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ABSTRACT: A high resolution remote imaging system using a vertical take-off and landing

helicopter- type unmanned air vehicle has been built and successfully tested. The aircraft is navigated

using differential GPS and autonomously tracked a set of waypoints defined on Google map. The

vertical take-off and landing-type aircraft is chosen due to its high maneuverability and its capability to

flight in condensed area with physical obstacles. The aircraft was planned to flight and taken pictures at

low altitude changing from 10m to 300m. The experimental results shown that the image resolution in

horizontal plan and vertical plan is lower than 3cm and 20cm, respectively. These initial results open a

new way for building high resolution remote image for small area and in real-time for diverse civil and

military applications.
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1. INTRODUCTION

To observe and reconstruct the Earth
surface, images taking from satellites and
aircrafts are commonly used. These two remote
imaging techniques as being applied for small
areas result in low-resolution images with
relatively high-cost. In addition, these two
techniques are not able to provide images in
real-time (at a prescribed time). Recent
experimental studies [1-7] show that the
shortcomings of above-mentioned imaging
techniques can be overcame by the remote
imaging system based upon unmanned air
vehicle (UAV). Figure 1 summarizes the
resolution in horizontal plan of images

obtained by different imaging techniques. The

remote imaging system based upon UAV
taking images from low altitude (from 10m to
300m) provides spatial resolution that can be

lower than 10cm [7].

To develop remote imaging techniques that
is able to provide high resolution, real-time
images for social applications and economic
development, as well as for national security
applications is important items of Viet Nam’s
strategy in space research and applications until
2020 officially approved by the Prime Minister
on June 2006, according to the Decision
number 137/2006/Qb-TTg. However, Viet
Nam has been mainly using satellite images
(taken from 500km to 900km altitudes) and

images taken from aircraft for altitudes from
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300m to 1.000m. The high-resolution imaging
system based upon UAV being capable of
taking images from low altitudes ranging from
10m to 300m is highly demanded and
promisingly applied in many social-economic
and military applications, such as: hydraulic
dam observation, aquarium plants observation,
plant classification, quick discovery of filled
canals, rescue planning support, urban
management, environmental observation, large
scale map used in military surveillance,....
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Figure 1. The resolution in horizontal plan of

different remote imaging techniques

This study presents the experimental
results of high-resolution remote imaging
system based upon UAV conducted in Viet

Nam. The paper is organized into four sections.

The technical specifications of UAV is
presented in Section 2. Experimental imaging
flights and taken image resolution evaluation
are presented in Section 3. Section 4 draws
major conclusions and discusses further

required studies.

2. DESCRIPTION OF REMOTE
IMAGING SYSTEM USING UNMANNED
AIR VEHICLE

UAV-based high-resolution remote
imaging system has been experimented and
evaluated under Viet Nam real conditions.
Images were continuously taken at prescribed
GPS-defined positions and sent to ground
station for further analysis. UAV-based remote
imaging system includes following main

equipments:

+ AscTec Falcon 8 (UAV);

+ Global Positioning System (GPS);

+ High resolution camera;

+ Flight planning procedure and image
processing softwares.

The main contribution of this study involve
the development of flight planning procedure
development and image reconstruction
software based upon overlapped images taken

by camera.
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(a) AscTec Falcon 8

/

(b) Ground station control equipment

(c) IMU and battery

Figure 2. Unmanned air vehicle (UAV) used and its equipments

2.1. Unmanned air vehicle

The UAV-based remote imaging system is
developed using a commercially available,
low-cost aircraft, namely called AscTec Falcon
8, a vertical take-off and landing (VTOL)
aircraft imported and assembled by ISTS (see
Figure 2(a)) [10]. The aircraft major technical

specifications include:
+ Maximum take-off weight: 1.8 (kg);
+ Payload capacity: 500 (g);

+ Flight time: 20 — 30 minutes (limited by
battery capacity);

