘűɎɜŮɘŬ ɛŮ ɏɜŰɞɜɖ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ (ŰɞˊɞɗɏŰɖůɖ 

ŬɚɞɡɛɘɜɧɢŬɟŰɞɡ ůŮ ɚŮˊŰɐ ɝɨɚɘɜɖ ŮˊɘűɎɜŮɘŬ) ɖ ɞˊɞɑŬ ŰɞˊɞɗŮŰɐɗɖəŮ  ˊɞɚɨ əɞɜŰɎ ůŰɞɡɠ 

ŭɏəŰŮɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɘɠ ŮɘəɧɜŮɠ 4.11 əŬɘ 4.12. 

 

ɆŰɞɜ əɎɗŮ ŭɏəŰɖ ɏɔɘɜŮ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ůűɎɚɛŬŰɞɠ ɔɘŬ ˊŮɟɑˊɞɡ ŭɏəŬ ɛŮ 

ŭɩŭŮəŬ ɚŮˊŰɎ. Ƀɘ ŭɏəŰŮɠ ɛɏŰɟŬɔŬɜ ɢɤɟɑɠ əŬɛɑŬ ˊŬɟɏɛɓŬůɖ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ ŭɖɚŬŭɐ 11:30 ˊɛ 

ɏɤɠ ůŰɘɠ 12:39ɛɛ (Űɞˊɘəɐ ɩɟŬ). ȷˊɧ ŬɡŰɐ Űɖɜ ɩɟŬ ɝŮəɑɜɖůŮ ɖ ŰɞˊɞɗɏŰɖůɖ Űɖɠ ŬɜŬəɚŬůŰɘəɐɠ 

ŮˊɘűɎɜŮɘŬɠ ůŰɞɡɠ ŭɏəŰŮɠ.  
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ȹɏəŰŮɠ Trimble Leica Javad Ublox 6 Ublox 7 

ȰɜŬɟɝɖ 

əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ 
11:30 11:30 11:30 11:30 11:30 

ȿɐɝɖ  

əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ 
13:23 13:11 12:49 13:00 12:38 

ȰɜŬɟɝɖ 

ɛŮ ůűɎɚɛŬ 
13:24 13:12 12:50 13:01 12:39 

ȿɐɝɖ 

ɛŮ ůűɎɚɛŬ 
13:36 13:23 13:00 13:11 12:49 

ʃʾ˄ʰˁʰˌ пΦ 1 ȹɘŬŭɘəŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ 

 

 

ɳʽˁˈ˄ʰ пΦ 11 ȷɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ 

       

 

ɳʽˁˈ˄ʰ пΦ 12 ȹɖɛɘɞɡɟɔɑŬ ůűɎɚɛŬŰɞɠ 
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ȾŮűɎɚŬɘɞ 5 - ȷɜɎɚɡůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ 
 

 

5.1 ȺȽɆȷũɋũȼ 
 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɔɑɜŮŰŬɘ ɖ ŬɜɎɚɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ. ɄŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ 

ŮɘůŬɔɤɔɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰŬ əŬŰɎɚɚɖɚŬ ˊɟɞɔɟɎɛɛŬŰŬ əŬɗɩɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊɞɡ ŮɝɎɔɞɜŰŬɘ Ŭˊɧ ŬɡŰɎ ɛŬɕɑ ɛŮ ůɢɞɚɘŬůɛɧ ŬɡŰɩɜ. 

 

 

5.2 ȺɄȺɂȺɅũȷɆȽȷ ȹȺȹɃɀȺɁɋɁ ȷɄɃ ɇȷ ɄɅɃũɅȷɀɀȷɇȷ 
 

ȷűɞɨ ɏɔɘɜŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ əŬɘ ůɡɚɚɏɢɗɖəŬɜ ŰŬ ŮˊɘɗɡɛɖŰɎ ŭŮŭɞɛɏɜŬ ŬəɞɚɞɨɗɖůŮ ɖ 

ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ  ɛŮ ŰŬ əŬŰɎɚɚɖɚŬ ɚɞɔɘůɛɘəɎ (ɓɚ. ȾŮűɎɚŬɘɞ 3). ɇŬ ˊɟɞɔɟɎɛɛŬŰŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŰŬɜ Űɞ RTKLIB əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ Űɞ ANTTOOL 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ɞ ɏɚŮɔɢɞɠ Űɤɜ ŭŮəŰɩɜ ɓɎůŮɘ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ. 

 

5.2.1 ɉɅȼɆȼ RTKLIB  

ȷˊɧ Űɞ RTKLIB ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ŮűŬɟɛɞɔɏɠ RTKCONV əŬɘ Űɞ RTKPOST. ȼ 

ŮűŬɟɛɞɔɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ˊŮɟɘůůɧŰŮɟɞ ɐŰŬɜ ɖ RTKCONV ɖ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑ ŰŬ ˊɟɤŰɞɔŮɜɐ ŬɟɢŮɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ŭŮəŰɩɜ ůŮ ɛɞɟűɐ RINEX. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ Űɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ ANTTOOL ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɧɚŬ ŰŬ 

ŬɟɢŮɑŬ ɜŬ ŮɑɜŬɘ ůŮ ɛɞɟűɐ RINEX. 

ɇŬ ŬɟɢŮɑŬ Űɤɜ ublox ŭŮəŰɩɜ, ŭɖɚŬŭɐ Űɞɡ ublox 6 əŬɘ ublox 7, ŭŮɜ ɐŰŬɜ ůŮ ɛɞɟűɐ 

RINEX ɞˊɧŰŮ ɏˊɟŮˊŮ ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ. ɆɡɜŮˊɩɠ ŮɘůɐɢɗɖəŬɜ ŰŬ ůɡɔəŮəɟɘɛɏɜŬ ŬɟɢɘəɎ 

ŬɟɢŮɑŬ (raw data) ůŰɞ RTKCONV, ɧˊɞɡ ŬɡŰɧ əɎɜɞɜŰŬɠ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ɟɡɗɛɑůŮɘɠ ŰŬ 

ɛŮŰɎŰɟŮɣŮ ůŮ RINEX ŭɖɚŬŭɐ ɏɜŬ ŬɟɢŮɑɞ ˊŬɟŬŰɐɟɖůɖɠ (observation file) əŬɘ ɏɜŬ 

ˊɚɞɐɔɖůɖɠ (navigation file). Ƀɘ ɟɡɗɛɑůŮɘɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ Ŭűɞɟɞɨɜ Ůˊɘɚɞɔɏɠ Űɞɡ 

ɢɟɐůŰɖ ɤɠ ˊɟɞɠ Űɞ Ůɑŭɞɠ Űɤɜ ŬɟɢŮɑɤɜ, Űɞɜ Űɨˊɞ Űɞɡ ŭɏəŰɖ, Ŭˊɧ ˊɞɘŬ ůɡůŰɐɛŬŰŬ 

ŮɜŰɞˊɘůɛɞɨ ɜŬ ůɡɛˊŮɟɘɚɎɓŮɘ ɛŮŰɟɐůŮɘɠ (ˊɢ GPS, GLONASS, əŰɚ), Ŭɜ əŬɘ ŬɡŰɧ 

ůɡɜɐɗɤɠ ŭŮɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ əŬɗɩɠ əŬɘ ɎɚɚŮɠ ˊɟɞŬɘɟŮŰɘəɏɠ Ůˊɘɚɞɔɏɠ. ɇŬ ŬɟɢŮɑŬ Ŭˊɧ 

