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Enhancing Efficiency while Maintaining Accuracy in Repeated Coastal Drone
Monitoring through the Use of Fixed Structures as Ground Control Points
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Hyoseob Noh*, Byunguk Kim**, Yong Sung Park*** and Minjae Lee****

2 Xl AE FekxE S oty SdHollA F5Alo|t}h. HZolE RTK(real-time kinematic) 41715 A&}
3 SRS E850] st AESE] a8YS =olds ATt olofR|a glon AlEd FRE JE) 3] %
kA9l 2247157 (GCP, ground control point) 0] Q3= A7} Qi) & Aol = Unt =&3} RTK
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Abstract : Accurate coastal terrain measurement is essential for effective coastal management. While drones
equipped with real-time kinematic (RTK) receivers have improved the efficiency of beach surveying, labor-
intensive ground control point (GCP) measurements are still required to ensure reliability. This study proposes
using fixed GCPs (i.e., stable structures) to correct and validate topographic data acquired by both a conventional
drone and an RTK drone and evaluates how different GCP configurations affect measurement accuracy.
Experiments were conducted at Jangsa Beach using a conventional drone and Byeonsan Beach using an RTK
drone. The analysis revealed a vertical discrepancy of approximately 23.5 m between ellipsoidal height and geoid
height using the RTK drone. Even after geoid correction, an additional offset of about 0.125 cm persisted due to
discrepancies between camera focal plane positioning and sensor alignment. However, when fixed GCPs were
uniformly distributed across the beach, a DEM accuracy of around 4 cm, comparable to using only mobile GCPs,
was achieved. In contrast, locally placed GCPs or configurations relying solely on mobile GCPs resulted in
improved accuracy only in specific regions (e.g., the central area), while substantial errors remained in boundary
regions. This issue was more pronounced with conventional drones, which have lower sensor-based positioning
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accuracy than RTK drones. Notably, RTK drones achieved an accuracy within 0.05 m even when using only three
or more fixed GCPs, demonstrating that minimal GCP placement can still ensure reliable results. In contrast,
conventional drones required denser GCP placement or additional mobile GCPs in underconstrained areas to
maintain DEM accuracy. These findings confirm that integrating stable pre-surveyed structures as GCPs can
significantly reduce the burden of additional GCP installation while maintaining sufficient accuracy. This
approach offers a practical and efficient solution for repeated coastal monitoring, minimizing cost and time while

ensuring reliable geospatial data acquisition.

Keywords : coastal terrain survey, drone photogrammetry, ground control point (GCP), GCP distribution, RTK-

drone
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Fig. 1. Examplar photographs of fixed-type and mobile GCPs used in this study.

(a) Jangsa Beach-orthomosaic (b) Byeonsan Beach—-orthomosaic (c) Byeonsan Beach geoid heigth
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Fig. 2. Jangsa Beach orthomosaic, Byeonsan Beach orthomosaic, and Byeonsan Beach geoid.
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Table 1. Overview of GCP reference conditions for the test cases in this study

Used geo-information

The number of GCPs

Sites Cases RTK Drone Geoid Fixed-type Mobile _— o
module height correction GCPs GCPs Calibration Validation

IN1 - o - - - 0 45

IN2 - o - - o 12 33

IC1 - (0] - 1 at center - 1 44

Jangsa IC2 - (0] - 3 at center - 3 42
Beach JD1 - (0] - 8 at northern half beach - 8 37
ID2 - o - 5 at wide - 5 40

ID3 - o - 12 at wide - 12 33

D4 - o - 12 at wide o 25 20

BNI1 (0] o - - - 0 31

BN2 (0] o (0] - - 0 31

BN3 (0] o (0] - o 8 23

BCl1 (0] (0] (0] 1 at center - 1 30

Byeonsan BC2 (0] (0] (0] 3 at center - 3 28
Beach BE1 (0] o (6] 1 at south end - 1 30
BE2 (0] (0] (0] 3 at south end - 3 28

