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Abstract

In this study was classified the cadastral control points and parcel boundary points into 40m, 100m by flight
altitude of UAV (Unmanned Aerial Vehicle) which compared the coordinates extracted from the orthophoto
with the parcel boundary point coordinates by GNSS (Global Navigation Satellite System) ground survey. As
a results of this study, first, in the spatial resolution analysis that the average error of the orthoimage by flight
altitude were 0.024m at 40m, and 0.034m at 100m which were higher 40m than 100m for spatial resolution of
orthophotos and position accuracy. Second, in order to analyze the accuracy of image recognition by airmark of
flight altitude that was divided into three cases of nothing, green, and red of RMSE (Root Mean Square Error)
were X=0.039m, Y=0.019m and Z=0.055m, the highest accuracy. Third, the result of the comparison between
orthophotos and field survey results that showed the total RMSE error of the cadastral control points were
X=0.029m, Y=0.028m, H=0.051m, and the parcel boundary points were X=0.041m, Y=0.030m. In conclusion,
based on the results of this study, it is expected that if the average error of flight altitude is limited to less than
0.05m in the legal regulations related to orthophotos for cadastral surveying, it will be an economical and
efficient method for cadastral survey as well as spatial information acquisition.

Keywords : Cadastral Control Points, Parcel Boundary Points, Orthophotos, Flight Altitude

=
=

P

2 Qe A2 WA tho}od F1T-37]8 VTSR 40m, 100mE PN BAGAT
GNSS A4S aF& 8 WA A4 2HE7ke) Afo| ulmsto] HSH=g AAsTt A 1A, 313
A B A v|gan = ARG Ao gt HFQ 2F= 40mY w] 0.024m, 100m wj 0.034mo] A3t 2 L}E}‘/P
2, W3 100m et 40molA] BLFAIAE R} 91 HOHE ) &2 A0 2 RARIL S, ual L] w2 A
WA QAIAe] Hehe BAE 98 A §S, =4, A8 /1A AR TR ol uaet Azt A4
o] 7 RMSE7} X=0.039m, Y=0.019m, Z=0.055m= 7}&F =2 Ashe 2 hepdeh AR, AAS AN} s34 =
2 531 J}JE v wSE Ad} x| Z7)&7 0] 4 AR RMSE+= X=0.029m, Y=0.028m, H=0.051m= Yeltar, &
A2l 2 X-004m, ¥=0030ms: ehieh AE o ¥ o patg sels B ), Jaiads A0
Ao TRl BTG PRI 0 A 0.05m |eke 2 AlgreihE, S RAS Bk offe} 425
2 Aol A el B Ao e 7

l

o i

o] : X271 4, BAZAA, BAA, v E

L= TR=1

Received 2018. 07. 24, Revised 2018. 08. 07, Accepted 2018. 08. 17
1) Dept. of Daegu-Kyungpook Regional Headquarter, Korea Land and Geospatial InformatiX Corporation (E-mail: jhkin@Ix.or.kr)
2) Corresponding Author, Member, Dept. of Spatial Information Science, Kyungpook National University (E-mail: kamcho78@knu.ac.kr)

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

223



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 36, No. 4, 223-233, 2018

1LME

o

¥
AV-

o2t

F&7](UAV: Unmanned Aerial Vehicle)E o]-&
B Holelg F5aHs 7o) 2A sk 9)
HAE 7y, 2ZE o, 21714, v
2} theFet 1 R o] AgEAo] Zhsal Flell
% E2E A, R AL Be YU
 FERVEY 24} S04 BgE7} oS ol
Alefl Slek.