Űɞɡɠ Ɏɚɚɞɡɠ ŭɏəŰŮɠ ŭŮ ɢɟŮɘɎɕɞɜŰŬɜ ɛŮŰŬŰɟɞˊɐ ɔɘŬŰɑ ɡˊɐɟɢŮ ɖ ŭɡɜŬŰɧŰɖŰŬ Ŭˊɧ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ˊɟɞɔɟɎɛɛŬŰŬ ˊɞɡ ůɡɜɧŭŮɡŬɜ Űɞɡɠ ŭɏəŰŮɠ ɜŬ əŬŰŮɓɎůɞɡɜ Űɘɠ ɛŮŰɟɐůŮɘɠ 

ůŰɞɜ ɡˊɞɚɞɔɘůŰɐ əŬɘ ɜŬ ŬˊɞɗɖəŮɡŰɞɨɜŮ ŬˊŮɡɗŮɑŬɠ ůŮ ɛɞɟűɐ RINEX.  

ȳɛɤɠ ŮəŰɧɠ Ŭˊɧ Űɖ ɛŮŰŬŰɟɞˊɐ ŬɟɢŮɑɤɜ ůŮ Ɏɚɚɖ ɛɞɟűɐ, ŬɡŰɧ Űɞ ˊɟɧɔɟŬɛɛŬ ɐŰŬɜ 

ŬˊŬɟŬɑŰɖŰɞ əŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŭɘŬűɞɟŮŰɘəɩɜ ŬɟɢŮɑɤɜ ɛŮŰɟɐůŮɤɜ. Ʉɘɞ ŬɜŬɚɡŰɘəɎ, 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɔɘŬ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

ŰɞˊɞɗŮŰɐɗɖəŮ ˊɞɚɨ əɞɜŰɎ ůŰɞɜ əɎɗŮ ŭɏəŰɖ ɛɑŬ ŬɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ ɛŮ ůəɞˊɧ Űɖ 
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ŭɖɛɘɞɡɟɔɑŬ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ (ɓɚ. ȾŮű 4). ɃˊɧŰŮ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɖ ŬɜɎɔəɖ 

ɜŬ ŭɘŬɢɤɟɘůŰŮɑ Űɞ Ŭɟɢɘəɧ ŬɟɢŮɑɞ ůŮ ŭɨɞ ɜɏŬ, ɧˊɞɡ Űɞ ɏɜŬ ɗŬ ŬűɞɟɞɨůŮ Űɘɠ ɛŮŰɟɐůŮɘɠ 

ɔɘŬ Űɞ ŭɘɎůŰɖɛŬ ˊɞɡ ɞ ŭɏəŰɖɠ ɛɏŰɟŬɔŮ ɢɤɟɑɠ ˊŬɟɏɛɓŬůɖ əŬɘ Űɞ Ɏɚɚɞ ɗŬ ˊŮɟɘɏɢŮɘ Űɘɠ 

ɛŮŰɟɐůŮɘɠ ˊɞɡ ɏɔɘɜŬɜ ɛŮ Űɖɜ ŬɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ, ɖ ŭɘŬŭɘəŬůɑŬ 

ŭŮɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ Űɖ ɛŮŰŬŰɟɞˊɐ Űɤɜ ŬɟɢŮɑɤɜ ůŮ Ɏɚɚɖ ɛɞɟűɐ. 

ȺɘůɎɔŮŰŬɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ Űɞ ŬɟɢŮɑɞ ůŮ ɛɞɟűɐ RINEX (ɐ əŬɘ Ɏɚɚɖ ɛɞɟűɐ Ŭɜ ŮɑɜŬɘ 

ŮˊɘɗɡɛɖŰɧ) əŬɘ ɤɠ ŰŮɚɘəɐ ɛɞɟűɐ ɞɟɑɕŮŰŬɘ ˊɎɚɘ RINEX ɧɛɤɠ ɖ ŭɘŬűɞɟɎ ŮɑɜŬɘ ɧŰɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ Ůˊɘɚɞɔɐ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ɜŬ ɞɟɘůŰŮɑ Űɖɜ ɩɟŬ ˊɞɡ ɗŬ ɝŮəɘɜɐůɞɡɜ ɞɘ 

ɛŮŰɟɐůŮɘɠ ůŰɞ ŬɟɢŮɑɞ əŬɘ Űɖɜ ɩɟŬ ˊɞɡ ɗŬ ŰŮɚŮɘɩůɞɡɜ. ɃˊɧŰŮ Ŭűɞɨ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɞɘ 

ɩɟŮɠ ˊɞɡ ɛɏŰɟŬɔŬɜ ŰŬ ɧɟɔŬɜŬ ɛŮ əŬɘ ɢɤɟɑɠ Űɖɜ ŬɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ ɛˊɞɟɞɨɜ ɜŬ 

ɞɟɘůŰɞɨɜ ůŰɞ RTKLIB əŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ŰŬ ɜɏŬ ŬɟɢŮɑŬ. Ƀ ŭɏəŰɖɠ ŬɜŬűɞɟɎɠ ŭŮɜ 

ŭɏɢɗɖəŮ əŬɛɑŬ ˊŬɟɏɛɓŬůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɧɚɖɠ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɞˊɧŰŮ ɗŬ 

ɏɢŮɘ ɏɜŬ ŬɟɢŮɑɞ, Űɞ ɞˊɞɑɞ ɗŬ ɝŮəɘɜɎ Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ɗŬ ŰŮɚŮɘɩɜŮɘ 

ɧŰŬɜ ůŰŬɛŬŰɎ ɜŬ ɛŮŰɟɎ əŬɘ ɞ ŰŮɚŮɡŰŬɑɞɠ ŭɏəŰɖɠ. 

