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AE 2%4F
{ SUMMARY >

IT+BT+ET+NT+CT based development of advanced fusion technology for water
management in land use by the UAV(Unmanned Aerial Vehicle), Building unified
water resources management of water flow rate(Self purification capacity of
river), Water bloom warning, Turbidity, Basin change, etc by developing a
national water management best practice techniques. The goal is to the
development and commercialization of the monitoring system.
O Development of UAV Data Processing & Vision System
O Building of changes in river basin databases applying 3D feature extraction,
movable sensor and turbidity analysis Using data transmission, water bloom

Purpose & detection using wavelength detection technique, Water flow rates prediction
model in accordance with the applicable field water-index level

Contents O Actual observation targets protection area of source water, Gyeongancheon and
Data Processing through field test, patent application, commercialization
verification
O UAV Prototyping and Building of simulated flight environment
O R&D of UAV flight control board, camera, sensor, GPS, AHRS, S/W architecture
O UAV control building unified GCS(Ground Control System)
- Environmental monitoring data(Water bloom, water flow rate, turbidity, Basin
change, water temperature) and Development of image Data unified Collection
System
O S/W development of Autopilot mode and Remote Control mode
O Monitoring system of staticdynamic and Development of Data processing &
Vision system building with innovative water management system

R O Replacing high cost monitoring systems by low cost, and unattended operating
esults R .

system to Multi-site can be monitored
O GPS/IMU etc apply and to have improved mobility high-efficiency management
techniques can be applied Compact System
O Technology Development
- Local, real-time monitoring of the variation of the national geographic water
resources and construction of automated management system of water resources
- Activating and enhancing the competitiveness of various industries by securing
remote sensing sensor and processing technology
- Providing low-cost, effective information and water system management
techniques
- The advancement of land use and water resource management
O Social and Cultural field
- Contributing to social stabilization with prompt water system management
- Securing the reliability of the country for the efficiency of water resources
management and the prevention of algal bloom, loss of river, flood etc.

Expected O The marketability of technology and economic expectation effectiveness

Contribution

- Being able to replace conventional, high-cost monitoring system with low-cost

one

- Job creation through market development

- By expanding the application of unmanned aircraft, Improving market share and

increasing exports

- |f we target for 20% of the $ 2 billion overseas market by 2022, $ 400 million

export effect can be expected.

O Industry impact caused by the modern Fusion Technology

- Other application areas expanded caused by the securing of effectively
operating unmanned aerial vehicle systems for Watershed Management

— |T+BT+ET+NT+CT modern fusion technology commercialization realization

- Fast/accuracy field monitoring contribute to through fusion of the multiple
sensor and camera techniques

Keywords

Unmanned Remote

Aerial . Water System Water Quality Water Bloom
. Sensing

Vehicle
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THERIH, XAZMAIAE 2SS T 2laA Al olfle] ZF #E ZF dolf XeEle
Singla/Slot(Event driven)& o|=2%t

- Communication PartolM= cCiFst &= 2tA(UDP % TCP, Serial)=2 = & Eol0{E =HHst=
LinkInterface®?t LinkInterface2FE 4 &2(&F2 &S4lst=) HOIHE EE 7F 435 HojlH s =
EEEQ MAVLink Z2EZS 24M5t= MAVLinkProtocolO| U=

- Internal Information Part= Communication Part2| MAVLinkProtocol 2FE& =2 t'.:L

=2 E5t, Display PartE EE2282EH 4l g2 HOo|HE 2UYEH
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(1) Communication Part

fileName LinkInterface.h
type funcName Description
. bytesAvailable =4 E Oo|le It JA=X| HE
public - . - = —
getLinkType MM=E |inkel &F(UDP, TCP, Serial)E Bzt
bytesReceived EEC=ZRE HOIHE 22 M, signal 2N
signals connected Link @2 Al signal 2HM
disconnected Link 24 sl Al signal 25
(public) connect Link 99& Al S & -
disconnect Link 94 sl Al S &
slots wr i teBytes c2of Clo[EeE sAd o 53
fileName MAVL inkProtocol .h
type funcName Description
public setConnect ionManger MAVLinkProtocolOllAl LinkManager class& &%
protocolStatusMessage MAVLink protocol2l MEfE L2 M, signal 2+
signals valueChanged EEol MAM Z KM MEIF MM Al signal 2
textMessageReceived EECZRE A = MAIX|ZF JAS T, signal S
messageRece ived EESZ8E MAVLink message =4I A, signal 2t
public slots | receiveBytes EEozZRH 4 = HOlHII US I SF
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(2) Internal Information Part

fileName LinkManager .h
type funcName Description
LinkManageroll =8t MAVLinkProtocol class®l ECQIEHE
getProtocol _
gt
connectLink OIXtZ HAHZl LinkE A&
disconnectLink CIXtZ HAHZ Linkel o4& sHA|
createUAS LInkManager 2| Lol UAS 4 E MM
addL ink ME=2 |inkE F7}
removel ink olXt2 HAHZl LinkE LinkManageroil A A A
: CIXtZ YHZl Link ID2| Link typeS Hhst
public getLinkType , ypes
(UDP, Serial, TCP)
getLinkConnected OIXIZ HHZ Link 1D A2 Atefjf HE =ol
o OIXIZ HAHZ Link IDL| port HHs &tol
getSerialLinkPort ]
(Serial Connection)
o QIXtZ HXAHE Link ID2] baudrate S ol
getSeriallLinkBaud ]
(Serial Connection)
getUasObject LinkManager 2| UASObject 2 & Ht&t
newl i nk MZ2 Link M Al signal &M
signals protocolStatusMessage MAVLink protocole MElE L2 o, signal 2
¢ | inkChanged LinkManager @l Link AEf B4 Al signal 2