F37lol gt BN AL BgL A
1]

11

ol
o I

2 b

ok rd
N

l_

r
re

o H oo o

_:3
n <
=

w Lol
> 0©
= o 2
.o o

A

i

o

N
> ¥
df o
e
P

[

&4, AA 9 Helg SollAl 7129 el Blsl 93}
T RIFF7] B Aol ] gAY HolE
o] W& A9 Z1F A, Al T HE T A& TS
Lot A H O AT} S E O A 9 A=A 4 F
o] 7}s5lch(Kim et al., 2014 ; Shinet al., 2017). &3 <&
ZArkol] 2X BUEH oY 5574 AelzAL 53 22 A
%102 grejslojof hi= ARolA 71Ee] BAH 12

i
N

T ARHRE, Q] A, Aed REHo R QR =AM
H(Leeetal., 2017)7} m] F2F WA Al A A= T
710l o]t AAlgAN71HEe] DEM (Digital Elevation Model),
DSM (Digital Surface Model)-2 &2 323} 37H4 R 24
I HedE 913t A7t A Ee] gok(Uysal et al., 2015;
Yoo et al., 2016; Eker et al., 2018; Lee, 2018).

5 PRI AE SO Hee AT BAS] 9]
3t o=2(Feng et al., 2014; Yeum and Dyke, 2015)2} GSD
(Ground Sample Distance) 1emg2] 1A U] TjAE F
AHET AAe R TS E 3~bang P 7IHEe R
A&xel BUEY 9 Bel2Ee B9 FYRo B3
TS 93t A% A= 1 glek(Yun and Lee, 2014; Han,
2017).

ojglx 71E9 IME FSEooA EF2HOA,
GPS (Global Positioning System) 5 A&3} 9|x] 2 A of wk
© QlEjzt AIZEE o] @olA AR Estolof 3
Sgt $4 2 54 oy Bept WRHom Rl
712 AIE T glom, 43 B R Ake] FRHe
& SR Qlek 22 YR ATYolA] )
U ARG} A=A Al A
Y T AAE T U o] uj=
A THE ThE it Afste] Hlshe] @15 1 Gakeo]
oo 2 SRk do A1 9] whelE FAI5] shofof gtk

rlr

oot o 2

1

> mlm 19 oo
2

o

=

=3) 7j9le] &gAAk} BeE Agoli) =, W o)

]

i)

A

224

2 FE Qe AANE HeH o= HeelA A5t
HEL wf$- Fasich 5, =vle] Ak BEE EA G
HAGA Soll QlolAl Apaol i At YRS $al
A HEY 7122 L3S A= U
o] AAg 1o} s ol oy, EgE ot 4
‘dolut gato] dig A A Bet gekgt SknEo] 7
A E -4 0 2 Hag|ofof gt Ao|th
I = Bkl @

AR EX Aol PR AA )
&Asto] XAz AARY ol A &] gALE 4 28715 d(KCSC,
2014), A AA A4 A= (Sung and Lee, 2016), F-EAHE
AR AArg/de] #-8(Park and Hong, 2017)
3 FE AL SR om 2AF-E) 0 o2 wA) A
Aoluf A= Aol whE 421 AQ1 R4 AR A
£ u)RE Aol

oepa] 2 Aol ds AA7|Ed T DRZEAEA
H|Y T =HZ 40m, 100m = L 25} t-ZEX|E A}
sl Aalali At A W BT S
GNSS (Global Navigation Satellite System) Z]A+&
= % BABAR #wgho] Apol & vluste] s
2 o xR A 9 ek s AAjskgich E3t o]efet A
7He % FRIF371E Z83 A-ST A A

11 O

i

e
o

N ox,
J
H1
frorlr REooX o8 B ool o hu

ol
A

_I_L4
N
N

Iy
ot
o
T
H
rr
i)
A
o,
)
jak)
»
=]

[y
ot
2,
x0
2
»
)

o <
=
O%’,

21 g7to| Hg| o
3 o] ARHA W9l WA GHEGE 20169 69 10

L Oé =
ol AABHT, AR 23 L AAEHE 20169 6

F7HA Sl Fig. 13} o] HARE ol i S 4
Fe] 507-29 (3% Al Uo T Ao
283k 3o} glel Fig. 2] 12171243 Fig. 2(b
o BEvel BAAAY Zgo] WS felet £AL 25T
9l Aol

