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 UAVs with RTK technology offer high-accuracy aerial mapping, 
with RTK Radio and RTK NTRIP as two correction methods 
affecting orthomosaic precision. While previous studies 
compared these methods in terrestrial surveys, their impact on 
UAV-based orthomosaics remains underexplored. This research 
evaluates and compares the accuracy of UAV-derived 
orthomosaics using RTK Radio and RTK NTRIP to provide 
practical guidance for optimal mapping applications. This 
research combined UAV RTK photogrammetry and GIS to 
produce high-precision aerial maps in two areas of Padang City 
with different topographies. Data were collected using DJI 
Mavic 3 Enterprise RTK with RTK Radio and RTK NTRIP 
techniques, supported by GCPs, BMs, and satellite imagery, then 
processed into orthomosaics for analysis. Accuracy was assessed 
using ICPs and statistical measures like RMSE to compare the 
spatial precision of both correction methods under varying 
terrain conditions. The results show a difference in mapping 
accuracy between RTK Radio and RTK NTRIP aerial 
photographs, with RTK Radio achieving 0.683 accuracy and 
0.450 RMSE, while RTK NTRIP reached 0.563 accuracy and 0.371 
RMSE. RTK Radio is more suitable for areas lacking CORS access 
but still requires GCP verification. RTK NTRIP performs better 
in urban areas with strong CORS networks. Combining both 
methods with adequate GCPs provides an effective solution for 
mapping in varied or densely vegetated terrains. 
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INTRODUCTION 
Unmanned Aerial Vehicles (UAVs) or 

drones are technological innovations that 
have evolved significantly since their 
development in the mid-18th century, with 
continuous adjustments in both technology 
and applications. Initially prominent in the 
military, drones are now utilized at various 
levels while also presenting a spectrum of 
potential threats (Firmansyah & Puspitasari, 
2021). In addition, the use of drones is also 
used to identify the phenomenon of forest 
areas and their changes (Fa’iq et al., 2022). 
toDrone technology can also be used to map 
administrative boundaries and estimate and 

map built-up land fields(Prihantarto et al., 
2024; Ismail et al., 2024). Using drones for 
environmental mapping, natural resources, 
land use, aquatic and marine objects, and 
other themes is also widely carried out by 
various related parties. 

UAV technology provides superior 
spatial and temporal resolution, is 
unaffected by clouds, and produces large-
scale remote sensing imagery (Dlamini & 
Ouma, 2025; Warsito, 2021). This is achieved 
through camera sensors that capture objects 
on the Earth’s surface. UAVs are equipped 
with high-resolution cameras capable of 
controlled movement (Stefano, 2020; Rauzan 
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& Yulianti, 2022). The accuracy of aerial 
imagery depends on planimetric accuracy, 
with GCPs serving as anchor points for map 
coordinates (Moniaga et al., 2024). Unlike 
satellite imagery, UAVs are more flexible 
and easier to operate with automated 
control, making them an effective alternative 
for mapping applications. 

In aerial data acquisition, Post 
Processed Kinematic (PPK) and Real Time 
Kinematic (RTK) techniques are commonly 
used. PPK applies corrections from CORS or 
Virtual Reference Stations after the flight, 
using reference point data downloaded from 
the Indonesian Geospatial Reference System 
(SRGI) (Nakata et al., 2023).  Different RTK 
technology, which can connect directly to a 
reference station in real time, uses a radio or 
internet connection (Broekman & Gräbe, 
2021). For positioning using the RTK 
method, real-time data will collect phase 
data, pseudorange, and correction data from 
reference stations using NTRIP as a 
communication medium (Ashary et al., 
2023).  

Data acquisition techniques greatly 
influence the accuracy of the mapping. 
PPK's aerial photo acquisition technique is 
carried out by correcting the control points 
after acquiring aerial photos. It is different 
from RTK, which is carried out in real time 
at the time of acquisition of aerial images. 
This difference, of course, causes a difference 
in accuracy in aerial photographs. Using 
aerial photographs combined with the RTK 
method can help in terms of cost and 
scalability to produce precise aerial pictures 
with high and sharp resolution (Bina et al., 
2025). However, there is no difference in 
spatial resolution between the two 
acquisition techniques above.  