messageReceived

EE2oZEE MAVLink message =4l Al signal 2HA4

public slots

receiveMessage

MAVLink message =2l Al S &

| inkUpdated

LinkManager 2| Link AEf A Al &=

reloadSettings

LinkManager2| Link 8% XHEJ} reload Al &

fileName UASInterface.h
type funcName Description

getlLocalX UASS| X& Zt2 dtst
getlLocalY UASe| Y& Zt2 dtst
getlocalZ UASS| 7% €ts Hiet
getlatitude UASe| &iZf fI=E uhst
getlongitude UASe| 3Xl| AEE Hialh
getAltitudeRelative UASS| At nE & dikst
getRol | UASS| & roll gt2 gt
getPitch UASS| &A{f pitch gt= EHet
getYaw UASe| SiA yaw gt Htst

public i sArmed UASS| Armming(AlS) o8 &fol

getAirframe

UASS| =gl EefE Hhet

getWaypointManager

UASInter face2| WaypointManager Zix| Bzt

getlLinks

UASInterface2| LinklInterface |istE gzt

getLinkldList

UASInterface2l Link ID2| |istE kst

isMultirotor UASS| HE|ZE| 0§ &ol
i sFixedWing UASe|l 11Xl ofE &tol
isHelicopter UASe| dlz2|2EF ofHF Stol

getAutopilotType

o

UASS| autopilot types

o~

setAutopi lotType

x| r
02 | rlor

o

UASS| autopilot types
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statusChanged AtEfl B1A Al signal 2R
componentCreated MZ2 component A Al Signal 2+
systemRemoved System A7 Al signal 2+
textMessageReceived Text message =& Al signal 2+
navModeChanged Navigation mode #& Al signal 2+
armed UASOll A= On Al signal 2+
signals disgrmed UASOll AlS Off Al signal 2+
armingChanged UASS| AlSAE] HA Al signal 2
modeChanged UAS2| mode ¥ Al signal 2+
commandSent UASE & &A1 Al signal 244
connect ionChanged Connection M= HZA Al signal 2
connecting UASR} 912 E AlE Al signal 24
connected UAS2t ¢4 Al signal M
disconnected UAS2t o3 Al Al signal 254
activated UASZ} M SHA| signal 24
deactivated UASZ} H|ZFM SHA| signal 2
manualControl UASE £ HOof MF Al signal 24
valueChanged low level gt #d Al signal M
vol tageChanged UASS| Mt ME HZA Al signal
waypointUpdated waypoint & Al Al signal 9
waypointSelected waypoint MEH Al signal 24
waypo intReached UASZ} waypointoll =& st¥ S Al signal 24
autoModeChanged auto mode ME A Al signal 24
parameterChanged parameter M= HZA Al signal 2
bat teryChanged HfE{2| A M2 HZA Al signal 25
statusChanged UASS| Ateff ME A Al signal 2
actuatorChanged UASe| actuator ME B Al signal 2HA
thrustChanged UASS| F&f MHE HZA Al signal £
_ hear tbeat UASEHE{ heartbeat ME Al signal 254
signals attitudeChanged UASS| RiM| ME A Al signal 24
attitudeRotationRatesCh _
UASS| XtM| &M H|E B1d Al signal 2
anged
localPositionChanged UASS| local ®I%l #& Al signal 2+
globalPosi tionChanged UASS| global %l & Al signal 2
altitudeChanged UASS| & MHE HZA Al signal 2
gzssatel | tedtatusthang GPS7t At 91A MeEfl ME #HA Al signal M
e
speedChanged UASS| =5 ME A Al signal 24
veloci tyChanged_NED UASS| =& MHE A Al signal 2
hear tbeatTimeout UASOll &A1 = hear theat2l ACKZF @i2 Al signal &+
homePosi t ionChanged Home ®/X| B1A Al signal 2+
rawlmuMessageUpdate MM 2| raw HIO|Ef ZHA HAIX] =4 Al signal 24
scaledImuMessageUpdate | A MA HA M A|X] =41 Al signal 2+
scaledImu2MessageUpdate | 2t MA ZHA M A|[X] =41 Al signal 2+
f:”sormfsewessageupda MAel Ba gt AN BAIX 24 Al signal WAl
signals radioMessageUpdate RaQio ArEf A MAIX] =M Al signal 24
compassMotCal ibration LEElEE AFEY A M A|X] =21 Al signal 2+
protocolStatusMessage Protocol AEH M A[X] =2l Al signal 2+
mav | inkMessageReceived | MAVLink B A|X| =41 A] signal 2HAY
fileName UASObject .h
type funcName Description
getVehicleOverview UASObjectel VehicleOverview Z4x| ut&t
oubl ic getRelPositionOverview UASObject2| RelPositionOverview Zﬂiq 25t

getAbsPositionOverview

getMissionOverview
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(3) Display Part

fileName UASActionsWidget.h
type funcName Description
sendApmP | aneCommand APM Plane @& M&
private sendApmCopter Command APM Copter HdH M&
sendApmRover Command APM Rover ™3™ XM&
act iveUASSet 2EMslEl 22 UAS M- Al 5=
uasConnected UASRt 99 Al § &
uasDisconnected UASRt o4 SliAl Al S &
currentWaypointChanged A waypoint ME HA Al &=
private slots | updateWaypointList Waypoint =5 A Al S &
setMode UASS| mode MX Al & &
setAction UASS| action A& Al & &
setRTLMode UASOll RTL mode AH™ Al & &
hear tbeatReceived Hear tbeat message T2l Al &

fileName UASQuickView.h
type funcName Description
valueChanged So| AEf Zf HAE Al &=

public slots

addUAS

setAct iveUAS

fileName UASRawStatusView.h
type funcName Description
or ivate slots valueChanged QASQ{ AEf gF HE A }iﬁ%
act iveUASSet 2MSHEl UANS M- Al &2
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fileName

