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Abstract: With the development of electronic equipment such as total stations, GNSS, digital cameras, and computers, 

surveying and mapping technology has moved from analog measurement to the era of digital mapping. The field of surveying 

and mapping has ushered in earth-shaking changes. Using GNSS_RTK field-wide digital mapping is one of the most basic 

methods. It is more efficient than other field data collection and is widely used in topographic surveying. The increasing 

development of GNSS makes the production process more convenient and faster, and the advent of RTK technology also breaks 

the limitations of traditional conventional measurement methods, completes the accurate positioning in the coverage area of the 

reference station network, and also promotes the more in-depth application of RTK technology in the traditional field. Compared 

with traditional mapping technology, GNSS-RTK technology has the advantages of more efficient, more accurate, easy to save 

and convenient for later modification, etc., and well maintains the current trend of the result map. This paper discusses the GNSS-

RTK technology, the method of GNSS-RTK technology in field acquisition, and the application and accuracy analysis of GNSS-

RTK technology in field collection. 
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1. Introduction 

Due to the development of China's social economy, the 

total number of construction projects is also increasing, and 

construction projects are inseparable from surveying and 

mapping projects, with more and more problems in 

construction projects, surveying and mapping is becoming 

more and more difficult, in this process of continuous 

development, if still using traditional measurement methods 

has been difficult to meet the measurement needs. For 

example, in the determination of Mount Everest, it is already 

difficult to determine its height by traditional methods, and in 

order to meet the measurement needs, digital mapping 

technology was born. 

At present, more and more high-tech applications in the 

field of surveying and mapping, a variety of high-tech 

surveying and mapping instruments are numerous, of which 

GNSS-RTk is one of the most commonly used methods, is 

every engaged in surveying and mapping industry must be 

proficient in use, the emergence of each high-tech surveying 

and mapping instrument will bring new surveying and 

mapping technology. Although there are many kinds of high-

tech surveying and mapping instruments in the world, RTK is 

currently the most used surveying and mapping instrument in 

China, and GNSS-RTK technology is also China's 

mainstream mapping technology, which is used by the 

majority of surveyors and mapping workers. Although there 

are other more advanced mapping technologies, they have 

certain limitations considering that the cost of using other 

mapping technologies is too high. And the environmental 

requirements are relatively high. Therefore, given the low 

cost of GNSS-RTK, the environmental requirements are not 

high. GNSS-RTK still occupies the dominant position of 

surveying and mapping instruments in China. GNSS-RTK 

technology is a surveying technique that every surveyor must 

master proficiently. 

Compared with traditional mapping technology, GNSS-

RTK technology has the characteristics of high precision, 

simple control, portable equipment and all-weather work, 

which can realize accurate navigation and real-time rapid 

recording of points, ensure the accuracy and timeliness of 

lofting, ensure that points will not affect each other, and 

effectively avoid the accumulation of various errors. It is 

more accurate and easier to operate. In addition, when using 

GNSS technology to carry out engineering surveying work, 

due to good environmental applicability, construction 

monitoring can be carried out in various areas with dangerous 

terrain and poor measurement conditions, and remote control 

can be carried out without the need for survey technicians to 

arrive at the survey site, the difficulty of construction 

monitoring is greatly reduced, and the cost of testing is 

relatively low. Moreover, it is convenient, fast and accurate in 

field data collection; It has many advantages such as rich 

information, easy to save, query, modify, calculate, and 

design on the internal industry map. Therefore, at present, 

GNSS-RTK technology is widely used in education and 

scientific research, national defense construction, national 

economic engineering and other fields. 