ȼ Ɏɚɚɖ ŮűŬɟɛɞɔɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ ɖ RTKPOST ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ 

Ůˊɑɚɡůɖ ůŰŬŰɘəɞɨ ŮɜŰɞˊɘůɛɞɨ. ɄŬɟɧɚɞ ˊɞɡ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ Űɞ ANTTOOL ɜŬ 

ɡˊɎɟɢŮɘ ɔɘŬ əɎɗŮ ůŰɎůɖ Űɞɡ ŭɏəŰɖ Ŭəɟɘɓɐɠ ɗɏůɖ, ɏɔɘɜŮ Ůˊɑɚɡůɖ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɞɡ 

əɎɗŮ ŭɏəŰɖ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ŭɏəŰɖ ŬɜŬűɞɟɎɠ. ȼ ŭɘŬŭɘəŬůɑŬ Ůˊɑɚɡůɖɠ əɟɑɗɖəŮ 

ůɖɛŬɜŰɘəɐ ɩůŰŮ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ ŭŮɜ ɡˊɐɟɢŮ əɎˊɞɘɞ ˊɟɧɓɚɖɛŬ ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ ɐ 

ɛŮ Űɞ ŬɟɢŮɑɞ. Ⱥˊɘˊɚɏɞɜ, ɏˊɟŮˊŮ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ ŭŮɜ ɡˊɐɟɢŬɜ ɛŮɔɎɚŬ ůűɎɚɛŬŰŬ (ˊɢ 

ɛŮɔɎɚŬ ɡˊɧɚɞɘˊŬ ůŰɘɠ ŭɘŬűɞɟɏɠ űɎůɖɠ) əŬɘ Űɏɚɞɠ ɜŬ ŮɚŮɔɢɗŮɑ ɖ ŬˊɧůŰŬůɖ əɎɗŮ ŭɏəŰɖ 

Ŭˊɧ Űɞɜ ŭɏəŰɖ ŬɜŬűɞɟɎɠ. ȷəɧɛɖ ɡˊɞɚɞɔɑůŰɖəŬɜ əŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əŮɜŰɟɘəɞɨ 

ŭɏəŰɖ ɔɘŬŰɑ ɢɟŮɘɎɕɞɜŰŬɘ əŬŰɎ Űɖ ɢɟɐůɖ Űɞɡ ANTTOOL.  

 

5.2.2 ɉɅȼɆȼ ANTTOOL 

ɀŮŰɎ Űɖɜ Ŭɟɢɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛŮŰɟɐůŮɤɜ, ŰŬ ŭŮŭɞɛɏɜŬ ŮɘůɎɔɞɜŰŬɘ ůŰɞ antest 

(ŮɑɜŬɘ ɡˊɞɟɞɡŰɑɜŬ Űɞɡ ANTTOOL) ɩůŰŮ ɜŬ ɔɑɜŮɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ 

Űɤɜ əŮɟŬɘɩɜ. 

ȾŬŰŬɟɢɎɠ ŰŬ ŬɟɢŮɑŬ RINEX ŮɘůɎɢɗɖəŬɜ ůŰɖ ɓɘɓɚɘɞɗɐəɖ Űɖɠ MATLAB, ɧˊɞɡ ɧɚŬ 

ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŰɞɜ ɑŭɘɞ űɎəŮɚɞ ɔɘŬ ɜŬ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɞ ɜŬ ŭɖɚɤɗɞɨɜ ůŰɘɠ ŮɜŰɞɚɏɠ. 

ũɘŬ ɜŬ ɛˊɞɟŮɑ ɖ MATLAB  ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ Űɞɡ ANTTOOL 

ˊɟɏˊŮɘ ɜŬ ŮɜŮɟɔɞˊɞɘɖɗɞɨɜ ůŰɖ ɓɘɓɚɘɞɗɐəɖ Űɖɠ, əɎɜɞɜŰŬɠ ŭŮɝɑ əɚɘə ůŰɞ űɎəŮɚɞ ɛŮ 

ŬɡŰɎ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ əŬɘ ɛŮŰɎ ůŰɖɜ Ůˊɘɚɞɔɐ add to path. ɇɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɞ 

űɎəŮɚɞ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ. ȰˊŮɘŰŬ Ŭˊɧ ŬɡŰɐ Űɖ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ŮˊŮɝŮɟɔŬůɑŬ 

Űɤɜ ɛŮŰɟɐůŮɤɜ ɛŮ ůəɞˊɧ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɤɜ ŭŮəŰɩɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ˊɟɧɔɟŬɛɛŬ antest əŬɘ ɞɟɑɕɞɜŰŬɠ Űɖ ɗɏůɖ Űɤɜ ŬɟɢŮɑɤɜ ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ. ɃˊɧŰŮ ŮɑɜŬɘ ˊɟɞɠ Űɞ ůɡɛűɏɟɞɜ Űɞɡ ɢɟɐůŰɖ ɜŬ ɛɖɜ ɢɟɖůɘɛɞˊɞɘɐůŮɘ 

ˊɞɚɚɞɨɠ űŬəɏɚɞɡɠ ɛɏůŬ ůŮ űŬəɏɚɞɡɠ ɔɘŬ ɜŬ ɛɖɜ ɔɑɜŮŰŬɘ ˊɞɚɨˊɚɞəɖ ɖ ŮɜŰɞɚɐ 

Ůɘůɧŭɞɡ əŬɘ ɜŬ ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ ɓɟŮɗɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ. ȳŰŬɜ ɞɚɞəɚɖɟɤɗŮɑ ɖ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ antest ɗŬ ɡˊɎɟɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɏɜŬ 

ŬɟɢŮɑɞ mat ɐ ɏɜŬ ŬɟɢŮɑɞ out, ŬɜɎɚɞɔŬ ɛŮ Űɞ Űɘ ɗŬ ŮˊɘɚɏɝŮɘ ɞ ɢɟɐůŰɖɠ, Űɞ ˊɟɩŰɞ ɏɢŮɘ 

ŬˊɚɎ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ əŬɗɩɠ əŬɘ əɎˊɞɘŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ŬɡŰɩɜ Űɞ ŭŮɨŰŮɟɞ ɧɛɤɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ antplot ɔɘŬ ɜŬ ůɢŮŭɘɎůŮɘ ŭɘŬɔɟɎɛɛŬŰŬ. ȰɢɞɜŰŬɠ ɚɞɘˊɧɜ əŬɘ ŰŬ ŭɨɞ ŬɟɢŮɑŬ 
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ɏɔɘɜŮ ɢɟɐůɖ Űɞɡ antplot ŭɑɜɞɜŰŬɠ Űɞ ɧɜɞɛŬ Űɞɡ ŬɟɢŮɑɞɡ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ 

ŮˊɘɚŮɔɛɏɜɖ əŮɟŬɑŬ əŬɘ əŬɗɞɟɑɕɞɜŰŬɠ Űɘ ŭɘɎɔɟŬɛɛŬ ɗŬ ůɢŮŭɘɎůŮɘ. ɇŮɚɘəɎ ɔɘŬ Űɞ əɎɗŮ 

ŬɟɢŮɑɞ ɛŮŰɟɐůŮɤɜ RINEX ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɞɜ əɎɗŮ ŭɏəŰɖ ɛŮ əŬɘ ɢɤɟɑɠ Űɖɜ 

ŬɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ ɏɔɘɜŮ ůɢŮŭɑŬůɖ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ɔɘŬ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ˊɟɏˊŮɘ 

ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɔɘŬ Űɖ ɓŬɗɛɞɜɧɛɖůɖ. 