VehicleOverview.h

type funcName Description
getAutopilot VehicleOverview2l autopilot Hhat
getSystemStatus Systeme| AEjE izt
setAutopilot VehicleOverviewdl autopilot= AMX
setSystemStatus System2| MEHE MY
getNavRol | Navigation2l roll #f= utst
getNavPitch Navigation2| pitch tS utst

oubl ic setNavRol | Navigation®l roll ZtE& &%
setNavPitch Navigation2| pitch ZfS A%
getVibrationX XE &= #f2 dhat
getVibrationY Y& &ls gtS BHE
getVibrationZ /5 M= gt dtat
setVibrationX X&E s a2 4y
setVibrationY Y& s g2 8449
setVibrationZ %5 s g2 4y
autopilotChanged Autopilot @t #& Al signal 24
systemStatusChanged | System AEf B Al signal 2
onboardControlSensor | Onboard Control Sensor2| enable AEf B4 A| signal &
sEnabledChanged M
onboardControlSensor | Onboard Control Sensor2| health Atefl 14 Al signal &

signals sHeal thChanged C

navRo| [Changed

Navigation®l roll Zf ¥ Al signal 24

navPi tchChanged

Navigation@| pitch Zt 814 Al signal 24

vibrationXChanged

X& s g HE Al signal &M

= O
vibrationYChanged Y& = gt HE Al signal 2
vibrationZChanged 7% Fls gt #Hd8 Al signal 2N
valueChanged UASS| Atelfl 14 Al signal 24

public slots

messageReceived

| 0

UASZEE| message T2l Al &

fileName AbsPositionOverview.h
type funcName Description
getlat E 4f BHEE
getlon AT gf dist
getAlt T gt dhst
getVel =5 gt dhat
oubl ic getSatellitesVisible SR UASZL QlAlsh @AM %= dist
setlLat Az gt MY
setlLon 4x ot 4%
setAlt 5 gt M
setVel =5 gt drst
setSatellitesVisible SN UASTE elAalsh 9| = MY
latChanged T 4t ¥Hd8 Al signal 25
lonChanged AT gt A8 Al signal 2
signals al tChanged IE gt A Al signal 24
ve|Changed &2 gf ¥d Al signal &M
satellitesVisibleChanged UASZE QIAISH 9|4 == ¥ Al signal 2
public slots | messageReceived UASEFE| message T4 Al S &
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fileName

RelPositionOverview.h

type funcName Description

getAirspeed UASS| o7 &= XMHE dist
getGroundspeed UASS| CHX| &= MHE ohat
getAlt UASSe| = MY dtst
getHeading UASZ} &kst= dbek ME dhat
getThrottle UASOll A2 El =F7|2| throttle @t et
setAirspeed UASS| of7| &5 ME A3

oubl ic setGroundspeed UASS| OiX| & MHE M
setAlt UASSe| = MHE MH
setHeading UAS7} &fst= &HeF M
setThrottle UASOll &l =ZF7[9| throttle gt AH
getRol | UASS| roll Zf Bzt
getPitch UASS| pitch @t gtst
getYaw UASS| yaw gt dhst
getRol I speed UAS2| roll speed #f &t
getPitchspeed UASS| pitch speed gf EHEt
getYawspeed UASS| yaw speed Zf st
setRol | UASS| roll gf MX

. setPitch UASS| pitch gt A&

public
setYaw UASS| yaw gt &%
setRol I speed UASS| roll speed &t &%
setPitchspeed UASS| pitch speed g&f &%
setYawspeed UAS2| yaw speed @t &%
ai rspeedChanged 7| &5 M2 A Al signal 24
groundspeedChanged CHX] £ M5 HZA Al signal 24
al tChanged IE gk ¥A Al signal 244
headingChanged UASZt &kt dbak B2 Al signal 2

UASRt HAZA =l =F7|9| throttle gt 14 A| signal &

throttleChanged "

signals rol IChanged Roll &t & Al signal 2444
pitchChanged Pitch &t HZA Al signal 2
yawChanged Yaw @t ¥Z& Al signal 2
rol I speedChanged Roll speed ¥ Al signal 24

pitchspeedChanged

Pitch speed B1& Al signal 2+

yawspeedChanged

Yaw speed B1d Al signal S

public slots

messageReceived

T

UASZFE| message T4l Al &

fileName RelPositionOverview.h
type funcName Description
getAirspeed UASS| CHZ| &&= HHE ohst
getGroundspeed UASS| CHX| &&= MHE dhst
getAlt UASe| &= MH dtst
getHeading UASZt &kst= dtek ME diat
getThrottle UASOll A2 El =F7|2| throttle af Hhat
setAirspeed UASS| oH7| 5 ME M3
. setGroundspeed UASS| OHX| &5 ME MY

public setAlt UASS| T ME A
setHeading UAST} &Fst= &4HEF A
setThrottle UASOl o4 El =&7[2| throttle af AH
getRol | UASS| roll gt uh&t
getPitch UAS2| pitch &t gtst
getYaw UASS| yaw gt gkt
getRol I speed UASS| roll speed Zf Hhst
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getPitchspeed UASS| pitch speed zf Ehst
getYawspeed UAS2| yaw speed #f st
setRol | UASS| roll gt MX
. setPitch UASS| pitch gf &%

public
setYaw UASS| yaw Ztf MX
setRol I speed UASS| roll speed &t &%
setPitchspeed UAS2| pitch speed @f &%
setYawspeed UAS2| yaw speed Zf &%
airspeedChanged 2| &= Y HZA Al signal 24
groundspeedChanged X &= HE HZA Al signal 24
al tChanged 5 gt HA Al signal UM
headingChanged UAST} &Fst= hek B4 Al signal 2+