HEA WSl BT S Foko] HAga



Accuracy Analysis of Cadastral Control Point and Parcel Boundary Point by Flight Altitude Using UAV

& Aef dolg HSof A8 Aul= Phantom 3
Professional ]x1e] =2 w]olu], vlPARIE o] S4 %=
= o5 FTEE 80%E US| dAsha dYae
40me} 100m= zp 7} thEA| skl 29 iAo Abo]
& BBkl H3 FE] it FFE LAk I
A e] W22 2l &g Testo] 71 180m A=
280m= 3}glom v HIaLie 40mofAf WL
= 3m/s= AAsHlnt T1e] il vt 100moflA v
&= smis2 Ad7ste] X271 BABAH B S8t

5k A 47| RS 2t 2te] u T o] uheh Az
= FRA Ao RS

chopshA) Arjstglom grtegake] AB=Ql HEhwo] u]
o] Network RTK (Real Time Kinematic) =

< 53 7k He) 71ex B WA HEs

A5

O = e e ————

Fig. 1. Around study area (a), study area (b)

Fig. 2. Cadastral control point distribution map(a) and
parcel boundaries observation block(b)
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Table 1. Related to flight image information 100m(b) 9] AAFIAFS HojsEal Qich Table 32 40m, 100m
Division Contents oA BE ARG ARS HolFT gk
- Model : FC300X (3.61mm) .
Camera - Resolution : 4000x3000 Table 2. GCP errors by altitude
specifications - Focal length : 3.61mm . . E
Pixel size - GCP . Easting | Height rror (m)
Pixel size : 1.56195x1.56192um points Northing (m) o) ™ 40m 100m
Flight height 40m 100m GCP 1 | 442,283,677 | 153,140.927 | 103.398 |0.000756| 0.007058
Endlap - Sidelap 80% 80% GCP 2 | 442,280.281 | 153,307.935 | 102.634 0.000722| 0.004219
Number of 451 13 GCP 3 | 442,214.031 | 153,228.308 | 102.352 |0.001960/ 0.008507
pictures
_ GCP 4 | 442,150,943 | 153.142.125 | 101414 |0.001459| 0.006470
Flight speed 3mis Smis GCP 5 | 442,146,651 | 153,232.966 | 101.481 |0.002400| 0003899

GCP 6 | 442,132.090 | 153,306.281 | 101.755 |0.000947| 0.002971
A X727 0] GAgL 93] H] Y1 o) uE 7|2 GCP 7 | 442,102.851 | 153,206.202 | 100.161 | 0.001251 | 0.002412
DA AAE ] AzFAel B4 ol7] 9l A7) HT GCP 8 | 442,102.041 | 153,245.262 | 100.495 |0.002920| 0.004251
W) AA ]| TR AAFS Shajsle] T .%_z‘;]. 1:]— Uixﬂ Z]?ﬂ GCP 9 | 442,055.289 | 153,223.314 | 99.054 |0.005056| 0.006594
71270 AL 7|27 0] WAL Teisho] GCP10 | 441,976.774 | 153,139.201 | 97.874 0.001802 | 0.023012
2 3h1 7] E A A7) A sl 0}93\ o D:] —:L7]’€- 7]_ GCP11 | 441,973.194 | 153,307.171 | 99.141 |0.000884| 0.008350
2 20 A5 202 1599] 7|24 Fig, 59} 7o) thzsE 0 0.002584) 0010443
A7F S H@TS(0), 430 2.2 7810l AAT

Fig. 5. Airmark color of cadastral control point
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Table 5. Comparison of orthophotos and cadastral control point coordinates by flight altitude