BDI (0] o (0] 4 at wide - 4 27

BD2 (0] o (0] 12 at wide - 12 19

BD3 (0] o (0] 12 at wide o 20 11
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Fig. 3. GCP placement maps for various reference condition cases at Jangsa Beach.
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Fig. 4. GCP placement maps for various reference condition cases in Byeonsan Beach.
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Table 2. DEM reconstruction accuracy of the validation GCPs with respect to GCP reference condition cases

Validation set error (m) Ratio to the reference case
Sites Cases
Bias o, Bias o,
IN1 -0.974 4.347 —5,785% 3,385%
IN2 0.041 0.167 243% 130%
JC1 -3.081 2.874 -18,292% 2,237%
Jangsa \[67) —2.390 2.635 —-14,191% 2,051%
Beach ID1 —-0.187 0.300 —-1,109% 233%
D2 0.087 0.207 518% 161%
ID3 0.021 0.157 123% 122%
JD4 (ref) 0.017 0.128 100% 100%
BN1 —23.543 0.049 95,454% 127%
BN2 0.125 0.049 -507% 129%
BN3 0.014 0.054 -55% 142%
BCl 0.113 0.050 —459% 132%
Byeonsan BC2 —0.043 0.048 176% 127%
Beach BEI 0.099 0.049 —400% 128%
BE2 —-0.037 0.049 149% 130%
BDI1 0.022 0.045 —88% 118%
BD2 —-0.027 0.045 111% 118%
BD3 (ref) —-0.025 0.038 100% 100%

(b) IN1-JD4 (c) IN2-JD4 (d) JC2-JD4 (e) JD1-JD4

Difference (m)

- 0.5

Bed
elevation (m

533700 534000 533700 534000

533700 534000 533700 534000

533700 534000

Fig. 5. Bed elevation contour of JD4 and its relative bed difference, and relative bed differences from JD4 for JN1, JN2, JC2, and JD1 in
Jangsa Beach.
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A2 71 AlOI ARG BI7F 32 A, SRS W2 A Al S Bt W% 2ol Bt ]l =t
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Fig. 6. Bed elevation contour of BD3 and its relative bed difference, and relative bed differences from BD3 for BN3, BC2, BE2, and BD1

in Byeonsan Beach.
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Table Al. GCP locations in Jangsa Beach (Projection: Korean East Belt 2010; EPSG: 5187)
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GCP name X y z Mobility of the GCPs
GCPS3-PARKING-001 233706.138 410289.133 1.704 Fixed
GCPS3-PARKING-003 233693.883 410288.992 1.867 Fixed
GCPS3-PARKING-004 233690.690 410283.734 1.769 Fixed
GCPS3-PARKING-005 233693.475 410282.412 1.702 Fixed
GCPS3-PARKING-006 233696.157 410290.173 1.871 Fixed

POCKET001 233966.038 408976.264 2.989 Mobile
POCKET002 233958.467 409001.523 3.068 Mobile
POCKET003 233955.035 409019.061 2.700 Mobile
POCKET004 233951.187 409044.619 2.789 Mobile
POCKETO005 233950.796 409061.107 2.649 Mobile
POCKET006 233956.307 409090.513 2.297 Mobile
SIDECKINE 233777.811 409384.266 4.003 Fixed
SIDECKDISCONNECTNE 233791.438 409334.236 4.525 Fixed
SIDECKDISCONNECTNW 233789.654 409333.480 4.548 Fixed
SIDECKDISCONNECTSE 233792.876 409330.160 4.483 Fixed
SIDECKDISCONNECTSW 233790.959 409329.718 4.491 Fixed

S1GCP001 233841.110 409266.332 3.276 Mobile

S1GCP002 233831.621 409290.916 2.719 Mobile

S1GCP003 233819.149 409320.896 2711 Mobile

S1GCP004 233807.773 409349.370 2.710 Mobile

S1GCP005 233795.634 409382.752 2.360 Mobile

S1GCP006 233780.443 409416.313 2.385 Mobile

SIPORTNE 233802.644 409307.130 4.555 Fixed
S2BUILDINGDECKNE 233746.967 409463.477 3.631 Fixed
S2BUILDINGDECKSW 233744818 409438.771 3.922 Fixed