UASet AZA =l =&F7|29| throttle 4t 14 Al signal &

throttleChanged "

signals rol IChanged Roll &t H& Al signal Z4
pi tchChanged Pitch @t 824 Al signal 2
yawChanged Yaw @t Hd Al signal 2

rol I speedChanged

Roll speed ¥ Al signal 24

pitchspeedChanged

Pitch speed B Al signal 2

yawspeedChanged

Yaw speed H14 Al signal 2

public slots

messageReceived

UASZFE| message T4l Al & &

fileName

MissionOverview.h

type

funcName

Description

public slots

messageReceived

UASEHE| message A Al & &

O tsZ=2E 4

5t

I
C | Start timeout
| -

MAVLink Procedure

=]
o

S|
A

- E=20} X|AZH A AE(APM-Planner)Zt ClO|Ef SAI2 MAVLink Protocol2 O|&3tn, ol= H|AH HMOE
Ef el M2 & ZE HO|E M&o AMSE. O & E2 AAHEH0 &Y n|ldg 85ty s cts &
Z U AH =2 Z2EZE EM = Y22 s ¢S

- EE0 X|AMZAAIAE 7F S A2 HAS e EA HXt= 23 22

APM Planner MAY Component

WAYPOINT _REQUEST _LIST I

WAYPOINT_COUNT (N)

WAYPOINT_REQUEST (WP 0)

I
Start timeout I C
- |

I
C | Start umeout

|
O | Start umeout
| —

WAYPOINT (WP 0) |

Start timeout | (d
N/

-

WAYPOINT_REQUEST (WP 1)

WAYPOINT (WP 1)

CHE 22 H[d HEIL X gMAI Ao =204 HE== 2

Start tmeout I (\

WAYPOINT_ACK

02

_33_



EED X AEHAI ARl o4F EHIACIH, XMZAMAIAH S E20|A cfE d=2o e Z& ¢x =
£ ¥ ofE dZ2d st ZE X HEE F4l w2 EE2 XjAlo| 71X = Cts d=2of ojs
HE(HEZ ) E KlatBHAIAH ST
ANMIMAIAR R EEBCZRE A B2 OfF 29 FUE 24 2o /X MEE Q¥Estn, 4 2
HE w2 EE2 X AEMAA-H CtE 2 U™l 5 2 QE Ofst MEE Salgh. X A2 AIAH
2 EEo=z2RH CtE 2o dist 2 HEE 4 St =, WAYPOINT_ACKE ™ &stof O|olg wets &
FEH(EA ™o SEE ZIcigls B2 AS timeoutS EHRISHCE. TimeoutE EQlSt=E W ZE &
Aol SLstA FEE)
APM Planner MAV Component
| WAYPOINT_COUNT (N) J
| Start timeout J
WAYPOINT_REQUEST (WP 0)
| o Slﬂﬂlll‘l‘u’rotlt]
| WAYPOINT (WP 0) } Vs
Start timeout
| WAYPOINT_REQUEST (WP 1) 1
| Smrtnmecnu}/\q
WAYPOINT (WP 1) o b
C | Start imeout = J
| - J
-
| WAYPOINT_ACK J
| J
CtEs 42 &l EJI E20i|A XAZRAIARMA MEE= oty
G2 glo] DEe XABMAIAHNM S0l M2 C1F 22 blg Mol RFo| Aoy =
22 AMBHAAHORRE OHF H2 uld HEE A
X MEHAIAEEZ EE2OA CtE 2o x| MES| 5 SAle. 2o ofFIiX|Z2 EE2 X[AEHA|
ARHOCZRE CfE 2o st 2 HEE 4 8 F, WAYPOINT_ACKE A &stn{ OlO|E wis F=
SHEA THoM SHS ZIclels B2 A timeoutS ERISHCE. TimeoutES EQlS=E ZHE2 ZE S4
oM S5 FuE)
M =EE20| JIX| U= ofE 2o A MEE =7|3 st FEE EZEEEOl, o= ol I8 T
Zo| s = X|AFEH A AEIO|A EZ20|H WAYPOINT_CLEAR_ALLE £AlI5tH, EE2 XIAl0o| 7K
= 2E OE 42 X HEE AME =, X|a2HA[ARO] WAYPOINT_ACK HIAIX|E &algt

APM Planner MAV Component

WAYPOINT_CLEAR_ALL |

|

| Start tmeout |
WAYPOINT_ACK

|

DroneO| 7}&l 2 E CfE Z=E ¢

]

>4
02
HT
i
1z
=
_O'L
rir
i)
0z



- ofzfe| OB X|AIZMAIAHIOM MZE CfEs A2 X HEE E20/H &Asts oS
1, OEIIXIZ2 ctE 22 BE fA™HEE stite| o7l 2 5t Salst= Zdo| obd, ZF JHEe| /X
MEo| Sequence Number2 H0{5l01 =20f|H XMS&sts HEHS &ols £+ US

APM Planner MAYV Component
I WAYPOINT_SET_CURRENT o
mi Start tmeout I
WAYPOINT CURRENT
| |
APM PlannerollAl {22 WaypointE dronedll &5t zHd
HA|AH =& (HUFS-GCS)
S (F)EQ0A) Blueye-1K Z|HE

=

}

O Fel7| 7|ete| £ 242 98 x|4H
- 2 AT7oM S Rl MEE EE TAe sSHTF7|2M K
7|8te 2 MEStR D, Blueye-1K Z|M el =2 7|52 ofefet &=

Blueye-1K

(F)FolA witel Blueye-1K 7| A
Features Auto Path Planning Real-time Video Recording Flight Control Mission Planner
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™ High : 69.677
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Low: 0
2EAUXE 0| &l Chlorophyl| -a Index2l HALE A
EE29| dH|dl S/W AES <Ist SITL(Software In the Loop) Simulation &&d M
AX EE dH|@g 2t o= oz JIX7F US. A WE2E= E22 H|¥ ol Ldne[E, MA HoO
S ZE A &Y Zzafd g sk wHo| D F wim= v|d Mol dne[Eol WA = H/WE 7|t
oz MM E= U™ MEE FIIZ 0|&slo] Ect 28H0l HAlS & = U= ol US
2l sA fcho] B4 X|{5tE FUSH E2 TZHMEZ Dronecode’t A DRE H|RSH] ZD} olEl S
Ciekst 7|¥E0| o] Z2ME0| S&EsID /US. 2o EAE = CiAdst E2ET Dronecode T 2H E 9|
AATEE AESHM LS A2 . Dronecode TEHMEE AL235I1D HAES £ e Cltst 3
HMA HEJL A2
O oM EFELZ &85t EEJt HEZ PixhawkO[ . AtMl EE2 JHLYsSIH2ZIE A[Z2 25 Pixhawk
oM AlZtstn ooy, =229 Ml firmvare2t middlewareE 7H&sl= ZZMET| HIZ PX4 Z2NE
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O SITL (Software In The Loop) Simulation

