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ABSTRACT

In order to construct a precision geoid, it has been diversified into land, sea, aviation,
and satellite gravity measurement methods, and measurement technology has developed,
making it possible to secure high—resolution, high—precision gravity data. The
construction of precision geoids can be fast and conveniently decided through GNSS
surveys without separate leveling, and since 2014, the National Geographic Information
Institute has been developing a hybrid geoid model to improve the accuracy of height
surveying based on GNSS. In this study, the results of the GNSS height measurement
were compared and analyzed choosing existing public reference points to verify the
GNSS height measurement of public surveys. Experiments are conducted with GNSS
height measurements and analyzed precision for public reference points on coastal,
border, and mountainous terrain presented as low—precision areas or expected—to—be
low—precision in research reports. To verify the GNSS height measurement, the GNSS
ellipsoid height of the surrounding integrated datum to be used as a base point for the
GNSS height measurement at the public datum. Based on the checked integrated datum,
the GNSS ellipsoid of the public datum was calculated, and the elevation was calculated
using the KNGeoidl8 model and compared with the results of the direct level
measurement elevation. The analysis showed that the results of GNSS height
measurement at public reference points in the coastal, border, and mountainous areas
were satisfied with the accuracy of public level measurement in grades 3 and 4.
Through this study, GNSS level measurement can be used more efficiently than existing
direct level measurements depending on the height accuracy required by users, and
KNGeoids 18 can also be used in various fields such as autonomous vehicles and
unmanned aerial vehicles.

KEYWORDS : Hybrid Geoid Model, GNSS Height Survey, Public Control Point Levelling
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TABLE 1. Classification of GNSS survey by accuracy
Accuracy 3cm 5cm
Observation Day 2 days 1 day
Observation time More than 4 hours More than 2 hours
Data interval 30 seconds or less 15 seconds or less

Remark Two—day observation should take into account the satellite geometries.
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FIGURE 1. Study area
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TABLE 2. Research area and number of public control point

Research area

No. of public control point

Inland area Suwon 15
Saemangeum 8

Coastal area Sokcho 35
Jinhae~Geoje 65

Mountainous area Yeongwol ~Taebaek 18
Border Line area Cheorwon 30

Total

172
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FIGURE 2. Suwon network(Inland area)

TABLE 3. Verification of adjusted ellipsoid heights - Inland

Area Control point

Adjusted
ellipsoidal height(A)

Official
ellipsoidal height(B)

u03r3

39.721

39.705

UAY27

64.224

64.202

Suwon UNY30

41.909

41.919
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30.038
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TABLE 4. GNSS height survey result of public control points - Suwon(Inland) (unit : m)

Official GNSS

Official GNSS

Station height height Residual Station Height height Residual
No.1 32.459 32.451 0.008 No.9 19.366 19.313 0.053
No.2 32.351 32.348 0.003 No.10 36.962 36.921 0.041
No.3 20.867 20.862 0.005 No.11 24.808 24.783 0.025
No.4 20.824 20.808 0.016 No.12 21.994 21.968 0.026
No.5 19.165 19.165 0.000 No.13 17.840 17.815 0.025
No.6 20.672 20.655 0.017 No.14 12.343 12.311 0.032
No.7 17.969 17.950 0.019 No.15 12.803 12.785 0.018

e wm e om
No.8 17.669 17.656 0.013 Residual Residual
max 0.053 i 0.000

FIGURE 3. Saemangeum
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FIGURE 4. Sokcho

FIGURE 5. Jinhae—Geoje
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TABLE 5. Verification of adjusted ellipsoid heights — Coastal area (unit : m)

Coastal area Control point : Adjusteq ) .Officiall Residua

ellipsoidal height (A) ellipsoidal height(B) (A-B)

u0679 34.707 34.654 0.053

u0681 30.674 30.659 0.015

Saemangeun u0682 29.011 29.030 0.019

u068s4 27.972 27.968 0.004

UBNO3 29.494 29.516 0.023

UBN17 27.7197 27.790 0.007

u0004 48.851 49.040 0.189

Sokcho u0042 204.197 204.205 0.008

u0678 76.358 76.357 0.001

U09ss5 139.240 139.243 0.003

U0993 31.944 31.934 0.010

Jinhae~Geoje U099%5 36.903 36.831 0.072

U1065 46.929 46.950 0.021

u1067 75.445 75.473 0.028

U1068 98.853 98.875 0.022
st s SASIAYH(E 5). Al A = AEsh e B4 Ay i 63 gk A
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TABLE 6. GNSS height survey result of public control points — Coastal area (unit : m)

Official height -GNSS  No. Public control Residual Residual Residual Residual

height point average Standard deviation Max Min
Saemangeum 8 —0.024 0.035 0.020 -0.065
Sokcho 35 0.004 0.018 0.052 —0.043
Jinhae—Geoje 65 —0.006 0.022 0.100 —-0.053
Total 108 —0.004 0.023 0.100 —0.065
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FIGURE 6. GNSS height survey result of public control points — Coastal area
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TABLE 7. Verification of adjusted ellipsoid heights — Mountainous area (unit : m)
Area Control point Adjusted ellipsoidal height(A) Official ellipsoidal height (B) A-B
UYeongwol 12 243.096 243.087 0.009
UYeongwol17 226.454 226.456 0.002
Yeongwol UYeongwol20 340.858 340.858 0.000
UYemi22 277.756 277.749 0.007
u0320 233.248 233.235 0.013
UTaebaek16 851.619 851.626 0.007
Tasbask UTaebaek19 830.882 830.906 0.024
UTaebaek20 896.059 896.061 0.002
UTaebaek2?2 515.626 515.708 0.082

