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Abstract

Recently, Unmanned Aerial Vehicle utilization and image processing technology for remote
sensing have diversified remarkably with Orthophoto and Digital Surface Model. In particular, It
uses more application fields such as spatial information analysis and hazardous areas as well as
land surveying. This study analyses the accuracy of the coordinate on Orthophoto and DSM height
on slope area with high and low differences by using UAV images. As the result of this study, in
the case of GCP on 2D orthophoto, the location error was not produced significantly. The vertical
position of the DSM showed the highest accuracy when the height difference between GCPs is
under 30m(RMSEZ=0.07m). The location of the GCPs was divided into approximately 10m, 20m,
30m, and 40m with analysis for each of the eight points of GCP and inspection points in general.
This study expects that producing both horizontal accuracy of Orthophoto and vertical accuracy of
DSM using UAV on the sloped area which similar to this research area will help in spatial
information fields.

Keywords: UAV, Orthophoto, Digital Surface Model, Ground Control Point, Vertical Position Accuracy
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(Scale 1/2,000)

Figure 1. Location of study area
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Figure 2. Quardcopter UAV(Matrice 210)
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Table 1. UAV specifications

UAV model Matrice 210
Type Multicopter

Span(mm) 883x886x398

Max Speed 61.2km/h(P Mode)

Hovering accuracy

(\V)£0.1m / (H)+0.3m

Flight time

< 34min

Table 2. Camera Sensor specifications

Camera model

Zenmuse X4S

Field of View(FOV) 84°
Resolution 5,472x3,648
Sensor size(mm) 13.2x8.8
Focal length(mm) 8.8
Photo type DNG, JPEG

Figure 3. Flight planning and Camera locations

Table 3. Description of UAV image acquisi-

tions

Coverage area(km’)

0.32

Number of calibrated images

294 out of 298

Flight height(m) 120(AGL)
GSD(cm) 32
Image overlap(%) 80

Figure 4. GCP and Check Points location

3.3. HIO|E] Xz2|
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HOJFH AR FAof RS HiRISH K147
FH(GCP) B HARI(CP)Q] = Table 49+ ZTH
TR FHEE T} HAREANE Pix4Dmappero Al K¢
Sh= SIFT(Scale Invariant Feature Transform)i}
SIM7TH] 715& S8l GCPE eI oM, GCP A
& QIR =0IRFE Hl o] 21510 2t Case ' U]
9] GCPE ¢t TFO= T+dalltt. 18 AlaE g
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Table 4. GCPs and Check Points(CP) Coor- LIPS 2 o LollA] GCP ARE S HOIH]
dinates by VRS-RTK AER| S Arra S uet 2 A fIXol whet =
No. X(m) Yim) Z(m) | Remark Ot tiEu "Elst 248 g6 thaaAE
1 436750.247| 205021.331| 166.901| GCP AXISICE ZF YRIoIAC] GCPEL Table 401419}
436809.774| 205168.937| 165.407| GCP 20] =0|Z2HZAE) S 7IR 1 QL FE 7Ho] =0)x}
436703.918| 205022956 153.074| GCP = Case A3, 4, 5, 6)0] A< 33T} 6HOJA] ZHol7} 7}

436771.554| 205186.535| 151.003| GCP
436597.370| 204973.751| 148.354| GCP
436609.330| 205250.296| 143.983| GCP
436539.975| 205015.293| 135.180| GCP
436562.010| 205246448 126.952| GCP
100 | 436802.707| 205129.613| 166.023| CP

Ya)

A} ACH9.1m). Case B(3, 4, 6, 7)2] 2L 3t} 71,
Case C(1, 2, 6, )= 1M} THH Z1241 Case D(1, 2, 7,
8)= 11} gHoA] 7V =4 LFERFLL o= 2kt
17.9m, 31.7m, 39.9m0] =OJRHE 7FRI T QI ot
ARt 2ol BAIA s Hatoz ZAPE A

O IN[OOjUu|DdMlw|DN

200| 436763459 205074318| 150951 cP St A AolA] st DSME Adoty] fleii= Al
300 | 436624.650| 204923332 162578| CP 7157 Ao RAlHTH £ Q610 g 4= QIrt Fetst
400 | 436655699 205084.915 150929| CP tlofe] Ad & fIel Figure 4 2 Table 49 20| &

500 | 436671200 205162875/ 151.002| CP Ho] A () g E&alo] AFAAG9] dThil i,
600 | 436665485 205268.213| 145495 CP VAR S0 QRIS HEQ] RAAHEZHTrtk)
700 | 436602.018| 205160.042| 143985 CP I} QA ZAFE (Zep) RMSEZE A (12 Lot
800 | 436515959| 205208.057| 123.680| CP 1 ZREOIEE g260] AR DSM 42R12)%]9)