Using the RTK method makes it very 
easy for surveyors to obtain position or 
location data quickly without requiring a 
reference base at the mapping location based 
on DGPS procedure using a radio modem, 
so the process of sending data can be sent in 
real-time (Fiqri & Yulianandha, 2023; Budi et 
al., 2022). The acquisition of aerial photo 
data using RTK is increasingly relevant, with 
many UAV vendors such as DJI embedding 
RTK modules in their drones over the last 

five years. RTK is key in enhancing spatial 
accuracy for mapping applications 
(Sugandhi et al., 2023). Through RTK 
correction, the object's position always goes 
hand in hand with the aerial photo 
acquisition process.  

The data generated from this RTK has 
high accuracy and is also spatially precise, so 
this data can be used for various jobs, such 
as surveying, construction, hydrographic 
surveys, and other related to mapping and 
generating spatial data (Kanplumjit et al., 
2024). Usually, the accuracy resulting from 
this RTK method can reach 1-5 cm, where 
this accuracy range has reached a very good 
condition (Rizkia et al., 2022). RTK aerial 
photo acquisition technique generally 
consists of radio RTK and RTK Networked 
Transport of RTCM via Internet Protocol 
(NTRIP).  

RTK NTRIP is a relative positioning 
method based on GNSS observations that 
applies GPS data correction via an internet 
connection. Utilizing a CORS station as a 
permanent reference enables real-time 
transmission of position corrections 
remotely from the base station (Bangun & 
Susilo, 2025). RTK NTRIP uses the RTCM 
format from the Radio Technical 
Commission for Maritime Services as the 
radio navigation and maritime 
communication standard. Unlike RINEX, 
which is used for post-processed data, 
NTRIP delivers real-time position 
corrections that can be applied instantly 
(Mukti & Hanafi, 2022). 

However, factors that affect the 
accuracy of the RTK NTRIP method are 
influenced by the length of the baseline 
between the CORS station and the rover, and 
aspects of the observation environment also 
affect the observations (Ramadhon, 2020). 
Because the RTK NTRIP method uses a base 
station, which means that if the distance 
between the rover and the reference station 
(base station) is too far or obstructed by tall 
objects, it will block the base station signal to 
the rover (Fiqri & Yulianandha, 2023). So, the 
utilization of the RTK NTRIP method is open 
and accessible so that it's possible to perform 
positioning with a high level of accuracy, 
and it's no longer difficult to achieve 
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positioning in real time (Gautama et al., 
2024). 

RTK Radio is a method that uses radio 
signals to transmit corrections from a base 
station in the BM field to the GNSS rover, 
applying Differential Data Code and Carrier 
Phase in real time (Ahmad et al., 2024). It can 
also be defined as a technique for 
transmitting correction data via radio waves 
to obtain accurate positions in the field 
Mahendra & Panuntun (2022). GCPs are 
crucial in research on orthomosaic accuracy 
comparisons using RTK UAV and RTK 
NTRIP because their positions directly affect 
aerial orthomosaic results (Arkalı & Atik, 
2025). The number and distribution of GCPs 
must be considered, especially in varied 
topographic conditions (Widodo et al., 
2023). Orthomosaic accuracy in aerial 
photography depends largely on GCP 
placement, number, and distribution under 
different topographies. 

UAV technology provides detailed 
photo maps while improving spatial data 
quality and accuracy. These improvements 
can be supported by integrating terrestrial 
surveys, photogrammetry, and satellite 
observations (Fahruddin & Mujiburohman, 
2024). Many previous researchers have 
researched the use of UAV technology. 
UAVs and GNSS can be used for accurate 
aerial photography, where UAVs are used to 
take photos, while GNSS acts as a reference 
point for UAV images to obtain precise 
images and precision of mapping (Marwan 
et al., 2020; Sugandhi et al., 2023). This 
research has the same objective related to 
using UAVs for mapping. However, the 
main study in this study is the application of 
RTK techniques to DJI drones, which has not 
been explored further. 

The demand for fast and accurate 
mapping is very high in the modern era, 
especially in urban areas and regions with 
complex topography. Using UAVs with RTK 
technology provides an efficient solution in 
terms of time and cost. However, the 
presence of two correction communication 
methods, namely RTK Radio and RTK 
NTRIP, presents specific challenges in 
selecting the most appropriate approach 
depending on field conditions. 