TABLE 8. GNSS height survey result of public control points — Mountainous area (unit : m)

Official GNSS ) Official GNSS )
Taebaek height height Residual Yeongwol Height height Residual
0.1(T) 951.131 951.201 —-0.070 NO.1(Y) 240.802 240.842 —0.040
NO 2m 724,412 724,43 ~0.024 NO.2(Y) 200279 200.285 ~0.006
NO.3(T) 464.756 464.749 0.007 NO.3(Y) 314.124 314111 0.013
NO.4(T) 641.517 641.522 —0.005 NO.4(Y) 200.238 200.184 0.054
NO.5(T) 643.665 643.657 0.008 NO.5(Y) 207.112 207.098 0.014
NO.6(T) 669.076 669.054 0.022 NO.6(Y) 209.306 209.275 0.031
NO.7(T) 631359 661.353 0.006 NO.7(Y) 238182 238,205 ~0.023
NO.8(T) 568.348 568.329 0.019 NO.8(Y) 267.169 267.136 0.033
Residual Standard
NO.9(T) 605.230 605.216 0.014 o 0.004 deviation 0.029
Residual Residual B
NO.10(T) 604.568 604.546 0.022 max 0.054 i 0.070
Z3ta 1A ]”49} AE H)3 - BAESI0H(E H A7 —7.0cn®E 19 24)1%F o)Ake] GNS
7). 9L 54, B9 442 FVIEHe A SEoR ARG 35T 439 TETE
IE A A3 gl SIS 148 (UH S 2yl A dapt TE&FH AT
Wo2) & ALt T/ 21 AES
st 7IXFo R Aol ThsEgley & 942 4, EXH
TR T 1is Al 830 SR7IEA D 74422 GNSS BAEAAT A%
GNSS HAeRdA e aAAd T FAl= Ht HAR ] Ao T A AN =7} Hor
bj—"rﬂx} EF lem vRto® HgAHo = U Toz 7ZAe M Asto] won FuE
A T Y59 Aol w2 Ao}, 13
AT} o] A7 AT AYH o
2) Aepxeie] FE7IEd B AUE I g gg0) ojge 4 9lo] ATTAE A4e
*J:—W%ﬂi’l_ %‘%—7‘]:;37—‘% GNSS #ol5%2] 4 Aty AAX = "YU dow LIV
Ye= BEAM3 Ayl= X 83 At Ak=d 18 =74 30749 @@E% BAEt 73 8L A
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eba ¥ ¥y ol i 83 o At 3 219 GNSS =o|ZF 7|x|H o7 ALLT
3223 % % 2
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FIGURE 8. Cheorwon network(border area)

TABLE 9. Verification of adjusted ellipsoid heights — Border area (unit : m)
Area Control point Adjusted ellipsoidal height(A) Official ellipsoidal height (B) A-B
U0009 212.529 212.535 —0.006
uoo15 233.616 233.632 —-0.016
u0020 227.718 221.747 0.031
Cheorion UCCo3 144.591 144.617 —0.026
UCC49 178.230 178.197 0.033
UGD03 195.975 195.96 0.015
UGD04 210.473 210.483 -0.010
UGD19 174.070 174.045 0.025
TABLE 10. GNSS height survey result of public control points — Border area (unit : m)
Cheorwon ?}2;5@ Se’TShSt Residual Cheorwon OHE:S';: Seﬁ‘g?hst Residual
NOO1 148.887 148.875 0.012 NO21 188.435 188.437 -0.002
NO02 161.346 161.355 —-0.009 NO22 200.083 200.053 0.030
NO03 154.796 154.786 0.010 NO23 190.555 190.563 —0.008
NO04 140.754 140.769 —-0.015 NO24 196.850 196.857 —0.007
NO05 159.727 159.724 0.003 NO25 209.785 209.777 0.008
NOO06 145.088 145.095 —0.007 NO26 196.393 196.379 0.014
NOO7 144.656 144.641 0.015 NO27 151.460 151.440 0.020
NO10 212.273 212.247 0.026 NO28 190.875 190.856 0.019
NOT1 167.747 167.787 —0.040 NO29 188.726 188.747 —=0.021
NO12 202.645 202.662 -0.017 NO30 206.880 206.876 0.004
NO14 183.274 183.251 0.023 NO31 178.594 178.608 —-0.014
NO15 178.783 178.791 —0.008 NO32 208.937 208.948 =0.011
NO16 189.904 189.917 -0.013 NO33 204.414 204.455 =0.041
NO18 188.532 188.544 -0.012 NO34 207.338 207.355 =0.017
NO19 183.816 183,834 ~0.018 Residual 0005 Standad 0.0178
average deviation
NO20 185.805 185.803 0.002 il 0.0%0 Tl —0.041
max min
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TABLE 11. GNSS height survey results by area (umit © m)
Area No. point Residual Residual Standard deviation Residual Respl ual
average max min
Inland 15 0.020 0.014 0.053 0.000
Coastal 108 —-0.004 0.023 0.100 —-0.065
Mountainous 18 0.004 0.029 0.054 -0.070
Border 30 —-0.003 0.018 0.030 —-0.041
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