S2GCP001 233729.657 409580.005 1.323 Mobile

S2GCP002 233738.564 409552.737 1.845 Mobile

S2GCP003 233744.366 409532.888 1.769 Mobile

S2GCP004 233753.819 409503.766 2.012 Mobile

S2GCP005 233762.008 409478.033 2.076 Mobile

S2GCP006 233771.744 409457.858 1.709 Mobile

S3GCP001 233702.220 410255.907 1.363 Mobile

S3GCP002 233666.520 410188.708 1.332 Mobile

S3GCP003 233655.828 410137.473 1.436 Mobile

S3GCP004 233652.312 410091.173 1.482 Mobile

S3GCP005 233647.130 410046.815 1.443 Mobile

S3GCP006 233651.521 409994.666 1.159 Mobile

S3SURFSHOP002 233653.097 410201.604 2.584 Fixed
SHIPDECKMANHOLE 233937.704 409137.937 4.433 Fixed
SHIPDECKMANHOLE1 233937.373 409137.503 4413 Fixed
SHIPDECKMANHOLE2 233937.310 409138.295 4437 Fixed
SHIPDECKYELLOWO003 233994.637 409155.706 7.009 Fixed
SHIPDECKYELLOWO004 233993.877 409156.837 7.035 Fixed

SOLDIERANGLES1 233873.006 409155.821 4.667 Fixed
SOLDIERMANHOLE 233890.464 409162.719 4.641 Fixed
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Table A2. GCP locations in Byeonsan Beach (Projection: UTM Zone 52N; EPSG: 32652)
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GCP name X y z Mobility of the GCPs
BANKO003 276205.738 3950921.201 3.081 Fixed
BANKO004 276208.186 3950921.597 3.103 Fixed
BANKO11 276209.904 3950892.496 3.580 Fixed
BANKO012 276212.377 3950892.825 3.550 Fixed
BS-BMO1 276612.040 3951596.188 24.709 Fixed
CHECKERBOARDO001 276415.058 3951002.913 5.834 Fixed
CHECKERBOARDO002 276409.618 3951006.639 5.870 Fixed
CHECKERBOARDO1 276419.625 3951008.549 5.868 Fixed
CHECKERBOARDO11 276414.163 3951007.918 5.872 Fixed
GCPO001 276413.319 3951386.884 0.093 Mobile
GCP002 276387.521 3951334.311 0.040 Mobile
GCP003 276342.827 3951240.515 -0.195 Mobile
GCP004 276310.611 3951188.888 -0.210 Mobile
GCP005 276254.556 3951090.582 -0.200 Mobile
GCP006 276285.683 3951032.089 0.560 Mobile
GCP007 276405.798 3951213.635 0.596 Mobile
GCP008 276405.776 3951213.606 0.593 Mobile
GCP009 276469.102 3951354.917 0.896 Mobile
GCP010 276494.394 3951338.186 1.965 Mobile
GCPO11 276467.938 3951279.249 1.810 Mobile
GCP012 276451.865 3951236.274 1.779 Mobile
GCP13 276432.187 3951193.129 1.552 Mobile
GCP14 276396.987 3951116.180 1.648 Mobile
GCP15 276326.957 3951001.818 1.757 Mobile
PARKINGLINEO001 276339.173 3950887.006 5.551 Fixed
PARKINGLINE002 276342.963 3950883.585 5.263 Fixed
PARKINGLINE003 276342.975 3950883.807 5.263 Fixed
PARKINGLINE004 276347.191 3950888.644 5.231 Fixed
PARKINGLINEO005 276343.590 3950891.886 5.343 Fixed
PAVE(04 276483.483 3951076.156 6.090 Fixed
PAVEI11 276535.378 3951220913 7.202 Fixed