Hehwg Hlsi
Table 5. Georeferencing results

Cxe | GPNa | 20 RMEm RMSE, = | ~3(2, — 7 (1)
X Y z Mean n— " L

A | 3456 | 3.48 | 0015 | 0022 | 0011 | 0.015

B | 3467 | 3.48 | 0.008 | 0014 | 0004 | 0.008 4 ZHE H|m 9 M -7}

C | 1,267 | 3.49 | 0006 | 0.009 | 0.003 | 0.006

D | 1278 | 349 | 0005 | 0.009 | 0.030 | 0.014 4.1. DSMOJ|A] 3%} X|AH7|=X QX} H|m
34. AAMEE 288 ¥=x Eot A QIR =7} THE GCP 880l Thalod Net-

work RTK 585 AAISH 2t A7 181t =01gte

ROMINER] Se HOIFEOW FE AE st 23 3 0.12m] Aol Rk Table 60l
Adde AR "ol Bele] 2EE S A=A g UERt A} Zo] F A HREQ) =07} o
HOT Hes BEst 848 TG00 5t 8 1omoj) o]2= Case AolA RMSEZ} 7+ ZA| LieRs:
£ kit 95 O1&S P2lO = STt HEGH K9] 4 ©OM Case C(2F 30m)OlA] 7+ @APF ARACE HA|
P Al7IREA iR o) ek AR A1 A1 &0l RMSEzi= Case AOlA] 0.124m, Case B(SF 20m)
o] 2¢ NgEQ0] ulet GCPRE27E 112X g 4 oflA1 0.098m, Case COllA] 0.055m 123l Case D(SF
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Table 6. Comparison between GCPs and ground observation coordinates on DSM

s Case A(m) Case B(m) Case C(m) Case D(m)
AX ‘ Ay ‘ Az AX ‘ Ay ‘ Az AX Ay AZ AX Ay Az
1 0029 | 0035 | 0019 | 0037 | 0032 | 0047
2 -0004 | 0002 | 0028 | -001 | 0024 | -0.06
3 | 0033 ] 0023|0019 0019 | 002 | -0028
4 | 0023 | 0008 | -0.116 | 0053 | 0.014 | 0093
5 | 0010 | 0036 | 0.037
6 | 0004 | 0030 | 0012 | 0001 | 0.022 | -0.009 | 0000 | 0013 | -0017
7 0026 | 0040 | 0003 | 0.005 | 0.066 | -0.040 | 0005 | 0.041 | 0.011
8 0007 | 0023 | 0030
RMSE | 0.042 | 0053 | 0124 | 0062 | 0052 | 0098 | 0,030 | 0076 | 0055 | 0039 | 0062 | 0.083

Table 7. Comparison between CPs coordinates and ground observation coordinates on orthophoto

Case A(m) Case B(m) Case C(m) Case D(m)
AX Ay AX Ay AX Ay AX Ay
Max 0.092 0.049 0.075 0.073 0.081 0.088 0.087 0.081
Min -0.034 0.003 -0.017 0.004 -0.038 0.015 -0.046 -0.004
Mean 0.045 0.029 0.037 0.039 0.023 0.037 0.027 0.034
RMSE 0.059 0.032 0.048 0.041 0.042 0.040 0.049 0.039
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E27t A7AY FAE 22t A2 GCP {IRI9
A7t oK = A9 Y-S K10 e [TF O
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=0lx7} 7R A2 CP:= 400(0.006m)at 700
(0.011m)0JH & @xFke HQl CP= 100(-0.109m),
300(0.087m), 800(0.240m)OIC}. Case BO| B 3, 4,
6, 751 GCPE AFZ310] 400(-0.016m), 700 (-0.008m)
CP7} 7Va A2 @ARFS Bl 100 (-0.098m)t
800(0.235m) CP= e QAFS LIERITE T3t GCP
1, 2, 6, THS 71&0F MAE Case CO] A% CP
200(-0.004m)3} 600(-0.003m)2] @A} &A A
oIl CP 800(0.196m)2 O Case@} FAFGHAl
AFo] 7VE A LFERSITE BHH Case D (GCP 1,2, 7,
8)= CP 200(-0.036m) 2} 800(-0.032m) 2 O] A Case
ofl Hlall DSM =013kl THe ZukE =L 0]49)
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Figure 5. Location of Check Points with ground
elevation in study area
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Table 8. Comparison elevation of ground observation(Network RTK) and CPs in study area

. Network RTK Coordinate(m) Case A(m) Case B(m) Case C(m) Case D(m)
S
X Y YA (Zrik-Za) (Zrtk-Zs) (Zrk-Zo) (Zrtk-Zb)
100 436802.707 | 205129.613 166.023 -0.109 -0.098 -0.020 -0.044
200 436763.459 | 205074.318 150.951 -0.053 -0.066 -0.004 -0.036
300 436624.65 | 204923332 162.578 0.087 0.071 0.061 0.247
400 436655.699 | 205084.915 150.929 0.006 -0.016 -0.014 -0.113
500 436671.200 | 205162.875 151.002 -0.022 -0.039 -0.028 -0.208
600 436665.485 | 205268213 145.495 -0.034 -0.022 -0.003 -0.273
700 436602.018 | 205160.042 143.985 0.011 -0.008 -0.022 -0.217
800 436515.959 | 205208.057 123.680 0.240 0.235 0.196 -0.032
Max 0.240 0.235 0.196 0.247
Min 0.006 -0.008 -0.003 -0.032
RMSE 0.095 0.092 0.070 0.164
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Figure 6. Height Difference(max, min, RMSE) of Check Points for various cases
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Figure 7. Comparison 4-case residual by ground
observation coordinates
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