Orthographic image coordinates Orthographic image coordinates Error (m)
NO 40m 100m Color
X Y z X" Y" 7" | XX | Yy | z-ze
1 | 442,246511|153,163.941| 102.710 |442,246.522 |153,163.951 | 102.597 | -0.011 | -0.010 | 0.113 | Green
2 |442270.092 |153,288.797 | 102.401 |442,270.153 | 153,288.803 | 102.408 | -0.061 | -0.006 | -0.007 |  Green
3 |442,207.766 | 153,141.798 | 102.140 |442,207.796 | 153,141.754 | 102.184 | -0.030 | 0.044 | -0.044 | Nothing
4 |442221.152|153269.733 | 102255 |442,221.142 [153,269.744 | 102.274 | 0.010 | -0.011 | -0.019 Red
5 |442214.726 | 153,306.889 | 102.127 |442,214.715 |153,306.886 | 102.113 | 0.011 | 0.003 | 0.014 | Green
6 |442,149.512|153,288.812| 101.858 |442,149.510 | 153,288.828 | 101.759 | 0.002 | -0.016 | 0.099 Red
7 442140219 |153,226.554 | 101.446 |442,140.163 | 153,226.562 | 101.441 | 0.056 | -0.008 | 0.005 | Nothing
8 |442,145.809 |153,145.437 | 101.134 |442,145.767 |153,145.435 | 101.177 | 0.042 | 0.002 | -0.043 | Green
9 |442,087.842|153155.118 | 99.705 |442,087.896 | 153,155.144 | 99.608 | -0.054 | -0.026 | 0.097 | Nothing
10 |442,100.969 | 153,176.839 | 99.924 |442,100.924 | 153,176.856 | 100.024 | 0.045 | -0.017 | -0.100 | Nothing
11 | 442,099.645 | 153,271.605| 100.601 |442,099.587 [153,271.541 [ 100.701 | 0.058 | 0.064 | -0.100 | Green
12 | 442,050.668 | 153,270.966 | 99.624  |442,050.684 | 153,270.964 | 99.655 | -0.016 | 0.002 | -0.031 Red
13 | 442,056.332|153,176.242 | 98.801 |442,056.391 | 153,176.249 | 98.795 | -0.059 | -0.007 | 0.006 Red
14 | 442,000.834 |153,153.836 | 97.977 |442,000.842 |153,153.766 | 97.943 | -0.008 | 0.070 | 0.034 | Nothing
15 |442,012.638 [153,305.718 | 99.030  [442,012.701 |153,305.756 | 98.966 | -0.063 | -0.038 | 0.064 Red
RMSE 0.041 | 0.030 | 0.064
Table 6. Color error by flight altitude 7V o Aele 2 nojon theo 2 =M thEA] gl
Point | color | X(m) | Y@ | z@m ~ EeEAREdems o
4 001 0011 20019 E3], A3t o3 A] g2 Ahol= Xe] 7 F 2em, Y&
6 0.002 -0.016 0.099 ¢ oF leme] xfo| & Bt o]&= 7| o] vl upge] AAk
12 Red -0.016 0.002 -0.031 off wheh AlZFe ekt ok A vhern] B Aot dig=] 2] bt
13 -0.059 -0.007 0.006 YAH FAYEY ofATE] - AN g A7} A2t
15 -0.063 -0.038 0.064 2 SAE 9 HF AFE0] Ayl =0 Ao 7 BaE|oct,
RMSE 0.039522 | 0.01936 | 0.055236
1 001 | 001 | 0113 4.2 BAGMOIM HI# T TX|IZEAF SEH|n
2 D061 | 0006 | 0007 s WA AR VX 218 ulam
o oo oo | ogus Sk NSl mol thetol 1l a4l 26<) 8 Avgalol
1 0.058 0.064 01 Z167d0l isto] X, Y, =gkt vl wateict 1592 49 2
RMSE 0.04264 | 0.029138 | 0.070517 a2z BA7A 152 X=0.000m, Y=0.013m, Z|313}= B
3 -0.03 0.044 -0.044 ZAAA 1-32.= X=0.067m, Y=-0.066m= e} i)
7 0.056 -0.008 0.005 22 4] RMSE: X=0.048m, Y=0.030m2] 215 B3
9 Nothing| -0.054 -0.026 0.097 t} 2280] Ao Haxt Wx|AA 2-60] X=-0.007m, Y=-
ig %%‘;58 -g'?;? 0'%-314 0.001m, 232} W] 4A| 2302 X=0108m, Y=0.038m=
RMSE 0.042523 | 0.039661 | 0.067121 RO 259 3] RMSES X20064m, Y=0026m) 2