Several previous studies have 
compared the accuracy of GNSS using RTK 
Radio and RTK NTRIP, particularly in 
terrestrial measurements or land surveys. 
Research conducted Mahendra & Panuntun 
(2022) in Yogyakarta revealed that RTK 
Radio provided higher precision than RTK 
NTRIP in fourth-order measurements. 
Another study Maliak et al. (2022) in 
Makassar indicated that RTK Radio yielded 
better RMSE values for positioning than 
RTK NTRIP. However, those works focused 
more on ground-based measurements and 
did not extensively explore the application 
of both methods in UAV-based mapping for 
orthomosaic production. In fact, 
orthomosaic accuracy is additionally 
influenced by factors such as GNSS baseline 
length, distribution of ground control points, 
topographic conditions, and more complex 
photogrammetric processing. This research 
gap highlights the need for a deeper 
examination specifically addressing the 
comparison of RTK Radio and RTK NTRIP 
in aerial mapping. 

This research aims to evaluate and 
compare the accuracy of UAV-derived 
orthomosaics obtained through RTK Radio 
and RTK NTRIP methods. It also seeks to 
identify how differences in correction 
techniques affect the spatial quality of the 
orthomosaic. Furthermore, this research is 
expected to provide practical 
recommendations for selecting an 
appropriate acquisition method that aligns 
with mapping conditions, thereby 
producing more accurate results that can be 
optimally applied to various spatial analysis 
needs. 

 
RESEARCH METHODS 

This research employed a combined 
photogrammetry approach using UAV RTK 
technology and a Geographic Information 
System (GIS). The UAV RTK method is 
known to produce high-precision aerial 
photographs with vertical accuracy up to 
±2.5 cm even without Ground Control Points 
(GCPs) (Niu et al., 2024). The integration 
with GIS further ensured that spatial data 
could be processed and analyzed effectively 
to evaluate mapping accuracy. 
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Research Location 
The research was conducted in Padang 

City, West Sumatra, focusing on two areas 
with different topographic characteristics. 
The first location was the coastal area of 
Padang Beach, which represents flat terrain 
with minimal obstructions. The second 
location was the Padang State Polytechnic 
area and its surroundings, characterized by 
undulating terrain with vegetation and 
built-up areas. The selection of these two 
sites was intended to assess how 
topographic variability influences UAV RTK 
mapping accuracy, since terrain 
characteristics have been shown to 
significantly affect orthophoto and Digital 
Elevation Model (DEM) quality (Zeybek et 
al., 2023). 

 
Research Instruments 

Several instruments were utilized to 
support this research, including: 
1. UAV Dji Mavic 3 Enterprise RTK  
2. GNSS Dji D-RTK2 
3. Ground Control Point (GCP) 
4. Benchmark (BM) 
5. PlanetScope Satellite Imagery 
6. SASPlanet Satellite Imagery 
7. RBI Map of Padang City at a scale of 

1:25,000 
 

Data Collection Techniques 
The data collection process began with 

UAV preparation and flight planning using 
GIS and Google Earth software. Each UAV 
battery covered approximately 10–20 
hectares, with flight paths to avoid image 
gaps. The DJI D-RTK2 base station was 
installed at predetermined BM and 
GCP/ICP locations. Two data acquisition 
techniques were applied: RTK Radio with 
six GCP/ICP points and RTK NTRIP with 
eight GCP/ICP points. Data collection was 
performed autonomously based on the 
default DJI settings, with the UAV 
functioning as a GNSS rover to capture 
aerial photographs. 
 
Data Processing Techniques 

The acquired aerial photographs were 
processed using photogrammetry software 
to generate orthomosaics for RTK Radio and 

RTK NTRIP datasets. The orthomosaics 
were further processed and evaluated using 
GIS software to extract coordinate values 
and calculate mapping accuracy. This 
workflow ensured consistency in processing 
parameters across both correction 
techniques, allowing for a fair comparison. 
 
Data Analysis Techniques 

Data analysis focused on assessing the 
accuracy of the orthomosaics produced by 
RTK Radio and RTK NTRIP. Accuracy was 
evaluated using Independent Check Points 
(ICP) by calculating Root Mean Square Error 
(RMSE), mean coordinate deviation, and 
overall accuracy index. These statistical 
indicators provided a comprehensive 
assessment of spatial precision and 
consistency. The comparison between the 
two methods was then discussed concerning 
terrain conditions and external influencing 
factors such as signal quality, baseline 
length, and atmospheric conditions. 
 
