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Abstract Various fields use drones for regions of interest monitoring as the drones' generic utility
increases with the development of related technologies. In particular, drones have been used in various
studies in road and transportation to efficiently observe a complex road environment composed of
various objects. However, previous studies rarely dealt with drone operation methodologies for
efficiently monitoring road/traffic information. Hence, this study proposed a drone operation
optimization methodology for efficient road/traffic information monitoring. First, a road/traffic
observation prototype simulator was developed as part of this study. The simulator is based on the
mathematical models of sensors mounted on the drone for highly realistic simulated data. It also
supports the virtual test-field production and drone route configuration. Subsequently, the developed
simulator was used to create a virtual test field including objects of the road/traffic environment and
generate optical camera and LiDAR simulation data. In addition, the effect of sensor specifications,
monitoring direction, and location on each object's monitoring was analyzed using the simulated data.
Finally, the optimal drone operation methodology was suggested based on the simulation, demonstrating
the utilization of the simulator.
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Table 1. The main features of the developed
prototype simulator

Module Function of module

Sensor
characteristics
input module

Setting the number and type of sensors
Setting interior orientation parameters
Setting each sensor's distortion parameters

Test-field X X .
X Objects generation and import
generation .
Objects placement
module

Setting lever arm parameters(relative

Sensor exterior i .
orientation parameters)

orientation . . . .
L Setting exterior orientation parameters
determination (Sensor system flight path setting)
module 4 sht b 8

Simulation data generation
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Where, (xp, yp)are the coordinates of the

principal point, f is the focal length, M is
rotation matrix, (X, Y, Z) are the coordinates of
the GCP(Ground Control Point), (X0, YO, Z0, o,
@, k) are EOPs (External Orientation Parameters),
and (Ax, Ay) are camera lens distortions.

Az =z (K + Ky + Kg®) + P, (r* +252) 3)
+2Pzy+ Ajz+ Ay

Ay = y(K* + Kp* + Kp®) + 2Py
+P2(7‘2 +2§2)
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r=1y 52-5-372
where, 4x and 4y are distortions of the image
coordinates x and y, and K1, K2, K3, P1, P2, Al,

T
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and A2 are distortion parameters
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where, r is the distance from the principal point
to the image point and @ is the incident angle of
the GCP
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where, p, 6, and ¢ are raw distance

measurement, encoder angle measurements, and

fixed vertical angle, respectively
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where, Ap, A@, and Ae indicate a range offset,
a vertical angular offset, and a horizontal angular
offset, R is the rotation matrix which transforms
the local coordinate system j to the reference
coordinate system with the rotation angle w, @,
and «, and [Xj Yj Zjl is the translation from j th

scan to the reference coordinate system.
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Table 2. Sensor characteristic information required
to be input to the simulator
Sensor Information
Conventional (Perspective)
Fish- idistant,
Projection model ,IS . eye (equidistan
equisolid-angle, orthogonal,
and stereographic)
Optical | Interior orientation | Principal point coordinates
camera parameters Focal length
Distortion parameters
Image & pixel size
Random error (noise)
Vertical
FOV
Horizontal
Vertical
Angular resolution
Horizontal
LiDAR Maximum and minimum range
Range
Offset Vertical angular
Horizontal angular
Random error (noise)
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Fig. 1. Test field generation module of developed
simulator

Fig. 2. Example of the generated test field
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Fig. 3. Example of sensor relative orientation
parameters input

Fig. 4. Example of the drone flight path setting
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(a)

(b)

Fig. 5. Example of produced simulation data (a)
optical camera image, (b) LiDAR point cloud
(colored by height)
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Table 3. Monitoring targets in simulation experiments

Double solid
Single Solid
Dashed

Cross walk

Lane marking

Curb damage
Crack
Shape

Road condition

Vehicle

License plate
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Table 4. Test fields for simulation experiments Alpha Prime
Test field Obi fi .
No. ject contiguration Table 6. Sensors placement, altitude, and speed of
Tane markings the drone for simulation experiments
1 Road curb
Building Sensor placement 45° (oblique)
Lane markings (data acquisition angle) 90° (downward)
Road curb 25 m
2 Building Altitude 50 m
Vehicle(sedan, bus) with license plate (drone) 100 m
Tree 150 m
3 Road crack (width 1, 2, and 3cm)
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Table 5. Specifications of used sensors in
simulation experiments

Sensor Specifications
Projection model Perspective
Principal point coordinates 0,0
Focal length 4.5 mm
Optical Image size 4056 x 3040
camera
Pixel size 0.00155 mm
Random error (noise) 0.5 pixel
Reference model DJI zenmuse H20
Vertical 30°
LiDAR 1 FOV
Horizontal 360°
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Fig. 6. Simulation image and point cloud for test
field 2, 50m altitude, and 3m/s speed (a)
optical camera (45°), (b) optical camera

(90°), (c) LiDAR 1 (45°), (d) LiDAR 1 (90°), (e)
LiDAR 2 (45°), () LiDAR 2 (90°)
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Fig. 8. Results of curb monitoring using an
optical camera in test field 1
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Table 7. Result of analysis of curb monitoring
possibility using LiDAR in test field 1

Sensor | Altitude Point cloud density
Sensor A
placement|  (m) (# of point / 0.15mx0.15m)
25 0.30
450 50 0.03
100
150 Out of range
LiDAR 1 % 03
90° 50 0
100 Out of
150 ut of range
25 3.07
. 50 0.51
& 100 0.11
R 150 0.03
LiDAR 2 5 438
o 50 0
%0 100 0
150 0
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Fig. 12. Results of road crack monitoring using
an optical camera
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st AL QI 4= 9t} Table 9. Comprehensive analysis of road/traffic
monitoring simulation experiments
Table 8. Result of analysis of road crack monitoring Target Sensor Altitude (m)
possibility using LiDAR Sensor information placement | 25 | 50 | 100] 150
X 45° O] O] O] O
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) X A A Optical 90° A
50 X X A camera 450 A
45° 100 (DJI Road crack 00 ol -
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LiDAR 1 Vehicle Shape
25 X A A 90° Ol O] O] O
50 X X X 450 @)
90° License plate
100 . 90°
Out of range
150 45°
Curb damage
25 X A O 90°
50 X A A LiDAR1 450 Al A
45° (Velodyne| Road crack "
100 x X X Puck) %0 A
LiDAR 2 150 x x X Vehicle Shape 45° Al A
25 x A ¢} (D) 90° Ol A
50 X X X 450 O
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