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ABSTRACT: Surface image velocimetry (SIV) is a noncontact velocimetry technique based on images. Recently, studies have
been conducted on surface velocity measurements using drones to measure a wide range of velocities and discharges.
However, when measuring the surface velocity using a drone, reference points must be included in the image for image
correction and the calculation of the ground sample distance, which limits the flight altitude and shooting area of the drone. A
technique for calculating the surface velocity that does not require reference points must be developed to maximize spatial
freedom, which is the advantage of velocity measurements using drone images. In this study, a technique for calculating the
surface velocity that uses only the drone position and the specifications of the drone-mounted camera, without reference
points, was developed. To verify the developed surface velocity calculation technique, surface velocities were calculated at
the Andong River Experiment Center and then measured with a FlowTracker. The surface velocities measured by
conventional SIV using reference points and those calculated by the developed SIV method without reference points were
compared. The results confirmed an average difference of approximately 4.70% from the velocity obtained by the
conventional SIV and approximately 4.60% from the velocity measured by FlowTracker. The proposed technique can
accurately measure the surface velocity using a drone regardless of the flight altitude, shooting area, and analysis area.

KEYWORDS: Drone, SIV, Surface velocity, Without reference points
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Table 1. Specification of DJI Mavic 2 Pro

(a) DJI Mavic 2 Pro / www.dji.com /

Diagonal size (excluding propellers): 354 mm
Total weight (including the camera): 907 g
Hovering time: 29 min

Hovering accuracy

Vertical: £0.5 m / Horizontal: £1.5 m

(b) DJI Mavic 2 Pro camera

Sensor size: 17 CMOS; 13.2 x 8.8 mm?

Video resolution: 3840 x 2160 pixel

Lens optics: FOV 77°, 28 mm (35 mm exchange)
Photo mode

Single shot / Burst shot 3,5 frame

Gimbal

Pitch -135° ~ +45° / Roll -45° ~ +45°

Stabilization: 3-Axis
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Fig. 2. Reference points in drone image.

Table 2. Physical coordinate of reference points

Physical coordinate (m)

1 (-0.061, 4.869)
Reference | 2 (0, 0)
points 3 (17.353, 0)
4 (17.425,4.492)

Table 3. Specification of camera and GSD of each drone
height

Specification of camera | Height (m) | GSD (mm/pixel)

» Sensor size 20 6.70
13.2% 8.8 mm?

« Video resolution 30 10.04
3840 x 2160 pixel 39 13.06

* Focal length
10.267 mm 49 16.41
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Table 4. Difference between calculated distance and measured distance

Drone height (m)
20 30 39 49
_ _ _ (704,1399) (1281,1372) (1460,1177) (1583,1190)
Location of points (pixel)
(3368,1370) (3037,1231) (2830,1295) (2666,1222)

Calculated distance (pixel) 2644 1762 1375 1083
Calculated distance (m) 17.840 17.695 17.955 17.775
Difference (m) 0.487 0.342 0.602 0.422
Difference (%) 2.81 1.97 347 243

E2 gARL 7] E A 6 72 X HI} o 23} HFeke- vla) Table 5. Difference between calculated distance and
B Zdshy] giio] A} ) BE shao] ha o 2 measured distance for each drone height
eI} ek whebd 29 B2 38 HEH A0l prone neignt| Difierence | 222 4O | pierence
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i
(c) Height=39 m

Fig. 3. Velocity fields each height of drone camera.
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Table 6. Velocity comparison and difference (Height=20 m)
Velocity (m/s i i i i
L e e L A
() X) FlowTracker points (%) (%)
2.8 1.448 1.463 1.201 -1.03 -3.50
3.2 1.394 1.426 1.237 -2.25 2.03
3.6 1.296 1.339 1.191 -3.33 4.39
4.0 1.380 1.430 1.288 -3.57 5.66
44 1.483 1.504 1.287 -1.40 0.67
4.8 1.422 1.464 1.282 -2.96 292
5.2 1.472 1.545 1.366 -4.93 3.86
5.6 1.497 1.576 1.324 -5.30 -1.20
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Table 7. Velocity comparison and difference (Height=30 m)

29

Distance from

Velocity (m/s)

Reference points

Reference points

Difference with and
without reference

Difference with SIV
and FlowTracker

left bank (m) ) X) FlowTracker points (%) (%)
2.8 1.271 1.339 1.201 -5.34 5.24
3.2 1.332 1.392 1.237 -4.48 4.35
3.6 1.329 1.414 1.191 -6.40 -0.97
4.0 1.434 1.515 1.288 -5.63 0.00
44 1.423 1.463 1.287 -2.82 3.36
4.8 1.379 1.484 1.282 -7.61 1.63
5.2 1.442 1.542 1.366 -6.90 4.05
5.6 1.451 1.537 1.324 -5.95 1.33

Table 8. Velocity comparison and difference (Height=39 m)

Distance from

Velocity (m/s)

Difference with and
without reference

Difference with SIV
and FlowTracker

left bank (m) Referergg(; points Refererz;:g points FlowTracker boints. (%) )
2.8 1.375 1.275 1.201 7.28 9.75
3.2 1.396 1.317 1.237 5.64 9.47
3.6 1.386 1.363 1.191 -4.86 3.41
4.0 1.360 1.436 1.288 -5.53 5.26
44 1.355 1.379 1.287 .77 8.90
4.8 1.349 1.405 1.282 -4.20 6.81
5.2 1.475 1.484 1.366 -0.65 7.63
5.6 1.478 1.418 1.324 4.00 8.93

Table 9. Velocity comparison and difference (Height =49 m)

Distance from

Velocity (m/s)

Difference with and
without reference

Difference with SIV
and FlowTracker

left bank (m) Refererzge) points Refererz;:(e); points FlowTracker boints (%) %)
2.8 1.263 1.299 1.201 -2.87 8.05
32 1.284 1.352 1.237 -5.30 7.09
3.6 1.298 1.382 1.191 -6.52 1.31
4.0 1.303 1.365 1.288 -4.75 9.90
4.4 1.282 1.372 1.287 -7.01 9.37
4.8 1.278 1.367 1.282 -7.02 9.33
5.2 1.386 1.514 1.366 -9.20 5.79
5.6 1.452 1.512 1.324 -4.73 2.35
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