RESULTS AND DISCUSSION 
Data Acquisition and Orthomosaic 
Generation 

The research aims to compare the 
accuracy of mapping results using UAV 
technology with acquisition techniques 
using RTK Radio and RTK NTRIP. The 
research began with the initial stage, 
preparing the DJI Mavic 3 Enterprise UAV 
and the DJI D-RTK2 base station. The next 
stage is to prepare a flight plan according to 
the battery capability. Each battery can cover 
an area of 10-20 ha. In preparing flight plans 
using GIS and Google Earth software. 
However, the preparation of flight plans can 
also be done directly on the UAV remote 
control. Then, in preparing the flight plan, it 
must also ensure no gaps in each and include 
a number.  

The DJI base station was installed on 
predetermined benchmarks, ground control 
points (GCP), and independent check points 
(ICP), with six points used for RTK Radio 
acquisition and eight points for RTK NTRIP. 
The research covered two areas with 
different terrain characteristics, namely the 
hilly eastern part of Padang City and the 
coastal area of Padang Beach. The limited 
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availability of benchmarks in the hilly area 
restricted the number of control points, as 
only one benchmark could serve as a GCP, 
which may have influenced mapping 
accuracy. In contrast, the coastal site applied 
RTK NTRIP with eight distributed control 
points, providing better coverage across the 
area of interest. 

Furthermore, aerial photo data was 
acquired using RTK Radio and RTK NTRIP. 
The data acquisition mechanism is carried 
out autonomously based on the DJI default 
settings. However, before acquiring aerial 
photographs, the UAV, which is assumed to 
be a GNSS rover, must identify the GCP and 
ICP coordinate points.  

After that, the data acquisition process 
can be carried out according to the flight 
plan. The data processing stage is carried out 
after acquiring aerial photo data. Aerial 
photo data processing was carried out to 
obtain orthomosaic data using two 
techniques: RTK Radio and RTK NTRIP. 
Data processing was done using 
photogrammetry software. The orthomosaic 
data was processed again on GIS data 
processing software to obtain mapping 
accuracy information. 

This research was conducted in two 
contrasting areas: the Padang State 
Polytechnic, with buildings and vegetation 
that cause signal interference, and the 
relatively open Padang Coastal area. In flat 
and open terrain, both RTK Radio and RTK 
NTRIP orthomosaics achieved high 
accuracy, although RTK Radio was more 
stable because it did not rely on internet 
connectivity. RTK NTRIP, however, was 
more advantageous for wider coverage 
without requiring a local base station. In 
hilly or obstructed terrain, both methods 
experienced reduced accuracy, making the 
choice of correction technique dependent on 
topographic conditions and internet 
availability. 

Based on other studies, various errors 
were observed depending on the UAV flight 
altitude, terrain characteristics, and 
availability of GCP. The average mistake 
without GCP is around 0.040–0.50, while the 
error with GCP is around 0.30–0.37 in areas 
with topography between 440–500 m above 

sea level. Meanwhile, in another study using 
the RTK-NTRIP method in an area flanked 
by two buildings, the accuracy achieved 
from these measurements reached ≤5 cm. 
Furthermore, in another study using the 
RTK Radio method in an obstruction-free 
location, the accuracy of the RTK Radio 
method resulted in an RMSE value of 0.2571 
m, with an average error of 0.135 m between 
points, and an RMSE value of 0.2509 m, and 
an average difference in land area of 4.778 
m². 

The accuracy comparison based on 
this latest study with previous studies may 
occur due to several factors, depending on 
the conditions of the measured area. Some 
factors, such as open areas without obstacles, 
have high accuracy with smaller RMSE 
values. Additionally, it depends on the flight 
altitude of the UAV and terrain 
characteristics, and in urban areas, it can 
produce high accuracy. 