+ Maximum sustainable wind speed:
10m/s;

+ Image transfer frequency: 5.8 GHz;

+ Control signal frequency from ground
station (see Figure 2(b)): 2.4 GHz.
2.2. Global Positioning System (GPS)

To increase the positioning accuracy,
differential GPS (DGPS) that consists of two
GPS receivers (U-block LEA-4T) is used: one

is installed on the aircraft and another one is
planed on the ground at a known position and
plays the base station. This technique permits
to determine correctly the center of taken
images and then directly affect the resolution of

reconstructed 3D images.
2.3. Camera

A low cost, commercially available
camera, namely called Ricoh GX 200 with
built-in SD card is used. One will see later that
this camera is adequate and capable of
providing high-resolution reconstructed
images. Due to the limited efficient load of
UAV platform and in order to keep the system
to be easy, this camera is used and the installed
stabilization plant. This photograph system can
provide very high-resolution image for large-
scale mapping and routine monitoring due to
the possibility of very low altitude flying of

UAV.
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2.4. Flight planning and image taking

procedure

The system could be planned to operate in
two different modes: (1) autonomously flight
and take images at prescribed GPS-defined
locations (2) manually flight control (thanks to
real-time images observed) and take images at
preferred locations. Depending on the targeted
applications, resolution requirements, an
appropriate flight trajectory will be defined.
The distinct and overlapped images will be
processed using commercial such as
Cartomation (orthogonal image reconstruction)
[9], Radmetry (3D image creation) and GIS
software [8]. The workflow for UAV mapping
is similar to the workflow of man-based aerial
mapping system. Flight planning procedure and
image processing consists of the determination
of the observed area and plan flight trajectory.
After the automated data acquisition, out of the
acquired raw data products orthoimages, digital
surface model (DSM) or 3D models for
possible UAV mapping applications.

3. RESULTS AND DISCUSSIONS

The UAV-based remote imaging system
has been experimented for the Information
Technology Park (ITP) of VietNam National
University — Ho Chi Minh City (VNU-HCM)
area with the cooperation with ISTS company
(Information & Science Techno-System Co.
Ltd, Japan) on 29 March, 2010. Figure 4 is the
observed area and planned flight trajectory plot

on Google Earth framework.

Analyze the observed area

v

Plan flight trajectory

Y

Flight and take images

Reconstruct images /1\
~

Image quality’s not
Y ok?

Roughly analyze reconstructed image Ey

\V ok
Orthogonal/3D image and DSM model

Figure 3. Flight planning procedure and image

processing strategy

Table 1 summarizes the dependence of
horizontal resolution as function of flight

altitudes. One notes that the image resolution

decreases as flight altitude increasing.

Figure 4. Planned flight trajectory plot on Google
Earth
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Table 1. Horizontal resolution evaluation

Resolution| Observed Flight | Number
area altitudes of
images
200m x
1,1cm 100m 30m 99
240m x
3,3cm 240m 90m 52
150m x
3,6cm 250m 100m 19
450m x
5,5cm 300m 150m 36

An image processing software was
developed that permits to reconstruct
orthogonal image, DSM model and 3D images
for large scale area based upon overlapped
images (see Figure 5).

3.1. Horizontal error evaluation

Table 2 summarize edge dimensions of
instances found in observed area and error
evaluation results. Here:

+ So: real dimension of instances’ edges;

+ S:  dimension  determined on
reconstructed images;

+ n = 13: number of edges used for error
evaluation.

The horizontal dimension error is defined

as follows:

=+0,027m = +2,7cm
This result helps to confirm the spatial

resolution of images reconstructed form UAV-

based remote imaging system announced in

literatures.

