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ABSTRACT

We mainly investigate the influences of the distributions of the control points, and the flight
designs on the Unmanned Aircraft System (UAS) surveys. A rigorous and completed UAS mission
with fixed-wing vehicle was carried out on the campus of National Chung Hsing University (NCHU)
in June, 2013. Pix4Dmapper was used to generate 3D point clouds and digital surface model (DSM).
The related results were subsequently evaluated by land survey at both horizontal and vertical
components.In addition, two previous UAS missions implemented on NCHU in 2011~2013 are also
compared with the new mission. The case 3-O shows the best result and the RMSE. At horizontal
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component, the RMSE are 16.3 and 35.1 cm validated by ground and building check points,
respectively; at vertical component, the RMSE are 10.2 and 52.6 cm validated by ground and

building check points, respectively.

(Keywords: Unmanned Aircraft System, Pix4Dmapper, 3D Point Clouds).
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Figure 1.The relation between object space
and image space.
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Figure 2. The campus of National Chung
Hsing University.
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DMC-FT2.
A5 Panasonic DMC-FT2

B4 fRifR: 4320 x 3240
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% B F3.3-F5.9

Y & 1/1300 % 60 #;
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Table 5. The specification of Canon
PowerShot S100

A5 Canon PowerShot S100
B fRR: 4000 x 3000
135 % & 24mm I 120 mm
LEER: F2- F5.9
B iE R 1/2000 = 15 #;
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3200/4000/5000/ 6400
FHE

7% 6 Samsung NX200 A&
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NX200
Ek3 Samsung NX200
Bk fRiR: 5472 x 3648
135 & §E: HBLER M E
% 8§ F: ALALER A
[ 9 1/4000 % 30 #;
1ISO g & i&: 100 - 12800
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Figure 5.Distribution of feature ground
control points.
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Figure 7. Distribution of all artificial
photogrammetric targets.

8 HHIHIE B SRR
Figure 8. The distribution of ground (red)

and building (yellow)check points, and the
boundary of test area(blue).
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Figure 9. Dense 3D point cloud data.
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Table 9. The accuracy validated by ground check points at horizontal component.(unit:cm)

(analysis 1)
i 1-1 2-1 3-1 1-2 2-2 3-2 3-3
TIDFEL 555.7 1221.8 692.9 243 26.3 16.5 14.2
HEikL 227.7 36.8 101.8 20.8 14.2 8.1 9.9
RMSE 597.0 1222.3 699.7 314 29.6 18.2 17.1

% 10 bhc M IRREC P IS (B A7)

Table 10. The accuracy validated by building check points at horizontal component. (unit:cm)

(analysis 1)
T 1-1 2-1 3-1 1-2 2-2 3-2 3-3
L3534 457.6 1182.4 706.6 50.4 437 36.2 31.3
BEHL 218.6 412 105.3 26.3 29.4 18.4 18.0
RMSE 481.4 1132.7 683.3 53.9 49.7 38.5 34.2

% 11 PR bR AR P RS (B © 457)

Table 11. The accuracy validated by ground check points at horizontal component. (unit:cm)

(analysis 2)
Y 3-3 31 3-0 3-E 3-S 3-N 3w
Ty L 14.2 13.7 13.9 14.6 18.9 15.8 19.8
o £ 9.9 10.2 8.8 7.9 9.2 8.6 10.7
RMSE 17.1 16.8 16.3 16.5 20.8 17.8 22.2

® 12 Phi AR ARREC PR E (B A5)

Table 12. The accuracy validated by building check points at horizontal component. (unit:cm)

(analysis 2)
X X1 3-3 3-1 3-0 3-E 3-S 3-N 3-W
T35 31.3 345 34.2 31.1 36.4 35.1 56.5
TRk L 18.0 18.2 16.5 9.9 21.0 16.1 18.0
RMSE 34.2 37.0 36.1 31.1 39.8 36.6 56.5
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Figure 10. The amounts and directions of the honrizontal errors at (a) Case 3-3(b) Case 3-1(c)
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Table 13.The accuracy validated by ground check points at vertical component. (unit:cm)

(analysis 1)
L 1-1 2-1 3-1 1-2 2-2 3-2 3-3
L3534 446.9 498.7 567.4 36.5 18.7 14.3 9.3
TEHL 78.3 155.8 445 52.4 25.6 16.1 10.3
RMSE 453.1 520.5 569.0 56.1 25.0 17.7 10.9
14 bR AR S aR A= (B - A7)
Table 14.The accuracy validated by building check points at vertical
component.(unit:cm)(analysis 1)

i 1-1 2-1 3-1 1-2 2-2 3-2 3-3
*io%A 4722 495.0 627.4 458 65.4 50.0 49.2
F 3k i £ 61.7 191.1 80.7 50.8 60.5 58.0 44.4
RMSE 455.6 505.0 605.1 51.9 67.7 58.4 53.7
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Table 15. The accuracy validated by ground check points at vertical component. (unit:cm)

(analysis 2)
iy 3-3 3l 3-0 3-E 3-S 3-N 3-W
A 9.3 14.6 9.0 27.9 92.3 24.8 269.3
Fik ik L 10.3 18.2 10.4 22.9 43.2 16.1 1325
RMSE 10.9 19.1 10.2 34.6 101.1 28.7 297.7

* 16 thi RIS IR = (BT © 2 97)

Table 16. The accuracy validated by building check points at vertical component. (unit:cm)

(analysis 2)
TSR 3-3 3-1 3-0 3-E 3-S 3-N 3-W
Lo 36.8 56.4 50.0 48.2 139.1 59.0 361.2
FRimEL 44.4 62.4 51.0 53.8 59.6 56.2 167.9
RMSE 53.7 64.1 52.6 53.1 143.9 74.3 378.2
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Figure 11. The relationship between vertical
errors and geodetic coordinates(a)Case 3-E
and E-W going direction (b)Case 3-S and
N-S going direction (c)Case 3-N and N-S
going direction (d)Case 3-W and E-W going
direction. The blue and orange dots mean
ground and building check points,
respectively.
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