- PX4= MAVLink Z2EES AI8SId EES MO E = AUAS. 2HY ROS(Robotics Operating System) = At
&5t0{ PX42 M O{StCtH MAVROSE AbEsHH = X[gh EEZ AT HEO H|Y AFE sty|ols &gl
ok EZHMII EL% 2MEZE EH'ZE'. w2t 28 Al22olM Algol Z5hH, of i AFEE = U=
3D Al=e0lE & Sttt Gazebo®! . GazeboE ALEst= Ol®+= ROS2E ¢d=z0| Ecoh £7| mfZoll ROS<t
MAVROSE AtE3t0] PX4 O|EQ0IS AL SICHH Gazebo2 ALE3sto] AlZ2o|Mo| JtsE

- 0|of

| SIT
2SI xS MO FRE AlZE0|M45H| 2t HEA

=2
=

L(Software in the Loop) Simulation2 Z2ZH HE{IE o|2

5101 Host A|AEIOIM ZX A|AE

Simulator > MAVLink ——={ SITL
O SITL Simulation®l Specification
content version etc
oric] v 5.1.22 Virtual Machine O|&
ricle
H/W ) r115126 (Qt5.6.2) HDD 20GB, MEMORY 2048MB 44
VirtualBox _
(Qt5.9.0) DE 34 M A, 2F 9.5GB
. (iso file)
0S Linux (Ubuntu) 16.04 LTS
ubuntu-16.04.2-desk top—amd64
Gazebo v7.0 Simulator
v3.1.3 .
Software QGroundControl 390 Ground Control Station
v3.2.
ROS kinetic
O VirtualBox& O[&%t 7FMHAl &4 7
Step 1. MZ22 J[IHA &A 0HED|
- VirtualBox Z2a8 Mx| &, MX| = VirtualBoxE A3s5t0{ olefel &2 stHE &ole. 1 =, M
2 MEI| HES st MZ2 JiatHA &4 FMd S Azt
........ ;Hi-l\;ﬁ:;;l-(r;)--:\;‘l--. Rt BE(D) | @ 2WKS)
e L e e
= ow = o2 871

)= Ubuntu-16,04_DroneGazebe:
=t lﬂil Ubuntu (64-bit)

2048 MB
BE0 123 3
VT-X/AMD-V., Ll

IE Cl2
1. UPpara

E oxsx0
HICI2 HZ2):
3 NL3E A A}é J’g
HICI2 H5H: g

O mma

17MB

=g2i: 1DE
“IoE m;‘aa\ DIAES (B2 S2A012] HIDF 218
HEER
STase 0 Ubuntu_16,04_DroneGazebo, vd (4, 20,00 GB)
B 20

TAE ERH0IH:  Windows DirectSound
2ESK, AC91

& HUEH3
OfZES 1: Intel PRO/1000 MT Desktop (NAT)
& usB

USB #EZE2f: OHCI
A BE: 040N BEEE)
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Step 2. 7HMHAI O|E MY

- MZ22 JIak HAl 0|22 MHESILD, 0|E2 AFEAH AMFH St=, S7= 'Linux' 23t A ‘Ubuntu
(64-bit) 2= MM ot JIMHAIS MX|St2{= Hostol 2ol w2t B{X2  ‘Ubuntu (32—b|t)’ Eo
2 gl = AS. MUt o

2 =S ™A
MOl US LIENHS DIB S Si15HD SXIT 23 HUS HeshiA

olgdF}

01E(M): Ubuntu_16,04_SITL

Z8(D: [Linux
HZ (W) | Ubuntu (64-bit)

Step 3. M=22 37| ¥¥

- 7t HAOAM ALEE olZE2] 7|8 MY, 7H HAlol MM E Hostel Ao wat M2zl 37|=
dojet = AcLt, 2 oimolM= 2048MBE M E. HIUZE M2z F7[= Jtat HA MM 2o F
A wde = AS. HEZE 37| 848 =, ctg8 22&.

oi2el 2]

AN BEE
=3 I3 = 4 MB2

z MZ2l(RaM) 2715 HZHHIDIE S5 E SREHEA L,

Jhat Aol A S
w=e 37 47
(204008 2120).
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Step 4. StEC|AZT THET|
- 7tet Mol ALESHA E StEr(A3

m|ru

Y5t StEC|ATd= ME2[ef otz Jhet HA dd =

ob
1o

£4(37] 5) wgdol gX Pooz MBS MFstojor 3. B MME Jkat HAS HS YN
£ MBS JhYe ZHolvlol, M2 IR SHE ClA3S MME sher J|Zof Mo = JR st=C|a3
£ 2221 AciH, 7|E JH S ClAT BAS ASHE SuE

StEC|A3 Il steCl2ame &7

A BIS (A3 IS4 HUSHINL, [IE Jpast ATE C
mOBICIE M JbA A0 T SIS [ 238 b & USLICH M 3t A3 Sei wovio aug waa wom gL
ELIA3 [YE DHEUILL SEHA SEFILT, B0 00|28 Sei0i Ot
2 SIRIH 2SI BIE (A3 MRS A8e & 2LICH ® VDI (VirtualBox C123 0|01
O RIS 240) BRSO 0l S AUED L HUS HES & © WD (AcVF= D20
BE DUHEANL. © VMDK (H2 DA [1A3)

