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Abstract

Unmanned Aerial Vehicle (UAV) surveying and mapping data have not yet been clearly defined as a
positional accuracy standard. Therefore, this study verifies the three-dimensional coordinates' accuracy from the
UAV data. The objective was to assess the accuracy of the three—dimensional coordinates of the UAV map using
theodolite survey data. The horizontal and vertical coordinates of the theodolite were obtained by closed-loop
surveying and trigonometry, respectively, while the horizontal and vertical coordinates of the UAV were obtained
from orthophotograph and the difference between the DSM and DTM data, respectively. The estimation of the
accuracy of the three-dimensional coordinates consisted of the horizontal (X and Y) and vertical (Z) position
accuracy. As a result, it was found that the RMSE of X and Y coordinates was 1.22 and 3.44, respectively, and
the NSSDA standard error of horizontal accuracy was about 3.65 meters. On the other hand, The RMSE of Z
value between the blueprint height and the theodolite measurement height was 1.19, and the NSSDA standard
error of vertical accuracy was about 2.34 meters. The RMSE of Z value between the blueprint height and object
height from the UAV was 4.19, and the NSSDA standard error was about 8.21 meters. In conclusion, the selection
of horizontal position data was performed with either of the two survey methods depending on the acceptable
accuracy. The ground survey data was high vertical positions more accurate than UAV. However, buildings with
low heights (lower than 10 meters) can use both theodolite and UAV surveys.

Keyword: ground surveying / unmanned aerial vehicle / three dimensions coordinate
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Sta. Dist. Az. Sin (Az.) Cos (Az.) Lat. Corr. (Lat.) Dep. Corr. (Dep.) X Y
A 189878.11 1659001.44
B 130.72 148.81 0.52 -0.86 67.70 -0.002 -111.82 0.002 189945.80 1658889.62
C 174.78 164.58 0.27 -0.96 46.47 -0.003 -168.49 0.003 189992.27 1658721.14
D 12113 74.21 0.96 0.27 116.56 -0.002 32.97 0.002 190108.82 1658754.11
E 194.25 67.72 0.93 0.38 179.74 -0.004 73.66 0.004 190288.56 1658827.78
F 88.86 344.35 -0.27 0.96 -23.97 -0.002 85.56 0.002 190264.59 1658913.34
G 116.49 359.15 -0.02 1.00 -1.72 -0.002 116.48 0.002 190262.87 1659029.82
H 125.94 339.95 -0.34 0.94 -43.18 -0.002 118.31 0.002 190219.68 1659148.13
| 71.90 260.28 -0.99 -0.17 -70.86 -0.001 -12.14 0.001 190148.81 1659135.99
J 131.02 243.64 -0.90 -0.44 -117.40 -0.002 -58.17 0.002 190031.42 1659077.82
K 66.16 308.51 -0.78 0.62 -51.78 -0.001 41.19 0.001 189979.64 1659119.01
A 155.34 220.84 -0.65 -0.76 -101.58 -0.003 -117.52 0.003 189878.06 1659001.49

Total 1376.57 -0.03 0.03
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Tog Sto. = MHAE999, Dist. = FTHMNNTFITATININA, Az, = AATEsTie Vide Azimuth,
Sin(Az.) = A1 Sin(Azimuth), Cos(Az) = AN Cos(Azimuth), Lat. = sztzwifln 1738 Latitude 11(A47n Sin(Az.) x Dist.,
Dep. = 9v82AziUAAN 38 Departure w1lAan Cos(Az.) x Dist.,
Corr.(Lat.) = MUSLUNTezwile N1lAaMNNATIHYBY Lat. X TYEENAN / TYRENaVanNn,
Corr.(Dep.) = AUSLUNTEEEA DN MIIAIINHATINGES Dep. X ITHENN / STLENNIVINNG,
X = Anfifauns X szun UTM wnlnannanfifadnng + Lat. + Corr.(Lat.),

Y = padifiaunm Y Tuszuy UTM mlaennanfidaiEami + Dep. + Corr.(Dep.)
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2) voyauULsIansiuRdaa (DSM) weeyafitnaaangeesdelnaguitufinuiudidne Tag
HANANEIYTINING 206.82-290.94 LuAT (FUT1 8)

3) 2BYALULAABI)ATTmABAY (DTM) iurayanaugefilisananugeesilnagy

v
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M9Hlaaya DSM uaz DTM aunsadsvena

U
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RfinauARignaes vEpEaN1 AMWansls (Orthophotograph)

