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Intelligent and modular station of monitoring

unstable sediment

Abstract

This research aims to develop an intelligent and modular station
(IAMS). During the current implementation phase, various functional
modules will be designed and manufactured. After finishing functionality
verification, the system will be deployed in the field to reduce the risk of
sediment-related disasters to people.

IAMS, consisting of a hangar module and a base frame module,
utilizing lightweight materials and magnetic attachment devices for
weight reduction and quick disassembly. Besides, it features a dust-proof
and water-resistant design to protect the internal control components. It is
also equipped with a power management system that effectively
providing power and saving energy, allowing for autonomous power
supply to IAMS and charging of the drone. The DIY drone in this
research can not only autonomously take off and execute flight missions
assigned by Mission Planner but land at a designated location based on its
built-in GPS after completing the flight mission.

Thus, IAMS will be subsequently deployed in unstable sediment
areas, carrying out functionality verification for each module to achieve

remote on-site monitoring, reducing the occurrence of disasters.

Keywords: DIY drone, Modular station, Autonomous power supply
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if(command=="a") {

igitalWrite(dirPinl,HIGH);
igitalWrite(dirPin2,LOW);

tln t|n

for(int x = @; x < 688, x++) [
digitalWrite(stepPinl,HIGH)
oseconds (48888 ) ;
ite(stepPinl, LOW);
roseconds (48868 ) ;
te(stepPin2,HIGH);
seconds (48868);
te(stepPin2, LOW);
delayMicroseconds(48088);

if(command=="b") {

igitalWrite(dirPinl,LOW);
igitalWrite(dirPin2,HIGH);

for(int x = @; x < 680; x++) {
digitalWrite(stepPinl,HIGH);
oseconds (48@89) 3
ite(stepPinl, LOW);
roseconds (40866 ) ;
e(stepPin2,HIGH)
SECCWL:(4B@89)J
e(stepPin2, LOW)
de;ayﬁicncsec:.Lg(daeea)J
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Survey Data
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Fig. 1. Camera locations and image overlap.
Number of images: 184 Camera stations: 184
Flying altitude: 141 m Tie points: 227,421
Ground resolution: 5.85 cm/pix Projections: 1,399,441
Coverage area: 0.361 km?® Reprojection error: 1.5 pix
Camera Model Resolution |Focal Length | Pixel Size Precalibrated
HERO11 Black (2.71mm) | 5568 x 4872 | 2.71 mm 1.06 x 1.06 £ m | No

Table 1. Cameras.
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Camera Calibration
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Fig. 2. Image residuals for HERO11 Black (2.71mm).

HERO11 Black (2.71mm)
184 images

Type Resolution Focal Length Pixel Size
Frame 5568 x 4872 2.71 mm 1.06 x 1.06 £ m

Value Error | F Cx Cy B1 B2 K1 K2 K3 P1 P2

F |2662.44 012 | 1.00 | 0.42 | 0.62 | -0.26 | -0.40 | 0.03 | 0.16 | 0.15 | 0.13 | -0.08

Cx | 8.09718 0.024 1.00 {032 [0.58 |0.02 | -0.03|-0.06]|006 |063 |0.13

Cy | -3.03455 0.021 1.00 {020 | 047 |-0.00 |-0.04 | 0.05 | 0.19 | 047

Bl | -0.374115 0.0092 1.00 | 0.04 [ -0.03 [ 0.05 | 0.05 | 0.33 | 0.09

B2 | -0.188864 0.0092 1.00 |-0.03 [ 0.02 | 0.03 | 0.01 |0.06

K1 | -0.00395136 | 1.8¢-05 1.00 | -0.87 | 0.82 | -0.07 | -0.06

K2 | 0.00595445 | 2¢-05 1.00 | -0.98 | 0.01 | -0.01

K3 | -0.00179939 | 7.5¢-06 1.00 | 0.01 |0.00

P1 | 0.000499965 | 1.9¢-06 1.00 |0.16

P2 | -0.000533547 | 1.9¢-06 1.00

Table 2. Calibration coefficients and correlation matrix.
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Camera Locations

" -

200 m

Fig. 3. Camera locations and error estimates.
Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.
Estimated camera locations are marked with a black dot.