 

 

5.3 ȹȽȷũɅȷɀɀȷɇȷ ɇɋɁ ɄȷɅȷɀȺɇɅɋɁ 
 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŬˊɞəŰɐɗɖəŬɜ Ŭˊɧ Űɞ antplot ŮɑɜŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɞ ůűɎɚɛŬ 

ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ əŬɘ Űɞɡ əɩŭɘəŬ əŬɗɩɠ əŬɘ Űɞ ɚɧɔɞ Űɖɠ ɘůɢɨɞɠ Űɞɡ 

ůɐɛŬŰɞɠ ɤɠ ˊɟɞɠ Űɞɜ ɗɧɟɡɓɞ.  

 

5.3.1 Ɇūȷȿɀȷɇȷ ɄɃȿɈȷɁȷȾȿȷɆȼɆ ɇɃɈ ɆȼɀȷɇɃɆ 

 

ɳʽˁˈ˄ʰ рΦ 1 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ Trim ble 
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ɳʽˁˈ˄ʰ рΦ 2 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ Leica 

 

 

 

ɳʽˁˈ˄ʰ рΦ 3 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ Javad 
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ɳʽˁˈ˄ʰ 5. 4 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ ublox 6 

 

 

ɳʽˁˈ˄ʰ рΦ 5 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚůɖɠ Űɞɡ ůɐɛŬŰɞɠ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ ublox 7 
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ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ŬɡŰɎ ˊŬɟɞɡůɘɎɕɞɡɜ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ůŰɖɜ 

ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ ɔɘŬ Űɞɜ əɎɗŮ ŭɏəŰɖ ɝŮɢɤɟɘůŰɎ ɞˊɧŰŮ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůɨɔəɟɘůɖ 

ɛŮŰŬɝɨ Űɞɡɠ. ɀŮ ɛɘŬ ˊɟɩŰɖ ɛŬŰɘɎ ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɞ ŭɏəŰɖɠ Űɖɠ Leica ɏɢŮɘ 

ɛɘəɟɧŰŮɟɞ ůűɎɚɛŬ Ŭˊɧ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ əŬɘ ˊɘɞ ɞɛŬɚɧ. ȷəɧɛɖ ɧɚɞɘ ɞɘ ŭɏəŰŮɠ 

űŬɑɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ˊŬɟɧɛɞɘŬ ůűɎɚɛŬŰŬ ůŰɘɠ ŬɜɎɚɞɔŮɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ. ȷɜ 

ůɡɔəɟɑɜɞɡɛŮ Űɞɡɠ ŭɏəŰŮɠ ublox ɛŮŰŬɝɨ Űɞɡɠ ŰɧŰŮ ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɞ ublox 7 ɏɢŮɘ 

ɛɘəɟɧŰŮɟɞ ůűɎɚɛŬ, ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖ ɢɟɐůɖ Űɖɠ əŮɟŬɑŬɠ tallysman. Ⱥˊɑůɖɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ŰŬ RMS (Residual Mean Square) Űɤɜ ɔŮɤŭŬɘŰɘəɩɜ ŭŮəŰɩɜ, ŮəŰɧɠ 

Űɞɡ Leica, ŮɑɜŬɘ əɞɜŰɎ ůŰɞ ublox 6 əŬɘ ɞ ublox 7 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ RMS Ŭˊɧ ŬɡŰɞɨɠ 

ˊɞɡ ˊɘɗŬɜɧŰŬŰŬ Ůˊɑůɖɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ əŮɟŬɑŬ tallysman. 

ɆŰɞɜ ˊɑɜŬəŬ 5.1 ŭɑɜɞɜŰŬɘ ŰŬ RMS Űɞɡ ůűɎɚɛŬŰɞɠ ɔɘŬ əɎɗŮ Űɨˊɞ ŭɏəŰɖ. ɄŬɟŬŰɖɟŮɑŰŬɘ 

ɧŰɘ ɞɘ əŮɟŬɑŮɠ Űɞɡ ŭɏəŰɖ Leica 1200 əŬɘ ublox 7 űɘɚŰɟɎɟɞɡɜ əŬɚɨŰŮɟŬ Ŭˊɧ Űɘɠ 

ɡˊɧɚɞɘˊŮɠ ŰŬ ŬɜŮˊɘɗɨɛɖŰŬ ůɐɛŬŰŬ ɚɧɔɤ ˊɞɚɡŬɜɎəɚŬůɖɠ. 

 

ɇɨˊɞɠ ȹɏəŰɖ RMS (cm) 

Trimble 5800 1.54 

Leica 1200 0.24 

Javad Triumph 1.17 

Ublox 6 1.12 

Ublox 7 0.76 

ʃʾ˄ʰˁʰˌ рΦ 1 RMS ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ɔɘŬ əɎɗŮ Űɨˊɞ ŭɏəŰɖ 

 

 

ɇŬ ŮˊɧɛŮɜŬ ŭɘŬɔɟɎɛɛŬŰŬ Ŭűɞɟɞɨɜ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ůŮ ůɢɏůɖ 

ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ ɞ ŭɏəŰɖɠ. 
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ɳʽˁˈ˄ʰ рΦ 6 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ 

ůɐɛŬ ɞ ŭɏəŰɖɠ Trimble  

 

 

ɳʽˁˈ˄ʰ рΦ 7 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭ;eɢŮŰŬɘ Űɞ 

ůɐɛŬ ɞ ŭɏəŰɖɠ Leica 
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ɳʽˁˈ˄ʰ рΦ 8 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ 

ůɐɛŬ ɞ ŭɏəŰɖɠ Javad 

 

ɳʽˁˈ˄ʰ рΦ 9 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ 

ůɐɛŬ ɞ ŭɏəŰɖɠ ublox 6 
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ɳʽˁˈ˄ʰ рΦ 10 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ 

ůɐɛŬ ɞ ŭɏəŰɖɠ ublox 7 

 

ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ ˊɟɩŰɖ ˊŬɟŬŰɐɟɖůɖ ŮɑɜŬɘ ɧŰɘ Űɞ Ůɨɟɞɠ Űɞɡ ůűɎɚɛŬŰɞɠ 

Űɞɡ ŭɏəŰɖ Leica ŮɑɜŬɘ ŮɛűŬɜɩɠ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ. ɇŬ ůűɎɚɛŬŰŬ 

ŮɛűŬɜɑɕɞɡɜ ˊŬɟɧɛɞɘŬ ɛɞŰɑɓŬ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Ŭˊɧ ɧɚɞɡɠ Űɞɡɠ ŭɏəŰŮɠ ůŮ ůɢɏůɖ ɛŮ Űɖ 

ɔɤɜɑŬ. ɇŬ RMS ŮɑɜŬɘ ŰŬ ɑŭɘŬ ɧˊɤɠ ůŰɞɜ ɄɑɜŬəŬ 5.1 ɞˊɧŰŮ ɘůɢɨɞɡɜ ɑŭɘŮɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ ɧˊɤɠ ůŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŭɘŬɔɟɎɛɛŬŰŬ. 