Al o] A7HA] 792 RMSES Bl ek A3t vlAgt Aol =
Urebtovt 2 ao] 749 X=0.039m, Y=0.019m, Z=0.055m=

228

242 Vrepsteh v T ARG DAY B
931,28 2 WA} golov] /| E U VST 94 E
Hgick Toble 72 182j2] v|g w8 YA Hizeto] vl

WE ROJFI 913, Table 8& 2820] vja TS A4
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Table 7. Comparison of parcel boundary point coordinates by flight altitude (1 block)

Division Orthographic ‘i‘r&lnz}]ge coordinates Orthographiclion(;z[:qge coordinates Error (m)

1 Block X Y X" Y" X-X" Y-Y"
1-1 442,136.752 153,186.837 442,136.649 153,186.846 0.103 -0.009
1-2 442,140.249 153,190.386 442,140.251 153,190.391 -0.002 -0.005
1-3 442,139.332 153,258.980 442,139.399 153,259.046 0.067 -0.066
1-4 442,135.798 153,262.559 442,135.823 153,262.547 -0.025 0.012
1-5 442,108.245 153,262.152 442,108.245 153,262.139 0.000 0.013
1-6 442,104.745 153,258.602 442,104.751 153,258.587 -0.006 0.015
1-7 442,105.513 153,189.969 442,105.566 153,190.008 -0.053 -0.039
1-8 442,109.084 153,186.480 442,109.106 153,186.509 -0.022 -0.029

RMSE 0.048 0.030
Table 8. Comparison of parcel boundary point coordinates by flight altitude (2 block)

Division Orthographic ‘i‘glr:ge coordinates Orthographiclion&?r%e coordinates Error (m)

2 Block X Y X" Y" X-X" Y-Y"
2-1 442,092.078 153,186.248 442,091.998 153,186.268 0.080 -0.020
2-2 442,095.583 153,189.788 442,095.502 153,189.810 0.081 -0.022
2-3 442,094.774 153,258.397 442,094.666 153,258.359 0.108 0.038
2-4 442,090.033 153,261.895 442,089.948 153,261.855 0.085 0.040
2-5 442,063.622 153,261.510 442,063.636 153,261.514 -0.014 -0.004
2-6 442,060.062 153,257.987 442,060.069 153,257.988 -0.007 -0.001
2-7 442,060.941 153,189.355 442,060.980 153,189.393 -0.039 -0.038
2-8 442,064.538 153,185.891 442,064.539 153,185.874 -0.001 0.017

RMSE 0.064 0.026

Fsrote] HjuE ol gk

4.3 MAIE AT} Network RTK X1&7|=F X1 H|w

u]gY 31 =1 40m, 100meflA] A3 FgArd el A&7
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Table 9. Comparison of orthophotos and Network RTK cadastral control point coordinates (40m)