X error (m)

Y error (m)

Z error (m)

XY error (m)

Total error (m)

1.33713

3.19037

6.83659

3.45925

7.66194

Table 3. Average camera location error.
X - Longitude, Y - Latitude, Z - Altitude.
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Digital Elevation Model

1.03 km

0.79 km

200 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 23.4 cm/pix
Point density: 18.2 points/m?
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Processing Parameters

General

Cameras

Aligned cameras

Coordinate system

Rotation angles

Point Cloud

Points

RMS reprojection error

Max reprojection error

Mean key point size

Point colors

Key points

Average tie point multiplicity

Alignment parameters
Accuracy
Generic preselection
Reference preselection
Key point limit
Key point limit per Mpx
Tie point limit
Exclude stationary tie points
Guided image matching

Adaptive camera model fitting

Matching time

Matching memory usage

Alignment time

Alignment memory usage
Optimization parameters

Parameters

Adaptive camera model fitting

Optimization time
Date created
Software version
File size
Depth Maps
Count

Depth maps generation parameters

Quality
Filtering mode
Max neighbors
Processing time
Memory usage
Date created
Software version
File size
Dense Point Cloud
Points
Point colors

Depth maps generation parameters

Quality
Filtering mode

184

184

WGS 84 (EPSG::4326)
Yaw, Pitch, Roll

227,421 of 266,549
0.192074 (1.49955 pix)
0.72937 (62.6847 pix)
6.82365 pix

3 bands, uint8

No

7.31721

Medium

Yes

Source

40,000

1,000

10,000

Yes

No

No

2 minutes 25 seconds
742.23 MB

3 minutes 7 seconds
202.45 MB

f, cx, cy, k1-k3, p1, p2
Yes

28 seconds
2024:12:20 01:11:22
1.8.3.0

50.61 MB

184

Medium

Mild

16

35 minutes 16 seconds
2.25GB

2024:12:20 01:50:20
1.8.3.0

583.74 MB

10,124,857
3 bands, uint8

Medium
Mild

Page 6



Max neighbors
Processing time
Memory usage

Dense cloud generation parameters

Processing time
Memory usage
Date created
Software version
File size
Model
Faces
Vertices
Vertex colors
Texture

Depth maps generation parameters

Quality
Filtering mode
Max neighbors
Processing time
Memory usage

Reconstruction parameters

Surface type

Source data

Interpolation

Strict volumetric masks

Processing time

Memory usage
Texturing parameters

Mapping mode

Blending mode

Texture size

Enable hole filling

Enable ghosting filter

UV mapping time

UV mapping memory usage

Blending time
Blending memory usage

Blending GPU memory usage

Date created
Software version
File size

DEM
Size
Coordinate system

Reconstruction parameters

Source data
Interpolation
Processing time
Memory usage
Date created
Software version
File size
Orthomosaic
Size
Coordinate system
Colors

16
35 minutes 16 seconds
2.25GB

41 minutes 7 seconds
440 GB

2024:12:20 02:31:28
1.8.3.0

131.66 MB

1,182,066

591,450

3 bands, uint8

8,192 x 8,192, 4 bands, uint8

Medium

Mild

16

35 minutes 16 seconds
2.25GB

Arbitrary

Dense cloud

Enabled

No

4 minutes 21 seconds
2.75 GB

Generic

Mosaic

8,192

Yes

Yes

4 minutes 1 seconds
2.37 GB

3 minutes 24 seconds
3.73 GB

2.38 GB

2024:12:20 02:35:46
1.8.3.0

143.69 MB

4,981 x 5,046

TWD97 / TM2 zone 121 (EPSG::3826)

Dense cloud
Enabled

21 seconds

903.29 MB
2024:12:20 02:43:48
1.8.3.0

28.25 MB

12,447 x 13,863

TWD97 / TM2 zone 121 (EPSG::3826)

3 bands, uint8
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Reconstruction parameters

Blending mode Mosaic
Surface DEM
Enable hole filling Yes
Enable ghosting filter No
Processing time 11 minutes 2 seconds
Memory usage 2.07 GB
Date created 2024:12:20 02:51:12
Software version 1.8.3.0
File size 4.36 GB
System
Software name Agisoft Metashape Professional
Software version 1.8.3 build 14147
(0N Windows 64 bit
RAM 31.88 GB
CPU Intel(R) Core(TM) i7-7700 CPU @ 3.60GHz
GPU(s) NVIDIA GeForce RTX 3060
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