 

ȼ ŰŮɚŮɡŰŬɑŬ ůŮɘɟɎ ŭɘŬɔɟŬɛɛɎŰɤɜ ŬűɞɟɎ Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɞɡ ůűɎɚɛŬŰɞɠ 

ˊɞɚɡŬɜɎəɚůɖɠ ůɐɛŬŰɞɠ ůŮ ɛɞɟűɐ skyplot. 
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ɳʽˁˈ˄ʰ рΦ 11 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ ɔɘŬ Űɞɜ ŭɏəŰɖ Timble 

 

 

ɳʽˁˈ˄ʰ рΦ 12 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ ɔɘŬ Űɞɜ ŭɏəŰɖ Leica 
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ɳʽˁˈ˄ʰ рΦ 13 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ ɔɘŬ Űɞɜ ŭɏəŰɖ Javad 

 

 

ɳʽˁˈ˄ʰ рΦ 14 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ ɔɘŬ Űɞɜ ŭɏəŰɖ ublox 6 
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ɳʽˁˈ˄ʰ рΦ 15 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ ɔɘŬ Űɞɜ ŭɏəŰɖ ublox7 

 

 

ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŬɡŰɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ 

Ŭˊɧ Űɞɜ əɎɗŮ ŭɞɟɡűɧɟɞ ɚɧɔɤ Űɖɠ ɗɏůɖɠ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ŭɏəŰɖ. ȾŬɘ Ůŭɩ ɛˊɞɟŮɑ 

ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ůɡɛűɤɜɞɨɜ ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŭɘŬɔɟɎɛɛŬŰŬ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ  əŬɘ 

ůŰŬ ŰɟɑŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ ŬɚɚɎ ɛŮ ŭɘŬűɞɟŮŰɘəɧ 

Űɟɧˊɞ. ȹɘŬˊɘůŰɩɜŮŰŬɘ ˊɎɚɘ ɧŰɘ ɞ ŭɏəŰɖɠ Leica ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ůűɎɚɛŬ Ŭˊɧ Űɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ. Ⱥˊɑůɖɠ ůŮ ŬɡŰɎ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ ˊɘɞ əŬɗŬɟɎ ˊɤɠ 

ɡˊɎɟɢŮɘ ɏɜŬɠ ŭɞɟɡűɧɟɞɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞ ůűɎɚɛŬ Ŭˊɧ Űɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ. ɆŮ Ɏɚɚɞɡɠ ŭɏəŰŮɠ ŬɡŰɧ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊɘɞ ɏɜŰɞɜɞ əŬɘ ůŮ Ɏɚɚɞɡɠ 

ɚɘɔɧŰŮɟɞ. ɇŬ ɡˊɧɚɞɘˊŬ ůɢɧɚɘŬ ˊɞɡ ɏɔɘɜŬɜ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ 

ɘůɢɨɞɡɜ əŬɘ ůŮ ŬɡŰɐ. 

 

 

5.3.2 Ɇūȷȿɀȷ ɄɃȿɈȷɁȷȾȿȷɆȼɆ ɇɃɈ ȾɋȹȽȾȷ 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ɡˊɎɟɢŮɘ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ əɩŭɘəŬ ɤɠ 

ˊɟɞɠ Űɞɜ ɢɟɧɜɞ. 
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ɳʽˁˈ˄ʰ рΦ 16 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ əɩŭɘəŬ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ Trimble  

 

 

ɳʽˁˈ˄ʰ рΦ 17 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ əɩŭɘəŬ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ Leica 
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ɳʽˁˈ˄ʰ рΦ 18 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ əɩŭɘəŬ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ Javad 

 

 

ɳʽˁˈ˄ʰ рΦ 19 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ əɩŭɘəŬ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ ublox 6 

ȺɘəɧɜŬ 5.19  
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ɳʽˁˈ˄ʰ рΦ 20 Ɇɢɏůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ əɩŭɘəŬ ɛŮ Űɞɜ ɢɟɧɜɞ ɔɘŬ Űɞɜ 

ŭɏəŰɖ ublox 7 

 

ɆŰŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ ŮɑɜŬɘ ɝŮəɎɗŬɟɞ ɧŰɘ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ 

əɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɢɟɧɜɞ ˊɞɡ ɛɏŰɟŬɔŬɜ ɞɘ ŭɏəŰŮɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ ůɡɔəɟɘŰɘəɎ 

ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ Űɞɡ ůɐɛŬŰɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ ɞɘ ublox ŭɏəŰŮɠ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɞ 

ůűɎɚɛŬ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ əŬɗɩɠ əŬɘ ɧŰɘ ɞ ublox 7 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ 

ůűɎɚɛŬ Ŭˊɧ Űɞɡ 6 (ɓɚ. ɄɑɜŬəŬ 5.2). Ƀɘ ɔŮɤŭŬɘŰɘəɏɠ əŮɟŬɑŮɠ ɡˊŮɟɏɢɞɡɜ Űɤɜ əŮɟŬɘɩɜ 

ˊɚɞɐɔɖůɖɠ (ŭɏəŰŮɠ ublox) əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ. ɇŬ ůűɎɚɛŬŰŬ ɛŮ Űɖɜ ˊɎɟɞŭɞ 

Űɞɡ ɢɟɧɜɞɡ ŮɑɜŬɘ ˊɘɞ ůŰŬɗŮɟɎ Ŭˊɧ ŬɡŰɎ Űɞɡ ůɐɛŬŰɞɠ əŬɘ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ůɢŮŭɧɜ ůŮ 

ɧɚɞ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞ Ůɨɟɞɠ Űɞɡ ůűɎɚɛŬŰɞɠ ŮɑɜŬɘ ɑŭɘɞ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ 

Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ ůɐɛŬŰɞɠ ɧˊɞɡ ɡˊɐɟɢŬɜ əɎˊɞɘŮɠ ŬəɟŬɑŮɠ Űɘɛɏɠ ůŮ 

əɎˊɞɘŬ ŰɛɐɛŬŰŬ əŬɘ ˊɞɚɨ ɛɘəɟɧŰŮɟŮɠ ůŮ ɎɚɚŬ. 

 

ɇɨˊɞɠ ŭɏəŰɖ RMS (cm) 

Trimble 5800 9 

Leica 1200 23 

Javad Triumph 16 

Ublox 6 59 

Ublox 7 31 

ʃʾ˄ʰˁʰˌ рΦ 2 RMS ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ɔɘŬ əɎɗŮ Űɨˊɞ ŭɏəŰɖ 
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ȼ ŮˊɧɛŮɜɖ ůŮɘɟɎ ŭɘŬɔɟŬɛɛɎŰɤɜ ŬˊŮɘəɞɜɑɕɞɡɜ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ůŮ 

ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ Űɞɡ ůɐɛŬŰɞɠ. 