Fufidnun Tnefanaugeagsenang 206.82-287.53 ims (U7 9)
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mq (Object Height Model) Befiaarugerasing uilsiiAnuegsznane 0-53.45 w3 (U7 10)
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S a ! = ”Gt o ¥ o
HENTINK VBYAUNUVINTWOIENNBINIFIAITHASLDLAF %gﬂsf% HNITANALBHAINNANINTIY X e

Y) oW ﬂﬂﬁﬂﬂqﬁﬁq‘i’]@ﬂ’lﬂﬂﬂﬂﬁﬁ’l‘m@ F7UIU 11 0 meﬁ’ﬁmmqwmmm‘immﬂg@mmqqmﬁmq (Z2)
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(b)
FUA 11 FUMIAINa8IaN599 LaziuaiAARTAsIngaya UAV

Nﬂﬂﬂ‘jﬁ’iuﬁuﬂmugﬂﬁlmL‘ﬁwﬁ WAKRNINI9TIU (Horizontal positional accuracy) AAALAN X WAy Y

32M928YANNT3ITARIENABIR1999 T UNTT59TReN2aY A UAV 1udan19197 2 dmsunan1snsnaasy

ANHYNABIBIFIUNUINITIL WU HANHARIALAABHLAN X Uz Y HAwniiy 1.22 uaz 3.44 nunaiied

s lutimnsTannails fsziuaanadedin 95% AArsgnABIBIRiANIITIIFZMINNITIATENADS

#19991UN19399MIINVBYR UAV mNiiu 3.65

P = A ¥ o !
A1519N 2 NanN1EWESLIgU ﬁmmgﬂm’ﬂ\‘i ENFTLARINING U

Sta. X Ground Sur. Y Ground Sur. X UAV Y UAV Ax Ay Ax? Ay?

A 189878.06 1659001.49 189877.91 1659001.53 0.14 -0.04 0.02 0.00
B 189945.80 1658889.62 189945.97 1658890.05 -0.16 -0.43 0.03 0.18
C 189992.27 1658721.14 189993.64 1658723.13 -1.37 -1.99 1.88 3.96
D 190108.82 1658754.11 190108.76 1658756.34 0.06 -2.23 0.00 4.98
E 190288.56 1658827.78 190289.62 1658826.41 -1.06 1.37 112 1.87
F 190264.59 1658913.34 190264.08 1658915.62 0.51 -2.28 0.26 5.19
G 190262.87 1659029.82 190264.39 1659040.16 -1.52 -10.35 2.31 107.03
H 190219.68 1659148.13 190218.06 1659150.36 1.62 -2.24 2.61 4.99
| 190148.81 1659135.99 190147.20 1659136.66 1.62 -0.67 2.61 0.45
J 190031.42 1659077.82 190033.28 1659077.76 -1.86 0.05 3.46 0.00
K 189979.64 1659119.01 189978.18 1659120.12 1.46 -1 2.14 1.23
Total 16.44 129.88

RMSE 1.22 3.44

RMSE, 3.65
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HANTUTARWAINGNABYBIFIUIMINIAY (Vertical Positional Accuracy) BaiduniaiBauiisumany
UANANYBIATANAZBIVDYA 2 YA TEWINAMHFINUULRNNTITL2DYA9INNTTA1999ALNADIAITIT

a A o ¥ o ~ a ! P '
LL@:‘?%%Q’N‘H@H@’WMLUUWNWL‘EI?.I’JﬂU‘H@HZWWﬂ UAV A8 199 3 asHATAITNARTIALANDY RMSE 11y

2.34 LAY 8.21 ATNAAL

P ~ = ¥ ° ! a
M990 3 NANITLLSYULIEL ﬂ’)’mgﬂﬁlﬂ\‘i BIFULAHIIN G

/115 (A) wuURBWTga (B) namsdnsan  (C) {aada UAV AaB Aac Anp? Aac?

(1 23.00 23.23 24.69 -0.23 -1.69 0.053 2.856
(2) 46.90 46.95 49.79 -0.05 -2.89 0.003 8.352
(3) 36.73 36.02 38.77 0.71 -2.04 0.504 4.162
(4) 19.60 18.67 18.14 0.93 1.46 0.865 2.132
(5) 8.20 8.25 8.39 -0.05 -0.19 0.003 0.036
Total 1.48 17.54

RMSE 1.19 4.19

RMSE, 2.34 8.21
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