NO Network RTK coordinates Orthographic o coordinates Error (m)
X Y z Y z" XX" | Y-Yy" | z-z"
1 442,246.484 | 153,163.922 102.667 442,246.511 | 153,163.941 | 102.710 | -0.027 | -0.019 | -0.043
2 442,270.116 | 153,288.769 102.347 442,270.092 | 153288.797 | 102.401 | 0.024 | -0.028 | -0.054
3 442,207.76 | 153,141.774 102.136 442,207.766 | 153,141.798 | 102.140 | -0.006 | -0.025 | -0.004
4 442,221.183 | 153,269.706 102.204 442,221.152 | 153,269.733 | 102.255 | 0.031 | -0.027 | -0.051
5 442,214,751 | 153,306.857 102.165 442,214.726 | 153,306.889 | 102.127 | 0.025 | -0.032 | 0.038
6 442,149.54 | 153,288.788 101.827 442,149.512 | 153,288.812 | 101.858 | 0.028 | -0.024 | -0.031
7 442,140.196 | 153,226.537 101.396 442,140.219 | 153,226.554 | 101.446 | -0.023 | -0.017 | -0.050
8 442,145.791 | 153,145.403 101.104 442,145.809 | 153,145.437 | 101.134 | -0.018 | -0.034 | -0.030
9 442,087.862 | 153,155.115 99.650 442,087.842 | 153,155.118 | 99.705 | 0.021 | -0.002 | -0.055
10 442,100.960 | 153,176.819 99.941 442,100.969 | 153,176.839 | 99.924 | -0.009 | -0.020 | 0.017
11 442,099.622 | 153,271.593 100.632 442,099.645 | 153271.605 | 100.601 | -0.023 | -0.012 | 0.031
12 442,050.640 | 153,270.998 99.573 442,050.668 | 153,270.966 | 99.624 | -0.028 | 0.032 | -0.051
13 442,056.354 | 153,176.226 98.746 442,056.332 | 153,176.242 | 98.801 | 0.022 | -0.015 | -0.055
14 442,000.810 | 153,153.8 97.997 442,000.834 | 153,153.836 | 97.977 | -0.024 | -0.036 | 0.020
15 442,012.664 | 153,305.726 99.037 442,012.638 | 153,305.718 | 99.030 | 0.027 | 0.008 | 0.007
RMSE 0.023 | 0.024 | 0.039

Table 10. Comparison of orthophotos and Network RTK cadastral control point coordinates (100m)

NO Network RTK coordinates Orth(’graphlcllorgﬁqge coordinates Error (m)
X Y z Y z" XX" | YYy" | z-z¢
1 442,246.484 | 153,163.922 102.667 442,246.522 | 153,163.951 | 102.597 | -0.038 | -0.029 | 0.070
2 442,270.116 | 153,288.769 102.347 442,270.153 | 153288.803 | 102.408 | -0.037 | -0.034 | -0.061
3 442,207.76 | 153,141.774 102.136 442,207.796 | 153,141.754 | 102.184 | -0.036 | 0.020 | -0.048
4 442,221.183 | 153,269.706 102.204 442,221.142 | 153,269.744 | 102.274 | 0.041 | -0.038 | -0.070
5 442,214,751 | 153,306.857 102.165 442,214,715 | 153,306.886 | 102.113 | 0.036 | -0.029 | 0.052
6 442,149.54 | 153,288.788 101.827 442,149.510 | 153,288.828 | 101.759 | 0.030 | -0.040 | 0.068
7 442,140.196 | 153,226.537 101.396 442,140.163 | 153,226.562 | 101.441 | 0.033 | -0.025 | -0.045
8 442,145.791 | 153,145.403 101.104 442,145.767 | 153145435 | 101.177 | 0.024 | -0.032 | -0.073
9 442,087.862 | 153,155.115 99.650 442,087.896 | 153,155.144 | 99.608 | -0.034 | -0.029 | 0.042
10 442,100.960 | 153,176.819 99.941 442,100.924 | 153,176.856 | 100.024 | 0.036 | -0.037 | -0.083
11 442,099.622 | 153,271.593 100.632 442,099.587 | 153,271.541 | 100.701 | 0.035 | 0.052 | -0.069
12 442,050.640 | 153,270.998 99.573 442,050.684 | 153,270.964 | 99.655 | -0.044 | 0.034 | -0.082
13 442,056.354 | 153,176.226 98.746 442,056.391 | 153,176.249 | 98.795 | -0.037 | -0.023 | -0.049
14 442,000.810 | 153,153.800 97.997 442,000.842 | 153,153.766 | 97.943 | -0.032 | 0.034 | 0.054
15 442,012.664 | 153,305.726 99.037 442,012.701 | 153,305.756 | 98.966 | -0.037 | -0.030 | 0.071
RMSE 0.035 | 0.033 | 0.063
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Table 11. Comparison of parcel boundary point coordinates by flight altitude 40m (1 block)