Based on the orthomosaic accuracy 
test results in Tables 1 and 2, differences 
between the orthomosaics produced using 
the RTK Radio and RTK NTRIP techniques 
can be observed. The orthomosaic generated 
by RTK Radio produced an RMSE of 0.450 
m, whereas the orthomosaic from RTK 
NTRIP yielded a lower RMSE of 0.371 m. 
This indicates that, statistically, RTK NTRIP 
provides higher precision than RTK Radio at 
the tested ICP points. The mean coordinate 
deviation obtained with RTK Radio was 
0.202 m, while RTK NTRIP produced a lower 
mean deviation of 0.138 m. This difference 
suggests that the systematic deviation of the 
RTK NTRIP orthomosaic is relatively 
smaller compared to RTK Radio. However, 
the accuracy index of the RTK Radio 
orthomosaic was recorded at 0.683, which is 
higher than the accuracy index of RTK 
NTRIP at 0.563. These findings indicate that 
although RTK NTRIP produced smaller 
mean errors and lower RMSE values, RTK 
Radio demonstrated better consistency 
across the distribution of test points. 

The difference in accuracy values 
between orthomosaics produced using RTK 
Radio and RTK NTRIP is not solely 
determined by the correction method 
applied, but can also be influenced by 
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various external field factors such as weather 
conditions, signal interference, and baseline 
distance. Three primary factors contributing 
to variations in the results are atmospheric 
conditions, communication signal 
interference, and the distance between the 
base station and the rover (UAV). In the RTK 
NTRIP method, CORS networks typically 
employ more advanced atmospheric 
correction models, making them more 
effective in mitigating atmospheric effects 
than RTK Radio. 

Signal interference can result from 
physical obstructions, multipath reflections, 
or electromagnetic disturbances from other 
devices. RTK Radio highly depends on the 
line-of-sight quality between the base station 
and the rover. If obstructions are present, the 
radio signal may weaken or be disrupted, 
thereby reducing the stability of corrections. 
RTK NTRIP, while generally more resilient 
to physical obstructions, remains vulnerable 
to internet connectivity quality. If 
disruptions occur in the cellular network or 
data packets are lost, the corrections 
received by the UAV may be delayed, 
resulting in positioning errors. 

The accuracy of RTK Radio also 
decreases as the distance between the base 

station and the rover increases, since the 
correction model loses precision over longer 
baselines. Its effective range is typically 
limited to only a few kilometers, depending 
on transmission power and topographic 
conditions. RTK NTRIP, on the other hand, 
is more flexible as it utilizes CORS reference 
networks that can cover longer baselines. 
However, the farther the UAV is from the 
reference station used by the NTRIP caster, 
the greater the likelihood of residual errors, 
which can reduce positional accuracy. 

 
Accuracy Assessment of Orthomosaic 
Maps 

To evaluate the accuracy of the 
orthomosaic maps generated using RTK 
Radio and RTK NTRIP techniques, a series 
of tests was conducted by comparing the 
orthomosaic coordinates with Independent 
Check Points (ICP). The results of this 
assessment provide a quantitative measure 
of positional deviation, expressed through 
Root Mean Square Error (RMSE), mean 
coordinate differences, and overall accuracy 
index. The detailed outcomes of these 
accuracy tests are presented in the following 
tables. 

 
Table 1. Accuracy Test of Orthomosaic Map Results Based on RTK Radio Processing  

No Point 
Name 

X X 

(D X) (D X)˄2 

Y Y 

(D 
Y) 

(D 
Y)˄2 

(D X)˄2 + (D 
Y)˄2 (ICP 

Coordinates) 
(Orthomosaic 
Coordinates) 

(ICP 
Coordinates) 

(Orthomosai
c 

Coordinates) 

A B C D E F G H I J K 

1 BM 01 663871,46 663871,431 -0,033 0,001 9899247,349 9899248,123 0,77
4 0,599 0,600 

2 T2 664351,88 664351,800 -0,089 0,008 9899265,039 9899264,732 
-

0,30
6 

0,094 0,102 

3 PM 03 664504,44 664504,380 -0,067 0,004 9899510,905 9899511,124 0,21
9 0,048 0,052 

4 T4 663488,42 663488,481 0,056 0,003 9899038,584 9899038,976 0,39
2 0,154 0,157 

5 T6 663144,08 663144,395 0,312 0,097 9898881,695 9898881,448 
-

0,24
7 

0,061 0,158 

6 T7 663061,30 663061,002 -0,301 0,090 9899078,24 9899078,291 
-

0,23
3 

0,054 0,145 

 

Amount 1,214 
Average 0,202 

RMSE 0,450 
Accuracy 0,683 

(Source: Research Results, 2024) 
The accuracy test results based on RTK 

Radio processing, as presented in Table 1, 
show that the mean coordinate deviation 

reached 0.202 m, while the RMSE value was 
0.450 m. The accuracy index obtained was 
0.683, indicating that the RTK Radio method 
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maintained a relatively stable level of 
accuracy across Independent Check Points 
(ICP). These findings emphasize that RTK 
Radio is quite reliable, particularly when the 
availability of internet connectivity in the 
field is limited or unstable. 

