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Image Georeferencing using AT without GCPs for a UAV-based
Low-Cost Multisensor System
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Abstract

The georeferencing accuracy of the sensory data acquired by an aerial monitoring system heavily depends on the
performance of the GPS/IMU mounted on the system. The employment of a high performance but expensive
GPS/IMU unit causes to increase the developmental cost of the overall system. In this study, we simulate the images
and GPS/IMU data acquired by an UAV-based aerial monitoring system using an inexpensive integrated GPS/IMU of
a MEMS type, and perform the image georeferencing by applying the aerial triangulation to the simulated sensory data
without any GCP. The image georeferencing results are then analyzed to assess the accuracy of the estimated exterior
orientation parameters of the images and ground points coordinates. The analysis indicates that the RMSEs of the exte-
rior orientation parameters and ground point coordinates is significantly decreased by about 90% in comparison with
those resulted from the direct georeferencing without the aerial triangulation. From this study, we confirmed the high
possibility to develop a low-cost real-time aerial monitoring system.
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32 1. mini-UAV (SWISS UAV: NEO S-300)

H 2. UAV Platform 2 Efxf MAM2| X

Component Model Specification

NEO S-300 | Payload : 20kg
UAV

(SWISS UAV)| Flight Endurance : 2.5~3Hours

Frame rate : 10fds

GD155000C
DC Effective Pixels : 2456 X 2508
(GEVICAM)
Pixel size : 3.45pm
XNP 1.4/17 | F-number : 1.4
Lens
(schnelder) | Focal Length : 17mm
Position accuracy : 2.0~2.5m
GPS Angular accuracy : 2deg
MTI-G GPS Data rate : 4Hz
MEMS (Xsens) IMU Data rate : 100Hz
IMU Weight : 0.068Kg
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sensor prperties values
Lens Focal length 17mm
Frame rate 2
No. of Pixels 2456 < 2058
Camera
Pixel size 3.45um
Fixed Image size 8.47x7.10mm
Values | Platform | Flying velocity 36km/h
pattern S5X5
configuration
Sidelap 0.2%
GPS Position accuracy 2.25m
MEMS IMU| Angular accuracy 2deg
Flying aititude | 200m(94.984%)
Platfrom e
Changed (Overlap) 400m(97.492%)
Values . No. of Strips/ 1/800m
Configuration
Length of a strip 2/500m
B4 MYE Y, SEE, xYEY N
. No. of | No. of Image |No. of ground
configuration X .
Images | points points
Aititude: | 800m strip X1 144 2505 160

200m | 500m strip X2 168 2713 140
Aititude: | 800m strip X1 124 1926 60

400m | 500m stip X2 128 2081 72
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A=5ete)A], A27d A2%
H S, RFAM Hut 29 XIMH EE het SHY
Intial Graound Points Adjusted Ground Points
X[mm] Y[mm] Z|mm] X[mm] Y[mm] Z|mm]
Minimum -15982 -30069 -11222 -1017 -810 -1132
Maximum 25700 20325 145135 1259 175 820
Average 571 -661 24694 65 -439 -563
Std_dev. 4701 5544 25537 561 218 315
RMSE 4736 5583 35577 565 492 647
W oo A7|17F AA FASHHAT 3] randomsl o AHAFRE vlstH A 5H AlA HolEof gt
Z] &1 systematicet | EH-S Hole= AS & 4 Qltt 9] Zolth, 6, 7, %8 181 ¥ 9F Ay RnE
= 55 Sife) suipubs ALG] ool B4k tkol T AW 2ol ok Azhe) RMSE 8 1 RAES 2elE
BHE BHA AREHULY BAZE0] HYHOR 5 Utk ofF FAWHY WS HobdsE RMSE)
BESA 2AHA F7] EQl Ao Wtk W FAEL wolAk: AL & 4 ok =3k G4 1]
oF 4 Ao AA7IE eIt Theel stripS AHTTH 2 FHER baselineo] ZoPA| L of whizo] XA H
Hot YetstA F4E AR 7|HHh % 29] 7] RMSEZ} AA] UehY7] gjZefl AT 4842
2 7Pg 2 =S Bl
4.3 BBx 2
ol4ye] Aute} Tof djat 24 200m 7] 4] 800m
26 2F 1|¢_* M 59| RMSE H|@ 7. 71|/.\_+ M 9| RMSE H|x
(H/ ! 200m, Strip: 800m X1) (H IE-, &: 200m, Strip: 500m X2)
200m 200m
Parameters Ini.App. | adjusted % Parameters Ini.App. | adjusted %
X m 2222 0.431 19.4 X m 2.405 0.544 22.6
Y 2.177 0.510 234 Y 2.192 0.542 24.7
HOs Z m 2.284 0.308 13.5 HOs Z m 2219 0.445 20.1
w deg 1.792 0.207 11.6 W deg 1.920 0.217 11.3
P deg 1.917 0.193 10.1 P deg 1.714 0.246 14.3
K deg 2.104 0.072 34 K deg 2.123 0.040 1.9
X 4.736 0.565 11.9 X 6.000 0.493 8.2
GP Y m 5.583 0.492 8.8 GP Y m 3.867 0.420 10.9
V4 m 35.577 0.647 1.8 Z m 38.288 0.553 1.4
No. of images - 144 No. of images - 168
No. of GPs - 160 No. of GPs - 140
No. of IPs - 2505 No. of IPs - 2713
No. of lter - 11 No. of lter - 13
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UAV 7|8t A7} DEAAAI SRS 91RE 7125 ATE 0839 7d¢] Georeferencing

I8, ZZA4H ™ Fo| RMSE H|w
(g2 =2 400m, Strip: 800m X 1)

B9, ZF7A M 59| RMSE H|1W
(H/@ 1 =: 400m, Strip: 500m X2)

200m 200m
Parameters Ini.App. | adjusted % Parameters Ini.App. | adjusted %
X m 2.329 0.982 422 X m 2313 0.959 41.5
Y m 2.541 1.006 39.6 Y m 2.332 0912 39.1
EOs Z m 2.226 0.230 10.3 EOs Z m 2.401 0.206 8.6
W deg 2.080 0.149 72 W deg 2.201 0.183 8.3
P deg 2.076 0.146 7.0 P deg 1.966 0.145 74
K deg 2.142 0.066 3.1 K deg 2.099 0.064 3.1
X m 12.696 0.227 1.8 X m 20.642 0.772 3.7
GP Y m 10.349 0.307 3.0 GP Y m 15.087 1.070 7.1
z m 88.534 0.594 0.7 Z m 119.846 1.701 1.4
No. of images - 124 No. of images - 128
No. of GPs - 60 No. of GPs - 72
No. of IPs - 1926 No. of IPs - 2081
No. of lter - 12 No. of Iter - 12
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