 

 

ɳʽˁˈ˄ʰ рΦ 21 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ 

ɞ ŭɏəŰɖɠ Trimble  

 

 

ɳʽˁˈ˄ʰ рΦ 22 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ 

ɞ ŭɏəŰɖɠ Leica 
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ɳʽˁˈ˄ʰ рΦ 23 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ 

ɞ ŭɏəŰɖɠ Javad 

 

 

ɳʽˁˈ˄ʰ рΦ 24 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ 

ɞ ŭɏəŰɖɠ ublox 6 
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ɳʽˁˈ˄ʰ рΦ 25 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ Űɖ ɔɤɜɑŬ ˊɞɡ ŭɏɢŮŰŬɘ Űɞ ůɐɛŬ 

ɞ ŭɏəŰɖɠ ublox 7 

 

 

ɆŰŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ űŬɑɜŮŰŬɘ ɧŰɘ ɖ ɛɏůɖ Űɘɛɐ Űɞɡ ůűɎɚɛŬŰɞɠ (ůɖɛŮɘɩɜŮŰŬɘ 

ɛŮ əɧəəɘɜɖ ɔɟŬɛɛɐ) ŮɑɜŬɘ ɞɛŬɚɐ ɔɘŬ ɧɚŮɠ Űɘɠ ɔŮɤŭŬɘŰɘəɏɠ əŮɟŬɑŮɠ ŬəɧɛŬ əŬɘ ɔɘŬ Űɖɜ 

əŮɟŬɑŬ Tallysman. ȼ ɢɟɐůɖ ɛɖ ɔŮɤŭŬɘŰɘəɐɠ əŮɟŬɑŬɠ ŮɘůɎɔŮɘ ɏɜŰɞɜŬ ůűɎɚɛŬŰŬ ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɖ ˊŮɟɑˊŰɤůɖ Űɖɠ əŮɟŬɑŬɠ Űɞɡ ublox 6. 

 

ȼ ŰŮɚŮɡŰŬɑŬ ůŮɘɟɎ ŭɘŬɔɟŬɛɛɎŰɤɜ ŬűɞɟɎ ůŰɖɜ ˊŬɟɞɡůɑŬůɖ Űɞɡ ůűɎɚɛŬŰɞɠ 

ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ əɩŭɘəŬ ůŮ ɛɞɟűɐ skyplot.  
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ɳ̔ ˁˈ˄ʰ рΦ 26 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ɔɘŬ Űɞɜ ŭɏəŰɖ Trimble  

 

 

ɳʽˁˈ˄ʰ рΦ 27 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ɔɘŬ Űɞɜ ŭɏəŰɖ Leica 
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ɳʽˁˈ˄ʰ рΦ 28 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ɔɘŬ Űɞɜ ŭɏəŰɖ Javad  

 

 

ɳʽˁˈ˄ʰ рΦ 29 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ɔɘŬ Űɞɜ ŭɏəŰɖ ublox 6 
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ɳʽˁˈ˄ʰ рΦ 30 ɆűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ əɩŭɘəŬ ɔɘŬ Űɞɜ ŭɏəŰɖ ublox 7 

 

ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ŬɡŰɎ ŬˊŮɘəɞɜɑɕŮŰŬɘ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ Űɞɡ əɩŭɘəŬ ɔɘŬ Űɞɜ 

əɎɗŮ ŭɞɟɡűɧɟɞ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ŭɏəŰɖ. ȾŬɘ ůŮ ŬɡŰɧ Űɞ Ůɑŭɞɠ 

ŭɘŬɔɟŬɛɛɎŰɤɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ɑŭɘŬ ŮɘəɧɜŬ ŭɖɚŬŭɐ ɞɘ ŭɏəŰŮɠ ublox ɜŬ ɏɢɞɡɜ 

ɛŮɔŬɚɨŰŮɟɞ ůűɎɚɛŬ Ŭˊɧ Űɞɡɠ Ɏɚɚɞɡɠ əŬɘ ɞ ublox 7 ɜŬ ɏɢŮɘ  ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞɜ 6. ɆŮ 

ůɨɔəɟɘůɖ ɛŮ ŰŬ skyplot Űɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ, Ůŭɩ ŭŮɜ 

ŭɘŬəɟɑɜŮŰŬɘ əɎˊɞɘɞɠ ŭɞɟɡűɧɟɞɠ ɜŬ ŭɑɜŮɘ ɛŮɔŬɚɨŰŮɟɞ  ůűɎɚɛŬ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ ŭɞɟɡűɧɟɞɡɠ. ȹɖɚŬŭɐ ŰŬ ůűɎɚɛŬŰŬ Űɞɡ əɎɗŮ ŭɞɟɡűɧɟɞɡ ŭŮɜ ɏɢɞɡɜ 

ɛŮɔɎɚŮɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɞɡɠ ůŮ  ŬɜŰɑɗŮůɖ ɛŮ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ. 

 

5.3.3 Ɇūȷȿɀȷɇȷ ɄɃȿɈȷɁȷȾȿȷɆȼɆ ȿɃũɋ ȷɁȷȾȿȷɆɇȽȾȼɆ ȺɄȽūȷɁȺȽȷɆ 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɞ əŮűɎɚŬɘɞ 4, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɘŬ ŬɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ ɔɘŬ 

ɜŬ ˊɟɞəŬɚɏůŮɘ Ůˊɘˊɚɏɞɜ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ɔɘŬ Űɞɡɠ ˊɏɜŰŮ ŭɏəŰŮɠ Űɞɡ 

ˊŮɘɟɎɛŬŰɞɠ. ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ŭɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ ŮɑɜŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘəɐ 

ˊŮɟɑɞŭɞ əŬɘ ŭŮ ɏɢɞɡɜ ɧɚŬ Űɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ ŭɘɎɟəŮɘŬ.  
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ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ůűɎɚɛŬŰɞɠ ɚɧɔɤ ˊɞɚɡŬɜɎəɚŬůɖɠ  ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɔɘŬ Űɞɜ 

ŭɏəŰɖ Trimble ŮɑɜŬɘ: 

 

 

ɳʽˁˈ˄ʰ рΦ 31 ɄɞɚɡŬɜɎəɚŬůɖ ůɐɛŬŰɞɠ  

 

ɳʽˁˈ˄ʰ рΦ 32 ɄɞɚɡŬɜɎəɚŬůɖ əɩŭɘəŬ

 

 

ɳʽˁˈ˄ʰ рΦ 33 ɆɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

 

ɳʽˁˈ˄ʰ рΦ 34 ȾɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

 

 

ɳʽˁˈ˄ʰ рΦ 35 Skyplot ůɐɛŬŰɞɠ 

 

ɳʽˁˈ˄ʰ рΦ 36 Skyplot əɩŭɘəŬ 
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ũɘŬ Űɞɜ ŭɏəŰɖ Űɖɠ Leica ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ŮɑɜŬɘ : 

 

 

ɳʽˁˈ˄ʰ рΦ 37 ɄɞɚɡŬɜɎəɚŬůɖ ůɐɛŬŰɞɠ 

 

ɳʽˁˈ˄ʰ рΦ 38 ɄɞɚɡŬɜɎəɚŬůɖ əɩŭɘəŬ 

ȺɘəɧɜŬ 5.37  ȺɘəɧɜŬ 5.38  

 

ɳʽˁˈ˄ʰ рΦ 39 ɆɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

 

ɳʽˁˈ˄ʰ рΦ 40 ȾɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

 

ɳʽˁˈ˄ʰ рΦ 41 Skyplot ůɐɛŬŰɞɠ 

 