Another important aspect is that RTK 
Radio still requires a clear line-of-sight 
connection between the UAV rover and the 
base station. This condition makes the 
method more sensitive to topographic 

obstacles or physical barriers, which may 
influence the overall accuracy level. Even so, 
the relatively stable performance shown by 
the RTK Radio method makes it a viable 
option in locations with adequate visibility 
and minimal interference. 

The same accuracy test was conducted 
on orthomosaic maps generated using the 
RTK NTRIP method. The detailed results of 
this assessment are presented in Table 2. 

 
Table 2. Accuracy Test of Orthomosaic Map Results Based on RTK NTRIP Processing 

No Point 
Name 

X X 

(D X) (D X)˄2 

Y Y 

(D Y) (D Y)˄2 (D X)˄2 + 
(D Y)˄2 (ICP 

Coordinates) 

(Orthomosa
ic 

Coordinate
s) 

(ICP 
Coordinates) 

(Orthomosaic 
Coordinates) 

A B C D E F G H I J K 

1 T1 650492,510 650492,567 0,057 0,003 9893550,485 9893550,615 0,130 0,017 0,020 

2 T2 650476,866 650476,769 -0,097 0,009 9893564,728 9893564,552 -0,177 0,031 0,041 

3 T5 650513,230 650513,430 0,200 0,040 9894526,069 9894525,979 -0,090 0,008 0,048 

4 T6 650486,269 650486,046 -0,223 0,050 9894509,937 9894509,958 0,021 0,000 0,050 

5 T7 650427,128 650427,072 -0,056 0,003 9895388,932 9895389,276 0,344 0,118 0,121 

6 T8 650353,302 650353,400 0,098 0,010 9895395,733 9895395,496 -0,237 0,056 0,066 

7 T11 650112,851 650112,426 -0,425 0,181 9897053,325 9897053,344 0,019 0,000 0,181 

8 T14 650401,609 650401,005 -0,603 0,364 9896474,539 9896474,998 0,459 0,211 0,575 

 

Amount 1,101 

Average 0,138 

RMSE 0,371 

Accuracy 0,563 

(Source: Research Results, 2024 
 

The RTK NTRIP accuracy test results, 
shown in Table 2, indicate that the mean 
coordinate deviation was 0.142 m, with an 
RMSE value of 0.290 m and an accuracy 
index of 0.812. Compared to RTK Radio, the 
RTK NTRIP method demonstrated higher 
positional accuracy, consistent with the 
advantages of utilizing CORS-based 
corrections. These findings also emphasize 

the potential of RTK NTRIP for wider-area 
mapping applications where local base 
station deployment may not be feasible. 

Figures 1 and 2 provide a visual 
comparison to further illustrate the 
distribution of deviations and accuracy 
differences between RTK Radio and RTK 
NTRIP. 
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Figure 1. Orthomosaic Map Based on RTK Radio Processing (Source: Research Results, 2024)

 
Figure 1 shows the orthomosaic map 

generated using UAV aerial photos processed 
with RTK Radio. The visual output 
demonstrates that the method can produce a 
continuous and detailed mosaic that covers 
the area of interest in eastern Padang. The 
orthomosaic appears accurate in open spaces; 
however, slight positional discrepancies are 

noticeable in regions dominated by hills, 
vegetation, and built-up environments. These 
variations reflect the influence of terrain 
conditions on the stability of RTK Radio 
corrections, which rely heavily on 
maintaining a clear line-of-sight connection 
with the base station. 

 
Figure 2. Orthomosaic Map Based on RTK NTRIP Processing (Source: Research Results, 2024)
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Figure 2 presents the orthomosaic map 
generated from UAV aerial photographs 
processed using the RTK NTRIP method. 
The resulting orthomosaic provides a 
detailed and continuous representation of 
the Padang coastal area, showing both land 
and coastal structures with high positional 
accuracy. This visual output highlights the 
effectiveness of RTK NTRIP in producing 
precise spatial data without the need for a 
local base station, relying instead on 
correction data from CORS networks. The 
clarity of built-up areas, road networks, and 
coastal protection structures further 
illustrates the advantages of RTK NTRIP for 
wide-area mapping applications, 
particularly in urban environments where 
internet connectivity is available and stable. 

