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Real-time Calculation of Geoid Applicable to Embedded Systems

Hyun-seok Kim' - Chan-sik Park*"
'Agency for Defense Development, Daejeon, 34186, Korea

ZDepartment of Control and Robotics Engineering, Chungbuk Natioinal University, Chungcheongbuk-do, 28644, Korea

[ 2

TAA ASE=E A8 18] GPs ek 71 AL} A 5§ ete] AR SIAIRE M S S s = A Lol
NES BAS] Fofof Tk L wmiell A BEolu ARE T A Akl A 8-H = A7 WY Al SRl E Ao R 4|9 0]
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[Abstract]

In order to improve the vertical position accuracy, the advantages of GPS and barometric altimeter are combined and used, but
in order to fuse the two sensors, the geoid altitude must be compensated. In this paper, we proposed a technique that can calculate
geoid altitude in real time even in low-cost embedded systems applied to drones or autonomous vehicles. Since the reference
EGMO8 is determined by a polynomial of the 2160th order, real-time calculation is impossible in the embedded system. Therefore,
by introducing a linear interpolation technique, the amount of calculation was increased, and the storage space was saved by 75%
by using the integer geoid height as a grid point. The accuracy of the proposed technique was evaluated through simulation, and

it was confirmed that the accuracy of the maximum error is —1.215 m even in the region where the geoid change is rapid.
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Table 1. Simulation condition for grid point distance.

dis?arir?ce Number of grid(float type) Grid size
Case 1| 1° ((180+1)x 1) x (360%x 1) = 65,160 254.5KB
Case 2| 0.5° |((180+1)x 2) X (360X 2) = 260,640| 1018.1KB
Case 3 0.2° |((180+1)x 5) X (360X 5) = 1,629,000 | 6363.2KB
Case 4 0.1° |((180+1)x10) X (360X10) = 6,516,000| 24.86MB

T 2. Y X|Q0|ED ARE Al AlZ2fo|d =A
Table 2. Simulation condition for integer geoid value.

Grid o L
istancel Number of grid(integer type) Grid size
Case 5 0.2° | ((180+1)x 5) X (360X 5) = 1,629,000 | 1590.8KB
Case 0.1° [((180+1)%x10) X (360X10) = 6,516,000| 6363.2KB
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Table 3. Results for grid point distance(korea peninsula)

) Grid Method | Error mean Standgrd Maximum RMSE
distance] deviation error

10 BL -0.066 0.292 -1.423 0.299

IDW -0.065 0.340 -1.614 0.346

0.5° BL -8.51E-03 0.140 -0.912 0.140

: IDW -7.46E-03 0.166 -1.004 0.166

0.0° BL -1.13E-03 0.044 -0.573 0.044

) IDW -7.45E-04 0.059 -0.570 0.059

0.1° BL -2.84E-04 0.014 -0.198 0.014

: IDW. 1.35E-04 0.025 -0.237 0.025
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Fig. 9. Geoid interpolation error(grid size=1.0°)
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Fig. 10. Geoid interpolation error(grid size=0.5°)
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Table 4. Results for grid point distance(southeast asia)
) Grid Method | Error mean Starjdgrd Herdmili RMSE
distance deviation error
1° BL -1.13E-02 0.729 8.009 0.729
IDW -1.04E-02 0.771 8.386 0.771
0.5° BL -7.55E-04 0.298 -3.687 0.298
) IDW 4.17E-04 0.332 -3.998 0.332
0.0° BL -1.96E-04 0.075 -0.903 0.075
) IDW -3.03E-04 0.099 -1.527 0.099
0.1° BL -3.87E-05 0.023 -0.349 0.023
) IDW -1.49E-04 0.041 -0.707 0.041
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Table 5. Results for geoid data type(korea peninsula)

. i Method Error mean Starjdgrd LT RMSE
distance] deviation error

BL float -1.13E-03 0.044 -0.573 0.044

0.0° integer | -1.54E-02 0.193 -0.657 0.194

IDW float -7.45E-04 0.059 -0.570 0.059

integer | -1.50E-02 0.204 -0.768 0.204

BL float -2.84E-04 0.014 -0.198 0.014

01° integer | -6.36E-03 0.216 0.514 0.216

IDW float 1.35E-04 0.025 -0.237 0.025

integer | -5.92E-03 0.220 0.521 0.220
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Fig. 12. Error according to geoid data type.
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Table 6. Results for geoid data type(southeast asia)
Grid Standard | Maximum

distance e N deviation error ALl

Bl float -1.96E-04 0.075 -0.903 0.075

0.0° integer | 1.85E-03 0.204 -1.215 0.204

W float -3.03E-04 0.099 -1.527 0.099

integer | 1.74E-03 0.222 -1.550 0.222

BL float -3.87E-05 0.023 -0.349 0.023

0.1° integer | 1.31E-03 0.204 -0.624 | 0.204

W float -1.49E-04 0.041 -0.707 0.041

integer | 1.19E-03 0.213 -1.025 0.213
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