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Development of UAVs System Based on Cluster Drones Flight
Technology for Water Quality Measurement
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ABSTRACT

In this paper, due to the recent changes in the environment, the development of unmanned aerial systems for
measuring water quality is proposed for the purpose of preparing for water pollution, which is rapidly increasing
the frequency of algal bloom and red tides. In order to minimize the direct and indirect damages caused by the
tides of algal bloom, it analyzed the representative water quality measurement work undertaken by the relevant
agencies, and determined that the existing methodology was used to determine the need for a large quantity of
cost and time, and derive the need for water quality measurement systems. To test the efficiency of the water
quality measurement using cluster drones, a community flight system consisting of one ground control
system(GCS) and eight unmanned aerial aircraft were developed and tested. As a result, the water quality
measuring system utilizing a number of cluster drones technologies is provided to supplement the existing water

quality measurement system.
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Table 1. Municipality distribution of agricultural water
quality monitoring network

total Busan | Daegu | Incheon | Kwangju
825 3 7 13 1
total
(867) 3) ™ a3) O
agricultural 800 3 7 13 1
water quality
monioring | 89 | @ | @ | @y | o
agricultural 25 - - - -
water reservoir
T (62) - - - -
momtormg
Daejeon | Ulsan | Sejong | Kyunggi [Kangwon
2 7 1 55 53
total
@ M O (64) (53)
agricultural 2 7 1 50 53
water quality
monitoring | @ | @ | ® | 60 | 63
agricultural - - - 5 -
water reservoir
T - - - (14) -
momtormg
Chungbuk | Chungnam| Jeonbuk | Jeonnam | Kyungbuk
73 106 98 173 145
total
(74) (118) (103) (184) (148)
agricultural 73 100 94 165 144
water quality
monitoring (74) (101) 94) (165) (146)
agricultural - 6 4 8 1
water reservoir
mom’toring* B an ©) a9 @
* R eEa PASYY WA PAZYE oI

FHEIAHEE 10, A5A 1571

HHIAL: () - FAF A (AP 24 %m3 o)
WA 1,500ha o)del w98 a4 2713 24D

27|

s
h=4
&

2 5445 AR
ble 2. Project of water quality of agricultural water

T

FAb L TR W, T, 3, A
AR, A7, AAEHD-

agricultural water quality monitoring

field test
(5 items)

temperature, transparency, pH, EC, DO

indoor analysis

test

COD, T-N, T-P, Cu, Pb, Cd, Hg, CN,

(14 items) Cr6+, As, SS, CI- Chl-a, TOC
survey of water quality
simple test investigation of appearance and

(17,439 sites)

characteristics

(smell, color, floater)

indoor analysis

test

(4,499 sites)

(6 items)

pH, COD, TOC, T-N, T-P, SS

Bt AH) ARG

pH, COD, SS, TN, TP (5 items)
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measurement method
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Table 4. Determination of water sampling point
case 1 : 5 m under
sampling
point upper water only
water -upper water : between surface and 1/2 of total depth
level -middle water : 1/2 of total depth
eve -bottom water : between bottom 1/2 of total depth
case 2 : 5 m ~ 10 m
sampling .
point select three or more points
water -upper water : between surface and 1/2 of total depth
level -middle water : 1/2 of total depth
eve -bottom water : between bottom 1/2 of total depth
case 3 : 10 m over
sampling select three or more points
point
-upper water 5 m under from surface
water ! .
level -middle water : 1/2 of total depth
eve -bottom water : 5 m over from bottom
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Fig. 1. Selection principle of reservoir sampling point

2.2.3 & =AY

W Dol A b 2
xﬂul& o].&s]— ;ﬂz}j ;}]_,_7} r,H o]u:] o
SR A Al ek ‘z-z 4
Srtellle) Alm AFE 9, 4 997 BAk b
lel=s o] gJR|RE A4 Folo|u} HAIH o] o}
d 797} ol M0 WA ik mRE BE
ol et 3155e] A ek ol
“lck S 5 FAe) s A pde A

2 S8 a0 S0 st ke olg
A 2 2Als AL AN)E Fa)E)
of 3= A7) 9lom, AE dAFelo] 2 J_/\],g_'_

NE 2

}ﬂ _1
°

shep ] A1 A% 5 be] $1ge] Eafeln
olek. o] 2 Aolel e A% 1 9L
o AR} sk Slsl e Al el ol

Abele 23 29% 3ko] viehar glvk

A AeleEe] a4 Fulell S5k glowd
o1§Ao] Asl=la AE Ao Ao] olonz &
Aol 4 23] 33} zro] A3kt Al Fo] 2lePx]7]
olgria 2 4 9lrk =3 18] 49} o] wipd uhy

£ 24 9% AL WS 1 s )

= 1o
S E el nlal w2 ESAe] AR HlolH
= ]

(bt b

@A A
38 2. AT L 18] sl A AR 8
Fig. 2. Water sampling site at risk of safety accidents
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Fig. 3. Reservoir obstacles
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survey training
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Table 6. Expected weight reduction goal by items

5 A7l A2 UAV A (kg)
a4 X L5
FAEAl A 0.5

RERiES 1

25" A 33

AL (A5 5L E3DH 5.1
A ek 0.5
Agfn g FA5g AN s 2
A Aeojx 08

Aol r = 02

A 149
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FAZA AA L5
FAlEAl A= 0.4

RSk 1
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Az ek 04
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Table 7. Controlled drones Maximum takeoff weight and
maximum flight times

items criteria
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Fig. 9. 20 liters of experimental controlled -drone
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able 8. Specification of miniaturized experimental UAV

K i
HgA el A=7E
MTOW 55 kg
=71 712 550 mm
Battery 3 cell 4000 mAh
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Fig. . Internal system diagram
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Table 9. Maximum take-off weight of miniaturized
experimental UAV
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Fig. 14. Configuration of ground control system
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Fig. 15. Software of ground control system
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Fig. 16. Software of flight data analysis
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Table 10. Experimental criteria

item criteria
max. vertical height 10 m
max horizontal height 60 m
quantity of water sampling 1000 ml
battery fail safe condition 25 %
MTOW 35 kg
total flight sortie 10 times

T2 17, e Age 71A
Fig. 17. Experimental UAV of water surface

T2 18, AY waAE=
Fig. 18. Experimental flight path
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Table 11. Sortie of measurement times
number of sortie flight time
1 10.8
2 9.4
3 10. 5
4 11.3
5 11.7
6 10.7
7 85
8 114
9 10.2
10 9.8
average 10.43

HIEA| ZH((SEC)
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Fig. 19. Flight time by number of flights
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Table 12. Experimental criteria of cluster drones

item criteria
max. vertical height 10 m
max horizontal height 60 m
quantity of water sampling 1000 ml
battery fail safe condition 25 %
MTOW 3.5 kg
placement interval of drones 20 m

J2 20. 8t AFrIAe] e o5 A uiA
Fig. 20. Eight experimental UAVs were deployed before
take-off

J2 21, 8 AFrIAe ZAmIE olF - FHY
Fig. 21. Hovering of 8 experimental UAVs after take-off
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Fig. 22. Path of simultaneous 8 experimental UAV
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B 13, Ao AN A AeAE
Table 13. Water sampling performance index of cluster
drones

item performance of result
sweep length of cluster
160 m
drones
sweep area of cluster drones 9600 »* = 0.1 ha(hectare)
total water sampling of .
8 liter

cluster drones
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