Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography ISSN 1598-4850(Print)

Vol. 34, No. 3, 283-290, 2016 ISSN 2288-260X(Online)
http://dx.doi.org/10.7848/ksgpc.2016.34.3.283

XA FRIetE7|E 018¢t At ZAIK|He| HAIEY &
X B R R
Orthophoto and DEM Generation in Small Slope Areas Using Low
Specification UAV

urzisr . olsp

Park, Jin Hwan - Lee, Won Hee

Abstract

Even though existing methods for orthophoto production in traditional photogrammetry are effective in large
areas, they are inefficient when dealing with change detection of geometric features and image production for
short time periods in small areas. In recent years, the UAV (Unmanned Aerial Vehicle), equipped with various
sensors, is rapidly developing and has been implemented in various ways throughout the geospatial information
field. The data and imagery of specific areas can be quickly acquired by UAVs at low costs and with frequent
updates. Furthermore, the redundancy of geospatial information data can be minimized in the UAV-based
orthophoto generation. In this paper, the orthophoto and DEM (Digital Elevation Model) are generated using
a standard low-end UAV in small sloped areas which have a rather low accuracy compared to flat areas. The
RMSE of the check points is 6, = £0.12 m on a horizontal plane and oy = +£0.09 m on a vertical plane. As a
result, the maximum and mean RMSE are in accordance with the working rule agreement for the airborne
laser scanning surveying of the NGII (National Geographic Information Institute) on a 1/500 scale digital map.
Through this study, we verify the possibilities of the orthophoto generation in small slope areas using general-
purpose low specification UAV rather than a high cost surveying UAV.
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Orthophoto and DEM Generation in Small Slope Areas Using Low Specification UAV

7)(DIIAHS] Inspire 1)E A8t F-EARS

Mo Rl 23g wYo) RAFY e oA 150m ofalR FFAKLRL Ao, 3
o} g A SAIRES 7HAAL Qltk Table 137 Table 2 = 315 F 60mof|A] of 2m/s@] &80 & 15E3F u|gisto] &
FIARIEG] o188 RAFF7] Lol AflolTh.  ARIEAS AL,

20159 99 F=7 AR YS AAlskgloH, Ak FEARFEL o] f-euetoll A A5 ul3 7]50] A
A FuEe} RG] ArpulAARe Tedte] 54 UsX o] e SEulaubao s A5tk teby
HRYEAE sk FaARIE Y] A FUE 37 Aol 4 DILGO of & Ao AdE o835k 213 LA %
£ Hd 3% 4,500m714) Blgge] 7HselAt FE WS R  AE Foto] 452G P02 Fig 29} 22 % esefe] o
P ABE, ABFE AN HT 2FA FAA AL FSS

Table 1. Specifications of UAV Table 2. Specifications of camera
UAV : Inspire 1 Camera : Fc 350

=t

"!' <>

Weight 2935g Resolution 4,000 x 3,000
Speed <22m/s Focal Lenth 3.6lmm
Flight Altitude <4500m F-Stop F/2.8
Flight Time <18min FOV o4°
Vertical : 0.5m ISO 100
Hovering Accuracy
Horizontal : 2.5m Piexl Size 1.561 x 1.561um
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Fig. 3. GCP surveying with Network-RTK
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Table 3. Coordinates of GCP

Point X(m) Y(m) H(m)
1 420656.21 123245.35 82.94

4 420569.99 123395.20 74.95

8 420452.15 123552.74 65.09
12 420301.56 123449.51 64.66
14 420411.54 123421.89 69.14
16 420418.12 123289.75 74.96
19 420554.17 123161.50 81.08
24 420519.22 123307.40 78.49
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Where X, Y, Z : Point coordinates in the local camera

coordinate system,



Orthophoto and DEM Generation in Small Slope Areas Using Low Specification UAV

u, v : Projected point coordinates in the image coordinate
system(in pixels),

£ focal length,

C,» €y : Principal point offset,

K, K,, K3, K, : Radial distortion coefficients,

Py, Py, Py, P, : Tangential distortion coefficients,
By, B, : Affinity and non-orthogonality (skew)coefficients,

w, h : Image width and height in pixels.
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Fig. 4. Image residuals for FC350

Table 4. Interior orientation parameters

J2:2383.82
Focal Lengh(Pixel) .
fy:2385.80
C,:1965.08
Principal Point(Pixel) CI' '
y: 1518.00
Skew Coefficient 0.594531

P1:0.000557514
D2:-0.00028896

Radial Distortion(mm)

Tangential Distortion(mm)

ky -0.143069 ks, 0.142076

ks -0.050542 k, 0.015142

3.2 FoEd

GAH g E3L, Feature based®4]2] SIFT(Scale-Invariant
Feature Transform) 7|{-& o|-835}o] AFE0 72 GAFo] A3
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3}o] DoG(Difference of Gaussian) GAF YloA] ZEEH
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£ 535lo] JAF] SALE 7 == T Lowe et al., 2004).

m>9
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£ FHEE L Gk 9] 3-559] Aol v
50 A 3-6he] 33
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Fig. 6. Key point
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Fig. 9. GCP and check point of locations
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Table 5. Check point errors(m)

Point X error Y error Z error
2 -0.22 0.04 0.06
3 -0.09 0.07 -0.09
5 0.04 -0.06 -0.24
7 0.02 0.07 0.06
9 0.13 0.06 0.01
10 0.03 0.13 0.05
11 0.10 0.08 0.03
13 -0.03 -0.06 -0.04
15 0.02 -0.03 -0.01
17 0.04 0.04 0.10
18 0.01 0.01 0.11
20 -0.04 -0.11 0.09
21 -0.20 0.01 0.08
22 -0.10 -0.03 0.01
23 -0.02 0.01 0.08
STDEV 0.10 0.07 0.09
maximum 0.22 0.13 0.24
value
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Table 6. Tolerance band of errors

Scale St?n(_iard Maximum
Deviation(m) value(m)

1/500~1/600 0.14 0.28
1/1,000~1/1,200 0.20 0.40
1/2,500~1/3,000 0.36 0.72
1/5,000 0.72 1.44
1/10,000 0.90 1.80
1/25,000 1.00 2.00
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