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Abstract Measurement and utilization of location information of a mobile vehicle (UAV: Unmanned Ariel
Vehicle) in real-time using a GPS signal provided by a satellite is increasing in various fields. This setup
is based on the GNSS satellite navigation system. The location information data measured based on the
RTK method from the mobile object is transmitted using 5G communication to the error correction
engine server equipped with an algorithm for correcting the location information. This error correction
ensures high accuracy positioning data for the moving object. The location information data of the
moving object is acquired by applying the Network-RTK technique based on the GPS error correction
data provided by the National Geographic Information Institute. Subsequently, the error correction
process is performed for the measurement location information data transmitted to the error correction
engine server. In particular, the error correction is achieved through the algorithm of the engine server.
The accuracy of the corrected position information data is analyzed by comparing the position
information of the moving object measured using the RTK equipment and the one corrected by applying
the Network-RTK method. The Network-RTK method and the error correction algorithm were applied
sufficiently based on the feedback from this analysis. Altogether, the error rate was relatively low when
correcting the location information data.
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Fig. 1. GPS Observatory (Source:NGII)
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Fig. 2. Network-RTK (Source:NGII)
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Fig. 3. Receiving drone location information using
5G communication
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Operating 2.4000~2.4835 GHz
Frequency 5.725~5.850 GHz
RTK GNSS Horizontal £ 10 mm + 1 ppm RMS
Precision Vertical + 15 mm + 1 ppm RMS

Gimbal Control
Range

Pitch: -120~30°, Y

aw! £320°

Camera Sensor

1/2.3" CMOS: Effective pixels: 12 M

Lens FOV 82.9° / 24 mm
Max Image Size 4,056 x 3,040
Photo JPEG

Table 2. Specification of GNSS Receiver

D-RTK 2
GPS L1C/A, 12, 15
GLONASS F1, F2
GALILEO E1, E5A, E5B
BEIDOU B1, B2, B3
Com@unication 2 km
Distance
Operating Time 2 hours
Real Time Horizontal
Kinematic + 10 mm + 1 ppm RMS
surveying Vertical
(Network RTK) + 20 mm + 1 ppm RMS

RTK “Hl(moblie station)2FE GNSS EAHO|HE 5 o AIB| 2T} - C2 H|3 OFf &X
Ao} 9 B4 FAGRE W SsHe 14 4
e s _
o] cEo= a5 ]’%%-}ig- AAste] AR u Table 3. RTK drone flight error
E‘é Q Zi} /é!—%]q]/q‘\i Zc]—H]-’] E;(—]EHO]E.]jl_ Flight Test Measurements
~ B Round X-AXIS [cm] Y-AXIS [cm]
AR E HolElE —’Fdﬁ A AR ASste] QZ} 1 8 1
B QzlolA] =20 Y25 dloEje}t GPS 7]Ee] : 5 -
GNSS EAHol8E o]&sto] Holg o449 BAE 4 4 5 -7
sttt AT EQo]E o|-835lo] BASH YA EHL} RTK 5 9 -85
6 2 13
FHE Boto] BAE Holezte] FYrE H|wgit) 7 3 3
8 1 -8
- o 9 8 25
2.5 A FH| HH 10 11 3
11 6 -2
é%l ] /\]"Q‘Q UAV e 7]'“113}-4 X’" o_]% Table 1-‘74’ 12 10 0
Zown RTK AH|9 AP Table 29+ ZTH2] 12 7 -2
1 0 -7
15 13 0
Table 1. Specifications of UAV and Camera 16 13 "
17 18 -10
MATRICE 300 RTK s T )
Approx. 3.6kg (excluding battery) 19 11 _11
Weight Approx. 6.3kg 20 9 9
(with TBGO battery x 2) Experience Statistics
Flight Time approx. 55 minutes Avg 82 33
GPS + BeiDou Max 22 13

GNSS System + Galileo + GLONASS
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2.7 28 Z4t - 2% 2Y S St AAREE
GlOIEe 2
- 5T olgAkE A AFE (1]
AV &= AV d= AV (T—L+ep )T MAV N,