2. Basic structure of GNSS-RTK 

The basic components of GNSS-RTK are generally divided 

into receiving devices, transmission devices, and related 

processing software. At present, most of the receivers use 

dual-frequency machines, and the transmission devices are 

currently more types, most of which are in the form of radio 

stations, and the widely distributed GSM signal is also 

mentioned in the urban vehicle control system as the main 

transmission carrier, and the signal zero-point five diameter 

of the radio station will also affect the size of the RTK 

operating area. The basic functions of the processing software 

must meet the following conditions: (1) can quickly count the 

unknown quantities throughout the week; (2) convert the 

coordinate system and elevation system; (3) can count the 

position of the user standing under WGS-84; (4) the quality 

of the calculation results is tested and analyzed; and (5) the 

data is represented and mapped. 
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3. GNSS-RTK measurement method 

1). No projection / no replacement algorithm: you can 

directly use the receiver to receive the WGS minus eighty-

four position from the base station and the rover, and then use 

the WGS minus eighty-four position of the known location of 

the monitoring, and the corresponding local location 

according to the corresponding mathematical model for 

conversion, through this way the basic station does not have 

to be set on the known point, but based on different 

transformation methods, it is necessary to monitor a 

considerable number of known points at the same time. 2). 

Type the parameter method to enter the WGS negative eighty-

four coordinate system and local coordinate system obtained 

by static observation into the operation handbook, and then 

through conversion, you can put in the conversion parameters 

obtained when the elevation adjustment is obtained with static 

observation, the basic station must be erected at a point, but 

other knowing points cannot be monitored (for verification, it 

is recommended to detect some quantities of knowing points 

at convenience) 

4. Application of GNSS-RTK in data 
acquisition 

4.1. Application of GNSS-RTK in horizontal 

displacement monitoring of dams in port 

engineering 

4.1.1. Monitoring point lofting application 

Most of the port engineering embankment monitoring 

projects are far from the shore, the location of the reference 

point needs to be set in a stable area not affected by 

construction on land, its location is far from the construction 

site, the working base point and the reference point are far 

away and affected by the site environment, and the reference 

point is often limited by conditions cannot be completely 

visible, so the use of traditional total station for lofting 

requires multiple transfers, after multiple transfers, its 

accuracy is greatly reduced and time-consuming. For the 

Qinzhou Port East Waterway Expansion Project Blowing and 

Filling Area Leveling Project Embankment Deformation 

Monitoring Project, at the beginning of the project, the on-site 

monitoring point lofting method was used by the total station 

polar coordinate lofting method. Because the lofting points of 

the embankment are far apart, and the lofting distribution is 

irregular, when using this lofting method, it is necessary to 

calculate the distance and angle of the reference point in 

advance to accurately complete the lofting of the on-site 

monitoring point. Compared with other types of lofting 

methods, although polar lofting of total stations can improve 

lofting efficiency to a certain extent, the improvement range 

is very limited. 

4.1.2. Horizontal displacement static measurement 

applications 

Horizontal Displacement Static Measurement Reliability 

Analysis As far as the embankment monitoring is concerned, 

most of the horizontal displacement monitoring work is done 

by the total station. However, because the horizontal 

displacement measurement using the total station is based on 

the polar coordinate method, the observation results will 

inevitably be changed by changes in observation distance and 

visual conditions. In contrast, the GNSS-RTK measurement 

method can transmit signals with the help of its satellites, 

which can effectively avoid the drawbacks of total stations in 

the application of horizontal displacement monitoring of 

embankments. 

4.2. Application of GNSS-RTK in gas pipelines 

The two most common functions of GNSS-RTK equipment 

in the gas industry are broken step detection and spot lofting, 

and the following will focus on the use of these two functions. 