 
Comparative Analysis and Influencing 
Factors 

This research places two correction 
techniques, RTK Radio and RTK NTRIP, 
within a single uniform accuracy testing 
framework. The results show that accuracy 
cannot be generalized because it is 
influenced by topography and supporting 
infrastructure. The main finding is that RTK 
Radio provides more consistent results, with 
a higher accuracy index, while RTK NTRIP 
offers greater positional precision, with a 
lower RMSE. This indicates that the choice of 
correction method should depend on the 
mapping purpose, such as land change 
monitoring that requires consistency or 
detailed surveys that demand high 
positional precision. 

These findings align with Mahendra & 
Panuntun (2022) those who compared GNSS 
with RTK Radio and RTK NTRIP for land 
measurement in Yogyakarta. They found 
that RTK Radio is superior in maintaining 
positional stability, especially with poor 
internet quality. This supports the present 
study’s finding that RTK Radio remains 
reliable in areas with limited connectivity. In 
contrast, Rizkia et al. (2022) reported that 
RTK NTRIP provides higher accuracy for 
land mapping in urban areas. This is 
consistent with the current research, which 
found lower RMSE for RTK NTRIP. 
Nevertheless, RTK Radio retains an 

advantage in consistency across test points. 
This comparison demonstrates that the two 
methods do not cancel each other out, but 
each has strengths under different 
conditions. 

Dlamini & Ouma (2025) Their research 
on large-scale topographic mapping using 
UAV and RTK-GNSS also emphasized the 
strong influence of field conditions on 
accuracy. They showed that areas with 
complex topography or dense vegetation 
tend to reduce data quality. Similarly, in this 
study, the accuracy of both RTK Radio and 
RTK NTRIP decreased in hilly or built-up 
areas, while it was higher in open coastal 
regions. 

Besides the correction method, the 
number and distribution of Ground Control 
Points (GCPs) also affect accuracy. In this 
study, RTK Radio used six GCPs, while RTK 
NTRIP used eight. The higher GCP density 
in RTK NTRIP likely contributed to the 
lower RMSE. This is consistent with Widodo 
et al. (2023) those who highlighted the 
importance of GCP distribution in 
improving orthomosaic accuracy, 
particularly in regions with varied 
topography. 

These results indicate that the choice of 
method should match field conditions. RTK 
Radio is more suitable for areas with limited 
internet access, while RTK NTRIP is better 
for urban or open areas with reliable CORS 
support. Combining both methods with 
adequate GCPs can produce more accurate 
maps for diverse purposes. The novelty of 
this research lies in clearly separating two 
dimensions of orthomosaic quality, 
consistency and positional precision, within 
a single testing framework. This enhances 
understanding from previous research by 
showing that RTK Radio and RTK NTRIP 
differ in accuracy and result stability. This 
highlights the importance of selecting a 
method based on mapping goals and field 
conditions. 

 
CONCLUSION 

Based on the results of this research, 
there is a notable difference in mapping 
accuracy between RTK Radio and RTK 
NTRIP aerial photographs. RTK Radio 
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achieved an accuracy of 0.683 with an RMSE 
of 0.450, while RTK NTRIP reached 0.563 
with an RMSE of 0.371. RTK Radio is more 
suitable for areas without CORS access but 
still requires GCP verification, whereas RTK 
NTRIP performs better in urban areas 
supported by robust CORS networks. 
Combining both methods with sufficient 
GCPs provides a practical solution for 
mapping in heterogeneous or densely 
vegetated terrains. 

It is suggested that practitioners select 
the correction method based on field 
conditions, using RTK Radio in remote or 
CORS-limited areas and RTK NTRIP in 
urban or CORS-supported regions. 
Sufficient GCP placement should always be 
ensured to improve orthomosaic accuracy. 
For future research, exploring hybrid 
workflows that integrate RTK Radio and 
RTK NTRIP and analyzing the effects of 
varying GCP distributions, baseline lengths, 
and environmental factors could provide 
more comprehensive guidance for UAV-
based mapping applications. 
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