D
- FAY mAAE 24 (1]
Ay Af:a AV ¢f/\ AV d) (2)
- BksEF £HA] olF AELA; 4k (1] Fig. 5. 2nd test video image
AV 1, = (AT ¢ =AY d)= N AV 1\7f 6)
Table 5. 2nd test calibration data result
- ZZA3}E Network RTK B9 A4
m Error [m] Geolocation Error (%]
6Dyen= OByt Dwt, - MAC, 4) Min Max X Y 7
r=1 - -15.00 0.00 0.00 0.00
N ]”s” * Tuser * 6R”qer +HON+E+O -15.00 -12.00 0.00 0.00 0.00
-12.00 -9.00 0.00 0.00 0.00
-9.00 -6.00 0.00 0.00 0.00
-6.00 -3.00 0.00 0.00 0.00
-3.00 0.00 42.98 49.04 49.86
0.00 3.00 57.02 50.96 50.14
3.00 6.00 0.00 0.00 0.00
6.00 9.00 0.00 0.00 0.00
9.00 12.00 0.00 0.00 0.00
12.00 15.00 0.00 0.00 0.00
15.00 - 0.00 0.00 0.00
Mean [m] 0.000000 0.000000 0.000000
Fig. 4. Ist test video image Sigma [m] 0.029178 | 0.029406 | 0.078722
Table 4. 1st test calibration data result RMS Error (m) 0.029178 | 0.029406 | 0.078722
Error [m] Geolocation Error [%]
Min Max X Y VA
- -15.00 0.00 0.00 0.00
-15.00 -12.00 0.00 0.00 0.00
-12.00 -9.00 0.00 0.00 0.00
-9.00 -6.00 0.00 0.00 0.00
-6.00 -3.00 0.00 0.00 0.00
-3.00 0.00 42.70 50.14 52.89
0.00 3.00 57.30 49.86 47.11
3.00 6.00 0.00 0.00 0.00
6.00 9-00 0.00 0.00 0.00 Fig. 6. 3rd test video image
9.00 12.00 0.00 0.00 0.00
12.00 15.00 0.00 0.00 0.00 Table 6. 3rd test calibration data result
15.00 - 0.00 0.00 0.00
Mean [m] 0.000000 | 0.000000 | 0.000000 Error [m] Geolocation Error [
Sigma [m] 0.027145 | 0.030509 | 0.056591 Min Max X Y Z
RMS Error [m] 0.027145 | 0.030509 | 0.056591 - “15.00 0.00 0.00 0.00
-15.00 -12.00 0.00 0.00 0.00
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-12.00 -9.00 0.00 0.00 0.00
-9.00 -6.00 0.00 0.00 0.00
-6.00 -3.00 0.00 0.00 0.00
-3.00 0.00 49.20 47.28 49.20
0.00 3.00 50.80 52.72 50.80
3.00 6.00 0.00 0.00 0.00
6.00 9.00 0.00 0.00 0.00
9.00 12.00 0.00 0.00 0.00
12.00 15.00 0.00 0.00 0.00
15.00 - 0.00 0.00 0.00
Mean [m] 0.000000 | 0.000000 | 0.000000 Fig. 8. 5th test video image
Sigma [m] 0.019768 0.022066 0.036484
RMS Error [m] 0.019768 | 0.022066 | 0.036484 Table 8. 5th test calibration data result
Error [m] Geolocation Error [%]
Min Max X Y 7
- -15.00 0.00 0.00 0.00
-15.00 -12.00 0.00 0.00 0.00
-12.00 -9.00 0.00 0.00 0.00
-9.00 -6.00 0.00 0.00 0.00
-6.00 -3.00 0.00 0.00 0.00
-3.00 0.00 55.69 48.31 44.92
0.00 3.00 44.31 51.69 55.08
3.00 6.00 0.00 0.00 0.00
6.00 9.00 0.00 0.00 0.00
Fig. 7. 4th test video image
9.00 12.00 0.00 0.00 0.00
12.00 15.00 0.00 0.00 0.00
Table 7. 4th test calibration data result
15.00 - 0.00 0.00 0.00
Error [m] Geolocation Error [%] Mean [ml 0.000000 | 0.000000 | 0.000000
Min Max X Y z Sigma [m] 0022039 | 0.021422 | 0.041112
- -15.00 0.00 0.00 0.00
RMS Error [m] 0.022039 0.021422 0.041112
-15.00 -12.00 0.00 0.00 0.00
-12.00 -9.00 0.00 0.00 0.00
-2.00 ~6.00 0.00 0.00 0.00 Table 9. Error rate between location information
-6.00 -3.00 0.00 0.00 0.00
Geolocation
-3.00 0.00 50.77 51.38 43.08 Frror 4] X Y z
0.00 3.00 49.23 48.62 56.92 POl 0.095158 0.065135 B
3.00 6.00 0.00 0.00 0.00
6.00 9.00 0.00 0.00 0.00 P02 0.027145 0.030509 0.056591
9.00 12.00 0.00 0.00 0.00
P03 0.027145 0.030509 0.056591
12.00 15.00 0.00 0.00 0.00
15.00 - 0.00 0.00 0.00 P04 0.029178 0.029406 0.078722
Mean [m] 0.000000 0.000000 0.000000 . o 6484
P05 0.019768 0.0220 0.03648
Sigma [m] 0.022734 | 0.020516 | 0.105274 X
RMS Error [m] 0.022734 | 0.020516 | 0.105274 P10 0.022039 0.021422 0.041112
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