ɳʽˁˈ˄ʰ рΦ 42 Skyplot əɩŭɘəŬ 
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ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɞɜ ŭɏəŰɖ Javad ɛŮ Űɖɜ ŬɜŬəɚŬůŰɘəɐ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ: 

 

 

ɳʽˁˈ˄ʰ рΦ 43 ɄɞɚɡŬɜɎəɚŬůɖ ůɐɛŬŰɞɠ 

 

ɳʽˁˈ˄ʰ рΦ 44 ɄɞɚɡŬɜɎəɚŬůɖ əɩŭɘəŬ 

 

ɳʽˁˈ˄ʰ рΦ 45 ɆɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

 

ɳʽˁˈ˄ʰ рΦ 46 ȾɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

 

ɳʽˁˈ˄ʰ рΦ 47 Skyplot ůɐɛŬŰɞɠ 

 

ɳʽˁˈ˄ʰ рΦ 48 Skyplot əɩŭɘəŬ 

 

 

ũɘŬ Űɞɜ ŭɏəŰɖ ublox 6 ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŮɑɜŬɘ: 
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ɳʽˁˈ˄ʰ рΦ 49 ɄɞɚɡŬɜɎəɚŬůɖ ůɐɛŬŰɞɠ  

 

ɳʽˁˈ˄ʰ рΦ 50 ɄɞɚɡŬɜɎəɚŬůɖ əɩŭɘəŬ 

 

ɳʽˁˈ˄ʰ рΦ 51 ɆɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

 

ɳʽˁˈ˄ʰ рΦ 52 ȾɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

 

ɳʽˁˈ˄ʰ рΦ 53 Skyplot ůɐɛŬŰɞɠ 

 

ɳʽˁˈ˄ʰ рΦ 54 Skyplot əɩŭɘəŬ   
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ũɘŬ Űɞɜ ŭɏəŰɖ ublox 7 ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ŮɑɜŬɘ: 

 

 

ɳʽˁˈ˄ʰ рΦ 55 ɄɞɚɡŬɜɎəɚŬůɖ ůɐɛŬŰɞɠ 

 

ɳʽˁˈ˄ʰ рΦ 56 ɄɞɚɡŬɜɎəɚŬůɖ əɩŭɘəŬ 

 

ɳʽˁˈ˄ʰ рΦ 57 ɆɐɛŬŰɞɠ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

   

 

ɳʽˁˈ˄ʰ рΦ 58 ȾɩŭɘəŬ ůŮ ůɢɏůɖ ɛŮ ɔɤɜɑŬ 

 

ɳʽˁˈ˄ʰ рΦ 59 Skyplot ůɐɛŬŰɞɠ 

  

ɳʽˁˈ˄ʰ рΦ 60 Skyplot əɩŭɘəŬ   
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ɆŰɞɜ ˊɑɜŬəŬ 5.3 ŭɑɜɞɜŰŬɘ ŰŬ RMS Űɤɜ ůűŬɚɛɎŰɤɜ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ əŬɘ əɩŭɘəŬ. 

ɆɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ɛŮ Űɞɡɠ ˊɑɜŬəŮɠ 5.1 əŬɘ 5.2 ŮɑɜŬɘ ɝŮəɎɗŬɟɞ ɧŰɘ ɖ 

ŮůəŮɛɏɜɖ ŮɘůŬɔɤɔɐ ˊɟɧůɗŮŰɞɡ ůűɎɚɛŬŰɞɠ ɛŮ Űɖ ɢɟɐůɖ Űɖɠ ŬɜŬəɚŬůŰɘəɐɠ ŮˊɘűɎɜŮɘŬɠ ɚɑɔɞ 

ŮˊɖɟɏŬůŮ ŰŬ RMS Űɤɜ ůűŬɚɛɎŰɤɜ. Ⱥɜɩ Űɞ ůűɎɚɛŬ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ ˊŬɟɞɡůɘɎɕŮɘ 

əɎˊɤɠ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ ŰŬ ŬɜŰɑůŰɞɘɢŬ ůűɎɚɛŬŰŬ əɩŭɘəŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ɑŭɘŬ. Ƀɘ ɔŮɤŭŬɘŰɘəɏɠ 

əŮɟŬɑŮɠ űŬɑɜŮŰŬɘ ɧŰɘ ɏɢɞɡɜ űɘɚŰɟɎɟŮɘ ŮˊɘŰɡɢɩɠ Űɞ ŮůəŮɛɏɜɞ ůűɎɚɛŬ əŬɘ Ůˊɞɛɏɜɤɠ ɞɘ Űɘɛɏɠ 

Űɤɜ RMS ɛŮ əŬɘ ɢɤɟɑɠ Űɞ ŮůəŮɛɏɜɞ ůűɎɚɛŬ ŭŮ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ ůɖɛŬɜŰɘəɎ.  

 

ɇɨˊɞɠ ȹɏəŰɖ RMS ůɐɛŬŰɞɠ (cm) RMS əɩŭɘəŬ (cm) 

Trimble 5800 0.7 13 

Leica 1200 0.3 25 

Javad Triumph 0.58 15 

Ublox 6 0.52 44 

Ublox 7 0.44 33 

ʃʾ˄ʰˁʰˌ рΦ 3 RMS ůűŬɚɛɎŰɤɜ ˊɞɚɡŬɜɎəɚŬůɖɠ ůɐɛŬŰɞɠ ɔɘŬ əɎɗŮ Űɨˊɞ ŭɏəŰɖ 

 

Ƀɘ ŭɘŬűɞɟɏɠ Űɤɜ Ublox ŭŮəŰɩɜ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɔŮɤŭŬɘŰɘəɞɨɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɡɠ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ ɧˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɞɜ ɚɧɔɞ ɛŮŰŬɓɞɚɐɠ Űɤɜ ɛɏůɤɜ ɧɟɤɜ Űɤɜ ůűŬɚɛɎŰɤɜ. 

 

ũɘŬ Űɞɜ Ublox 6 ŭɑɜɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 5.4. 