3.2. Altitude error evaluation

%, ‘ -ﬂ

(a) Original taken images

(b) Orthogonal image reconstructed by
stitching processing technique

' (é)'Onhdgdnal iﬁééé reconsthéted by
stitching processing technique

Figure 5. Reconstructed DSM model and orthogonal
image of ITP-VNU-HCM Administration Building

Table 3 presents the altitudes of instances
in observed area determined by reconstructed
3D image. Here:
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+ ho: real altitudes of controlled points of

instances;

+ h: altitudes determined on 3D

reconstructed images;

+ n = 13: number of instance used for error

evaluation.

Altitude error is determined as follows:

(h-hy)? 0,493
de:i - = + |— =
n 13

+0,195m = £19,5cm

5. CONCLUSIONS

In conclusion, experimental results are
very promising and clearly demonstrated the
capacity of UAV-based remote imaging system
to provide high-resolution image (with
resolution lower than 3cm in horizontal plane
and lower than 20cm in altitude) for small
areas with quite low cost. This opens a new
way to build up high resolution 3D images for
small and constrained areas in real time with

quite low costs.

Table 2. Edge dimension and error evaluation

\e Edges So S S-S (S-So)*
(m) (m) (cm) (cm?)

1 A 4,40 4,427 2,7 7,29
2 B 2,00 1,988 1,2 1,44
3 c 6,75 6,749 0,1 0,01
4 d 12,48 12,494 1,4 1,96
5 e 12,26 12,281 2,1 4,41
6 f 12,40 12,391 0,9 0,81
7 g 6,60 6,586 1,4 1,96
8 h 6,77 6,708 6,2 38,44
9 i 6,00 5,981 -1,9 3,61
10 k 6,00 6,019 1,9 3,61
11 I 6,04 6,046 0,6 0,36
12 m 1,035 1,040 0,5 0,25
13 n 0,935 0,990 5,5 30,25

Sum 94,4
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Table 3. Determined altitudes of objects and error evaluation

Ne Objects ho (M) h (m) h - hg (M) (h - ho)® (m?)
1 P1 5,25 5,2 -0,05 0,002
2 P2 5,25 4,9 0,35 0,123
3 P3 5,25 4,9 0,35 0,123
4 P4 53 5,5 0,2 0,040
5 P5 6,18 6,1 -0,08 0,006
6 P6 19,745 19,7 -0,045 0,002
7 P7 18,9 19,2 0,3 0,090
8 P8 53 54 0,1 0,010
9 P9 5,25 5 0,25 0,063
10 P10 6,18 6,2 0,02 0,000
11 P11 5,56 54 0,16 0,026
12 P12 5,18 5,1 -0,08 0,006
13 P13 3,25 33 0,05 0,002

Sum 0,493

XAY DUNG HE THONG THU NHAN ANH PQ PHAN GIAI CAO SU DUNG MAY
BAY KHONG NGUOI LAI

Lé Vin Trung®, Nguyén Anh Thi®
(1) Khu Cong Nghé Phan Mém, PHQG-HCM
(2) PHQG-HCM

TOM TAT: Hé thong thu nhén anh vién tham dé phén gidi cao, gid thanh thap sir dung may bay
khéng ngueoi ldi kiéu cdt ha canh thang dimg, hoat déng linh hoat trong diéu kién dia hinh phite tap, c6
khd ndng bay va chup dnh ¢ cao dé thap tir 10m dén 300m da duoc xdy dung, bay thir nghiém va ddanh
gid trong diéu kién Viét Nam. Két qua thu nhan anh thir nghiém cho thdy hé thong cé kha nang thu nhdn
anh voi do chinh xdc theo phuwong ngang nho hon 3cm va do chinh xac cao do nho hon 20cm. Nghién
Ciu mé ra mot gidi phdp méi, hiéu qua dé xdy dung anh vién tham do chinh xdc cao, thoi gian thiec
phuc vu cdc tmg dung ddn sinh — quéc phong quan trong.

Tir khéa: Mdy bay khong nguoi ldi, kiéu cdt ha canh thang dimg, tao anh vién tham
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