Division Network RTK coordinates Orthographic image coordinates 40m Error (m)

1 Block X Y X" Y X-X" Y-Y"
1-1 442,136.701 153,186.811 442,136.752 153,186.837 -0.051 -0.026
1-2 442,140.199 153,190.330 442,140.249 153,190.386 -0.050 -0.056
1-3 442,139.368 153,259.008 442,139.332 153,258.980 -0.036 0.028
1-4 442,135.769 153,262.512 442,135.798 153,262.559 -0.029 -0.047
1-5 442,108.205 153,262.178 442,108.245 153,262.152 -0.040 0.026
1-6 442,104.711 153,258.613 442,104.745 153,258.602 -0.034 0.011
1-7 442,105.527 153,189.972 442,105.513 153,189.969 0.014 0.003
1-8 442,109.074 153,186.475 442,109.084 153,186.480 -0.010 -0.005

RMSE 0.036 0.031
Table 12. Comparison of parcel boundary point coordinates by flight altitude 40m (2 block)

Division Network RTK coordinates Orthographic image coordinates 40m Error (m)

2 Block X Y X" A\ X-X" Y-Y"
2-1 442,136.701 153,186.811 442,136.649 153,186.846 0.052 -0.035
2-2 442,140.199 153,190.330 442,140.251 153,190.391 -0.052 -0.061
2-3 442,139.368 153,259.008 442,139.399 153,259.046 -0.031 -0.038
2-4 442,135.769 153,262.512 442,135.823 153,262.547 -0.054 -0.035
2-5 442,108.205 153,262.178 442,108.245 153,262.139 -0.040 0.039
2-6 442,104.711 153,258.613 442,104.751 153,258.587 -0.040 0.026
2-7 442,105.527 153,189.972 442,105.566 153,190.008 -0.039 -0.036
2-8 442,109.074 153,186.475 442,109.106 153,186.509 -0.032 -0.034

RMSE 0.043 0.039
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Table 13. Comparison of parcel boundary point coordinates by flight altitude 100m (1 block)

Division Network RTK coordinates Orth"graphiclio"&%e coordinates Error (m)

1 Block X Y X" Y X-X" Y-Y*"
1-1 442,092.028 153,186.230 442,091.998 153,186.268 0.030 -0.038
1-2 442,095.545 153,189.773 442,095.502 153,189.810 0.043 -0.037
1-3 442,094.707 153,258.380 442,094.666 153,258.359 0.041 0.021
1-4 442,090.002 153,261.904 442,089.948 153,261.855 0.054 0.049
1-5 442,063.576 153,261.535 442,063.636 153,261.514 -0.060 0.021
1-6 442,060.030 153,258.018 442,060.069 153,257.988 -0.039 0.030
1-7 442,060.928 153,189.353 442,060.980 153,189.393 -0.052 -0.040
1-8 442,064.505 153,185.907 442,064.539 153,185.874 -0.034 0.033

RMSE 0.045 0.034
Table 14. Comparison of parcel boundary point coordinates by flight altitude 100m (2 block)

Division Network RTK coordinates Orthographicli(;g::nge coordinates Error (m)

2 Block X Y X" Y" X-X" Y-Y"
2-1 442,092.028 153,186.230 442,092.078 153,186.248 -0.050 -0.018
2-2 442,095.545 153,189.773 442,095.583 153,189.788 -0.038 -0.015
2-3 442,094.707 153,258.380 442,094.774 153,258.397 -0.067 -0.017
2-4 442,090.002 153,261.904 442,090.033 153,261.895 -0.031 0.009
2-5 442,063.576 153,261.535 442,063.622 153,261.510 -0.046 0.025
2-6 442,060.030 153,258.018 442,060.062 153,257.987 -0.032 0.031
2-7 442,060.928 153,189.353 442,060.941 153,189.355 -0.013 -0.002
2-8 442,064.505 153,185.907 442,064.538 153,185.891 -0.033 0.016

RMSE 0.042 0.018
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