(menecE)| oew [ #2 |

- ME7 EEdME MAstHE T stEClATe H=Z2f 37|, BF 52 44E = AUS. 7 st=EL
A3 AZ= ZZ(local)o|Lt oS4l C|A3 Fof MA&o| 7ts%. T IJ7|= Hostel st= ClAa3Fe
o dlz5to] M™E = oL} 2 A MHES 2I5HA 306Be| 2SS MYE

ohe #IXIL)
rsttdmkimiVitualBox VMs#Ubuntu_1604_SITLUbuntu_16,04_SITL.vdi [

o 3718
W

4,00 MB 2,00 TB

SIE CIA3 MY ER/(D :E!ES SIE CEH0IEH JE
© VDI (VirtualBox CI1-A3 010/A) =

O VHD (O2 BHE 1A 3) e

) VMDK (Jh& A [1A3) ] 2GB B2 BEEIE)
) HOD (Parallels 1= CIA3)

) QCOW (QEMU Copy-On-Write)

©) QED (QEMU =X [1£3)

PpoEes@) [ o8 [ @2

- 3l= Cl23 mjge] RS VDI(VirtualBox CIA3 0[o|X) 2 M 311, JlAk HAIS AlBSHE 2(%
Z2ad)ol wet St A3 o RS MYS X ¥ & oo, It '
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VDI (Virtual Disk Image)

VDI =2 QOracle VirtualBoxOll A2 ALE JlsSh =0 dHAlo =z SIEC|IAF ERRIS WIER MEIS it
oMM E I SIECATE ARESH| fleiA= YHEA] Hostoll VirtualBox 7+ Ax|=of Uo{of &
VHD (Virtual Hard Disk)

VHD I-2 Oracle VirtualBox, OO/ ZAZE(Microsoft)el hyper-v, AIEZIA(Citrix)el XenollA =

SO| 7l=st = ghalel FIUIX oz AT 7 ofate] 0S(2Y A )M VHD Tels M=z MM3AHLE of
235101 22X SI=C|ATE PColl 1A 310 AIRSHE AW Z2 HHE2 A2E £ o] sl wHES At
28 42, &3] 0SHE|EEl, PC W (Ghost, Trueimage SS)2| wido] T2 gl

VMDK (Virtual Machine Disk)

VMDK IZ}-2 Qracle VirtualBox, VMNare2| VMWare PlayerolA #+&0| 7t=8h =i dhalel

CIS22 Jtak stE CjA39| ofo|X| M& Halg M6 =1, 38 2 2 Jtat oAa30 F2 A

Heotd 2 &S st= Aol otd AA Jtat st CIATE ALEe 2HE 0| S7tsHA == A, vhH,
Y 37|= 7t4 Cla30 2SS AY ?_HHIE ol2| FotF1 Atgst= Al & 24 FolAM st T

3 = 5
o AIBSD ACHH BN BEE MY o 5. £ AUME DY 372 ADE

olo] MEE olxT BEY 2 =@ ool MY A Hel ¥, i MR T Halo] MAMES
stolgt 4 A3

i Vg Tpab BE C|A3 ORET) Crea_ﬂr__hg fixad medium storage unit ‘C:WQ:erswdmkthDes&topﬁubunm_;ﬁ_g-ﬁ__gl‘muhumu_lé_o-ﬁ_ |E"_-|

‘ Creating fixed medium storage unit "C:¥WlsersWdmbkimWDesktop¥Ubuntu_16.04_SITLWUbuntu 1604 _5ITL wdi’ ...

\ | = ) 9% X
22

[T oracte v Vinualsoe 32i%

EE UM =SSR
% . [T B0 @ 28s)
M2 SHEJHND  E2S) “H AIEHT)
! %‘“ Egdxl}ts?zmaﬁﬁlhil LI 1= = ome 2 =
g = oiE: Ubuntu_15,04_SITL |
I_n ,ce%%s];rygqh]g || 22 HA: Ubun (64-bit)
o8 @o= 6] Mg
[#-5 Fedoral?_Hoguen 718 W22 248 MB Ubuntu_16.04_SITL
ﬁ; @ HEnE He oy EEMCOA3 BOAI HECAS
Jh: VT-X/AMDV, i ZEIE nnla KM BT} |
fi Ubuntu_16,04_Testdmkim H3
B H2E |
E}% %uﬁg‘lglﬁ.m_SITL E oazao
= HICI2 22 17 MB i
SAMTE Mb: NS o =
HICI= B3: AR Digt
u HEL
E®af: IDE
E:?EE!A{ ‘?ﬂnaz Ob2Ef: [Bed S25012] VBoxGusstadditions.iso (56,69 MB)
|| BATAEE [ Lt _16,04_SITL vei { RI%, 30,00 GE)
3 202
TAE R0 \lnndo\nrs DirectSound
HEE: ICH ACST
2 UEf3
CHEHE] 1 Intel PRO/1000 MT Deskiop (NAT)
@ use
USE BEE! OHC
2 WEN: 00K & aEl)
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Step 5. 7H& Malol| 2[5 (Linux) AX5H7]

- 2 oM E A9 CHHOAM MM st Jtal Ao 2lsAE Mx[SH7] fIE WS MU ZsAs
Ubuntu 16.04 LTS XMoo, Qtek CtE2 ZRO 2528 ASclE FE (254 MXE @8] iso It
2 Ao FH|=0of Uctn JHH)

- 2lSA HXE flsh MR mY2 iso(7tak ololx]) mUZ o|Est, HA ofehel DM MM = I}
A HAS MEiSID, MY HES 223