One step measurement function application: (1) as-built 

measurement. Completion survey refers to the establishment 

of a database of measurement data and project-related data 

information by internal personnel after all field surveys and 

acceptance before the gas pipeline is covered with soil. The 

location data and related attribute data of the pipeline after the 

library are compressed into the GIS management system 

database, and this information is combined with terrain 

information to form the basic information of the GIS 

management system. The information system can provide 

basic data management support for pipeline information 

operation and maintenance management, design, customer 

development and other work in the later stage: (2) pipeline 

information and equipment census data analysis. Census data 

mapping was carried out for the old pipeline equipment that 

had been laid and built, and the GNSS-RTK technology and 

pipeline detector were used to detect old and obsolete 

pipelines as the basic elements, and the data was submitted to 

the GIS management system to maintain the integrity of urban 

gas digital pipeline information. (3) Pipeline checking. Since 

third-party construction and pipeline transformation need to 

carry out pipeline construction, if the buried pipeline is 

exposed, the GNSS-RTK device can be used to achieve 

accurate positioning, and the location coordinates can be 

corrected with the corresponding pipe position in the GIS 

management system, and the correctness of the GIS system 

data can be known, and the pipelines and devices with large 

deviations in the GIS management system are effectively 

checked and corrected, and the authenticity of pipeline data is 

improved through large-scale excavation and verification. (4) 

Important data marking. For pipeline emergency repair, 

maintenance and other working conditions, GNSS-RTK can 

be used to monitor and change pipeline conditions and 

facilities, record relevant information such as emergency and 

maintenance points, establish relevant thematic layers in the 

GIS management system, and use powerful data processing 

risk analysis and comprehensive assessment of pipeline 

conditions, so as to facilitate the implementation of later 

maintenance and other management work. 

4.3. Application of GNSS-RTK in road survey 

The GNSS positioning method has shown strong socio-

economic benefits and scientific and technological 

superiority because of the technical advantages of the 

measurement point without mutual visibility, the 

measurement work process is manual, all-weather, the data is 

accurate, the work is efficient, and the connection mode and 

accuracy between the ground points have little to do with it, 

and it shows strong socio-economic benefits and scientific 

and technological superiority. The application of GNSS in 

road survey is as follows 

1). The layout of the control network should be carried out 

according to the topographic conditions of the measured area 

and the actual condition of the measuring device owned by 

the operating unit, and the two factors of the operation effect 

and the required economic cost should be taken into account. 



 

23 

In the case that the sky of the survey area is relatively wide, 

the GNSS method should be used as an option, that is, when 

the GNSS technology is used to realize the work of laying the 

control network, the known position should be laid first, and 

then the wire should be used to detect, and the encrypted 

action of the laid control network should be completed. Once 

the operators who have realized the deployment of the control 

network have enough GNSS technology, they cannot take the 

step-by-step measurement method, or they can directly use 

the GNSS method to lay out all the control areas once. 

2). The monitoring operation of GNSS and field 

monitoring GNSS must be prepared in advance and unified 

scheduling instructions during operation, but because the 

actual situation is more complicated, it needs to be handled 

flexibly during implementation. For the GNSS point 

observation work carried out according to the technical 

conditions of one minus three-layer conductor, under the 

premise of strictly implementing the predetermined operation 

plan, the measurement section and public station settings can 

be changed according to the observation requirements of the 

measuring station, road conditions, the length of the building 

baseline, etc., and the monitoring period can be reduced or 

extended accordingly. 

3). Baseline and Variance Work Although the software used 

to achieve baseline solution and differential work is different, 

it can be divided into the following process in general. (1) 

Inject data related to observations made by GNSS receivers 

into the computer. (2) By setting appropriate solution 

parameters, the baseline solution work is realized. (3) 

Complete the unqualified baseline solution again by setting 

the appropriate technical parameters. (4) Measure accuracy to 

the baseline of GNSS. (5) Complete the mutual conversion 

between the two-dimensional adjustment and the coordinate 

map system. (6) Convert the earth height to normal elevation 

through teaching fitting 

5. Summary 

With the development of science and technology, GNSS-

RTK digital mapping technology is also constantly improving, 

and I believe that the hard measurement work will become 

easier and easier in the near future. With the development of 

science and technology, one day GNSS-RTK digital mapping 

technology may be eliminated and replaced by other more 

advanced surveying and mapping technologies. However, at 

present, because the domestic Beidou satellite navigation 

technology has not yet fully formed, and the United States has 

a technical monopoly on GPS, the cost of GPS is very high. 

Therefore, at present, GNSS-RTK digital mapping 

technology is still the main mapping method in China. In the 

field of surveying and mapping, GNSS-RTK digital mapping 

technology still plays a pivotal role. 
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