 

Ublox 6 

ȹɏəŰɖɠ ɀŮŰŬɓɞɚɐ ɀɏůɞɡ ɧɟɞɡ 

RMS ɆɐɛŬŰɞɠ   RMS 

ȾɩŭɘəŬ 

RMS ɆɐɛŬŰɞɠ  ɀŮ 

Ⱥˊɘˊɚɏɞɜ ɆűɎɚɛŬ  

RMS ȾɩŭɘəŬ 

ɀŮ Ⱥˊɘˊɚɏɞɜ 

ɆűɎɚɛŬ 

Trimble 5800 -0,27 5.55 -0.26 2.38 

Leica 1200 3.67 1.57 0.73 0.76 

Javad Triumph -0,04 2.69 -0.10 1.93 

ʃʾ˄ʰˁʰˌ рΦ 4 ɀŮŰŬɓɞɚɏɠ ɛɏůɞɡ ɧɟɞɡ Űɞɡ Ublox 6 ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɔŮɤŭŬɘŰɘəɞɨɠ 

ũɘŬ Űɞɜ Ublox 7 ŭɑɜɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 5.5. 
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Ublox 7 

ȹɏəŰɖɠ ɀŮŰŬɓɞɚɐ ɀɏůɞɡ ɧɟɞɡ 

RMS ɆɐɛŬŰɞɠ   RMS ȾɩŭɘəŬ RMS ɆɐɛŬŰɞɠ ɀŮ 

Ⱥˊɘˊɚɏɞɜ ɆűɎɚɛŬ 

RMS ȾɩŭɘəŬ 

ɀŮ Ⱥˊɘˊɚɏɞɜ 

ɆűɎɚɛŬ 

Trimble 5800 -0.51 2.44 -0.37 1.54 

Leica 1200 2.16 0.35 0.46 0.32 

Javad Triumph -0.35 0.94 -0.08 1.2 

ʃʾ˄ʰˁʰˌ рΦ 5 ɀŮŰŬɓɞɚɏɠ ɛɏůɞɡ ɧɟɞɡ Űɞɡ Ublox 7 ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɔŮɤŭŬɘŰɘəɞɨɠ 

 

 

5.3.4 ɀȺɇȷȸɃȿȺɆ ȾȺɁɇɅɃɈ ūȷɆȼɆ ȾȺɅȷȽȷɆ  

 

Ƀ əŬɗɞɟɘůɛɧɠ ɗɏůɖɠ ɛŮ ɢɟɐůɖ ŭŮəŰɩɜ GNSS ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɖɚŮəŰɟɘəɧ əɏɜŰɟɞ űɎůɖɠ Űɖɠ 

əŮɟŬɑŬɠ. ȺɑɜŬɘ Űɞ ůɖɛŮɑɞ ɧˊɞɡ űŬɑɜŮŰŬɘ ɧŰɘ ŰŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ Ŭˊɧ ɧɚŮɠ Űɘɠ 

ˊɟɞůˊɑˊŰɞɡůŮɠ ŬəŰɑɜŮɠ ůɡůůɤɟŮɨɞɜŰŬɘ ůŰɖ űɎůɖ. ȽŭŬɜɘəɎ Űɞ əɏɜŰɟɞ űɎůɖɠ ŮɑɜŬɘ ɏɜŬ ŮɜɘŬɑɞ 

ůɖɛŮɑɞ ůŰɞ ɢɩɟɞ ɔɘŬ ɧɚŮɠ Űɘɠ ŭɘŮɡɗɨɜůŮɘɠ Űɞɡ ůɐɛŬŰɞɠ əŬɘ ůŮ ɧɚŮɠ Űɘɠ ůɡɢɜɧŰɖŰŮɠ. ȺɜŰɞɨŰɘɠ, 

ɛɘŬ əŮɟŬɑŬ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ˊŬɟɞɡůɘɎɕŮɘ ˊɞɚɚŬˊɚɎ ůɖɛŮɑŬ űɎůɖɠ ɐ ɏɜŬ əɏɜŰɟɞ űɎůɖɠ 

ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɜŬ çŬˊɤɗŮɑŰŬɘè Ŭˊɧ Űɖɜ əŮɟŬɑŬ əŬɗɩɠ ɖ ůɡɢɜɧŰɖŰŬ əŬɘ ɖ ɔɤɜɑŬ Űɞɡ 

ŭɞɟɡűɞɟɘəɞɨ ůɐɛŬŰɞɠ ˊɞɡ ŭɏɢŮŰŬɘ ɞ ŭɏəŰɖɠ ˊɞɘəɑɚɚɞɡɜ.  

ɀŮ ɢɟɐůɖ Űɞɡ antplot ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖ ɛŮŰŬɓɞɚɐ Űɞɡ əɏɜŰɟɞɡ űɎůɖɠ 

Űɖɠ əŮɟŬɑŬɠ (pcv- phase center variation) Űɞɡ ŭɏəŰɖ. ɆŮ ŬɡŰɧ ˊŬɟɞɡůɘɎɕŮɘ ůŮ skyplot Űɖ Űɘɛɐ 

Űɞɡ pcv ŬɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Űɞ ůɐɛŬ. ȳˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ ɏŰůɘ əŬɘ ůŮ 

ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ ɏɔɘɜŮ ɏɜŬ ŭɘɎɔɟŬɛɛŬ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ɢɤɟɑɠ ˊŬɟɏɛɓŬůɖ əŬɘ ɏɜŬ Ŭˊɧ 

ɛŮŰɟɐůŮɘɠ ɛŮ ˊɟɞůˊɎɗŮɘŬ ŮɘůŬɔɤɔɐɠ ŮůəŮɛɏɜɞɡ ůűɎɚɛŬŰɞɠ ˊɞɚɡŬɜɎəɚŬůɖɠ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ əɎɗŮ ŭɏəŰɖ ŮɑɜŬɘ ŰŬ ˊŬɟŬəɎŰɤ. 
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 PCV ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ŭɏəŰɖ Trimble 

 

 

ɳʽˁˈ˄ʰ рΦ 61 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əɏɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Trimble  

 

 

ɳʽˁˈ˄ʰ рΦ 62 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əɏɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Trimble  ɛŮ ŮůəŮɛɏɜɞ ůűɎɚɛŬ 
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PCV ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ŭɏəŰɖ Leica 

 

 

ɳʽˁˈ˄ʰ рΦ 63 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əŮɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Leica 

 

 

ɳʽˁˈ˄ʰ рΦ 64 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əɏɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Leica ɛŮ ŮůəŮɛɏɜɞ ůűɎɚɛŬ 
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PCV ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɞɜ ŭɏəŰɖ Javad 

 

 

ɳʽˁˈ˄ʰ рΦ 65 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Javad 

 

 

ɳʽˁˈ˄ʰ рΦ 66 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əɏɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Javad ɛŮ ŮůəɏɛŮɜɞ ůűɎɚɛŬ 
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PCV ŭɘɎɔɟŬɛɛŬ ɔɘŬ Űɞɜ ŭɏəŰɖ Ublox 6 

 

 

ɳʽˁˈ˄ʰ рΦ 67 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əɏɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Ublox 6 

 

 

ɳʽˁˈ˄ʰ рΦ 68 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əŮɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Ublox 6 ɛŮ ŮůəŮɛɏɜɞ ůűɎɚɛŬ 
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PCV ŭɘɎɔɟŬɛɛŬ ɔɘŬ Űɞɜ ŭɏəŰɖ Ublox 7 

 

 

ɳʽˁˈ˄ʰ рΦ 69 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əɏɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Ublox 7 

 

 

ɳʽˁˈ˄ʰ рΦ 70 ȹɘɎɔɟŬɛɛŬ ɛŮŰŬɓɞɚɐɠ əɏɜŰɟɞɡ űɎůɖɠ əŮɟŬɑŬɠ Ublox 7 ɛŮ ŮůəŮɛɏɜɞ ůűɎɚɛŬ 

 




