'y Oracle VM VirtualBox B[t gf.
TE O
| > ‘
7 @ > (&3 Atder BE(D) | @ 2H4KS)
M2 oI 42 b AR
|l
B Fedora23_6dbit =03 el 22
AR 5 8
ng: Ubuntu_16,04_SITL
CantOSLﬁIdhﬂ 22 HH: Ubuntu (64-bit)
& @ 28 HE @ NcE
[ Fedoral?_Hoguen 2 W22 2048 MB Ubuntu_16.04_SITL
(CREE RS HE &) BR00A3 BO23.$S 023
P/H VT-X/8MD-V, U AEIE HIOIE. KVM B}
@‘ Ubuntu_16.04_Testdmkim A5
RI‘I’S.‘J
1 1T =
?'? gum 6.04_SITL nazan
bICi2 HEa: 17 M8
Ubynty, 14.04.5_JAGCS S [IA3F MH: AL okt
OIS 2H: A Okt
I G Ams
HEEH: |
IDE A‘PHEIE! DHAEY: [Zet E210|2] VBoxGuestbddiions,iso (56,69 MB)
AEZ2( SATA
SATAZED: Ubuntu_16,04_SITL, vdi (2. 30,00 GB)
b ene
E*E CcHlt: W’ndows DirectSound
EEp:
@ HES3
BEE{ 1: Intel PRO/1000 MT Desktop (NAT)
& usB
USB HEE2: OHCI
EXDE: 00K Z4HE)
- 21Zol KEAT  H-HOlAM IR0 HEEZZ:IDEMA  HIOUE 2 MEStD, Jtab & ClA3 oS
MEASI] 2|S5A MX[E 9ISt iso TS MEis
I = = =
= gw CHEA
AAE AL E2(S) =4
2k 2rst E2H0|E(D): [IDE MAC2| OrAE]
. LAE30|
= [ 21018 CD/DVDIL) Jha T CA3 T A |
b MEx = - e === CouE O
P 2oe Ubuntu_16_04_SITL.vdli :75;: - BAE E20|E F
T ubuntu-16.04 2-desktop-amdé4.iso
CACELE X -
Lien o3s: — @ 7ra S230/2014 C23 Y|
{» mzz=
& uss
i 250
o sex asmHo2
DEeS
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—— i iIlol = 3 o T = = i zlol o 3Slolgé
SHIEZ iso mYS MEH FcChH, ofefel OBIXME sHY TJHA Ao iso mWol HF E AS =Helg
2 ol
T AT+
(@ w505 D - = : G D |
ek b n%E MuM SsEW
W o A& ; o T AREBED)] @ A4S
g2 ox HETEAW ERE S0 AHD
(@7 Fedora23_64bit JORETS = o 2 A
© a8 wa
m N2g 24 @ . Qg Unntisosm
i e ———3 (@9 Cent0S7_E4bit 22 HA: Ubunty (64-biD)
B e 8 ol (0 (DE ABGA 02H <] (@ S u
1 - d {373 Fedoral2 Hoguen 8 MB Ubuntu_16.04_SITL
A 1 Eane (3 6% ’
v XA = = AEIE H x L ¢
i @ Hes Be @B Ubunty 16,04 Testdmkim a3t ’ 4
W B Uburu ST e i
|
I or|e B Ubuntu16-04.8ITL vl ) 14568 ig;",ggeg'ﬁ-m—f*'“ E nazao
" : |
L.f:}l A7 C¥Users¥dmkimWDeskop - 16045.006CS | S aIST . aB El
e o, — b0 25 A orgd
2 azg),
& 1z e SR @ mea :
2EE2|: IDE
IDE 2| OhAE: (248 E2101E] VBoxGuestAdditions,iso (56,63 MB) |
A s ATA
58 I Ubuntu_16,04_SITL.vi (&, 30.00 GB) |
= B 20 |
|
z 20l Windows DirectSound
: ICH ACS? ‘
=
@ ues3a 1
= OfEf 1: Intel PRO/1000 MT Desktop (NAT) |
Be & UsB
— P USB AEE2f: OHCI
[ ok || Cancel TAEE: 00N BAHE) |
— ulelol MXHd = slo k=3 AH A A Al= EH gl ¢ b oS =A2ls HE| =S | =S H
iso el MES =ol =, MM E Jid HAs M8 g AR 2 ZEstod FEES A[ESt, iso
ulol =) Sl o] 0. ] HE| slod=2 Slo|sk &~ ol
J-Ll-EOI EI:Il-E}” AEXO El)vul:l'n_, OI'EH—‘l _I_<3| 9—|'|_:|E 9—'||'|_|cé!- T A=
— — = — - = o - 3
e == 04 SITL (43 2] - Oracle VM VirtuslBo !,@;. fesliE
N By e7 9% T csw
)
=m T3 B me w2 G
Ubuntu_16.04_SITL
@ Cent0SZ abit 14: Ubunty (64-bit)
| @ einE o A28
JI2 HER: 2M8MB Ubuntu_16.04_SITL |
Y8 2N BRM0A3 BOA3 HE02T
VT=X/AMD-V, HAEIS HIOIZ. KVM Eb
a3
|
@ o2s80 I
HOZ M2  1TMB i

Ubuntu_ 14.04.5 JAGCS Ubuntu 16

AZ U236 AH: AIE O =
REEE A St

34

Eg2i: |

IDE M 02| ORAEY: (e S210|2] YBoxGuestadditions.iso (56,69 MB)
HAERD: SATA

| SATA ZE !
3= ene

SAE CE0|H: Windows DirectSound
AEEY: ICH AC?

Ubuntu_16,04_SITL, vef (28, 30,00 GB)

& UEn3 I
OEE] 1: Intel PRO/1000 MT Deskiop (NAT)
& usB

USE 2ES2]:
T BE:

OHCI
0 (0K FEE)

(@ @ 3 Ctl + A
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- ofzfel TES =elsted 2lFA0M AEE HolE MESID  “Install Ubuntu' HHES 28e. 252
OlM= a5 = 4Y H ol 2l2E 52 O|lRZE FoE F o2 AtSE AE AT

- 2528 HAISte opYolM HHolE Mdx| & T|Et S& T2 MdX FH2 ALEAe] MdEof w2t
g2l & = AS

] Ubuntu_16,04 STTL [ 3] - Oracle UM Virtusigox
g oA 9= 3K ssw

27|

L N = DRSS

Install (a5 superuser)

Welcome

Esperanto
Euskara
Frangais
Gaeilge
Galego
Hrvatski
islenska
Italiano
Kurdi
Latviski
Lietuviskai
Magyar
Nederlands
Norsk bokmal
Norsk nynorsk
Polski

Portugués

Try Ubuntu

You can try Ubuntu without making any changes to your computer, directly from
this CD.

Or if you're ready, you can install Ubuntu alongside (or instead of) your current
operating system. This shouldn't take too long.

‘You may wish to read the re

] Ubunty_16,04 SITL [48 5] - Oracke VM Virtualiox I
L2¥

By oM =5 9E =X

Install (as superuser)

Preparing to install Ubuntu

Download updates while installing Ubuntu

This saves time after installation.

Install third-party software for graphics and Wi-Fi hardware, Flash, MP3 and other media
‘This software is subject to license terms included with its documentation. Some s proprietary.
Fluendo MP3 plugin includes MPEG Layer-3 audio decod

technology licensed fr er IIS and Technicolor SA.

Quit Back

ROFs BEHTGE A

Ubunty_1604 STTL [4 5] - Oracle VM VirtualBox.
oY Oy g8 TN

l

27| E2F

Install (as superuser)

Installation type

© Erasedisk and install Ubuntu
Warning: This wil delete all your programs, documents, photos, music, and any other files in all operating systems.

Encrypt the new Ubuntu installation for security
You will choose 3 security key in the next step.

Use LVM with the new Ubuntu installation
This will et up Logical Volume Management. It allows taking snapshots and easier partition resizing.

something else
You can ¢reate of resize partitions yourself, of choose multiple partitions For Ubuntu

Install Now

BOLS B DGE Cu-At

7% Ubuntu_16,04 STTL [ &] - Oracle VM VirtualBox
O 27 9 FA =8Y

iy B o

This computer currently has no detected operating systems. What would you like to do?

© Erasedisk and install Ubuntu

write the changes to disks?

Ifyou continue, the changes listed below will be written to the disks. Otherwise, you will be able to make further
changes manually.

The partition tables of the following devices are changed:
SCSI3 (0,0,0) (sda)

The following partitions are going to be formatted:
partition #1 of SCSI3 (0,0,0) (sda) as ext4
partition #5 of SCSI3 (0,0,0) (sda) as swap

Go Back Continue

BECKE

| BOFY

EEIFISICIER
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- 2lSA AIABOIA AL B AIZH Y FBE
2 MeEa ug A

g oM =7 9E EX Ss¥

T B o @

Install (as superuser)

Where are you?

Continue

BRELIEEDGE Cul+a

- o=
2 =2,

[I‘ﬁi Ubunts 16,08 5T (i(_g 5] - Gracke VN Viuaox
P O s 1]

®uon

Install (as superuser)

Who are you?

Your name: | dmkim
Your eomputer's name: | dmkimDronSITL
The name it uses when it tals to other computers.

Pick ausername: | ST

ch o @

Confirm your password:

Login automatically
© Require my password tolog in
Encrypt myhome Folder

Continue

FREF T CICER

CHAOIM = 254 Al2B0M ALZSE AE

user—-id2} hostname, 12|X password

Install (as superuser)

Keyboard layout

choose your keyboard layout:
English (chana)

English (Nigeria)

English (South Africa)

English (US) - English (Colemak)
English (US) - English (Dvorak alternative international no dead keys)|
English {US) - English (Dvorak)

nglshiUs) §
English (US) - English (Dvorak, intesnational with dead keys)
Estonian English (US) - English (Macintosh)
Faroese English (US) - English (Programmer Dvorak)
Filipino English (US)- English (US, alternative international)
Detect Keyboard Layout

B 0@ A

FIEEE

MM 07| MMEl= HXES supervisor HsH

N

o
MHSID continueE &
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- A™ MM F 2lsA AAHS LIHX| MR DEES ElE = . MAX[J} 2t7 =ctH,| ofelel o
M JHAHAL A AH”S] MEES 275 HAIXIE &ele £ A2n{, ‘Restart Now' HHEZ 25}
0 JIMHAl AAEES T FE S

S TUoumty 1604 STTL 4 B - Oracle VM VitgalBox

e

ag o 9 N ERY

Install (as superuser)

Welcome to Ubuntu

Fast and full of new features, the latest
version of Ubuntu makes computing easier
than ever. Here are just a few cool new things
to look out for.

Installation Complete

0 nstallation s complete, You need to restart the computer in order to use the new installation.

Restart Now

G@Ec-a | FREFEET IO

- MFE =, olgfet €2 MAIXE =l = U, e & 252 HX| (D M7Astel= mMA|IX[ofLt o
HI|E AHSIH, ANs22 JtatHelolM 2|52 MX| CD(iso #d)o|l MAHEES 2ftele = AS. SA2}
T It isomtd 0| MA=KX ZertH, MdFOAM iso o2 MAHSH FHE

mg My =7 om @A sew TeM BAM E2H)

i R &
s D A RE0) | @ £42KS)
NEDHEIN) &3(S) 4 =0DIH)
@ Fed;:r;?pili!‘ilhll Q qu E o2 g
R Ubunty_16,04.SITL
P CentS7 64bit 5%‘ I{\Xi Ubuntu (64-bit)
[& KORERE] & Arm
-3 Fedoral2 Hoguen g
fdanity 71 mma\ zaewa‘~3 322 0 022 o
:’Fﬁ: WT-X/AMD-V, LIAEIS HOIZ, KVM &
%guxr: r)||§< 04 DroneG... Jhatst
aRCEERE]
© n2sao0
HiS HEal
HAHAIE Adh A}ﬁ D'ﬂ
HICIQ 2H: NE Qrgt
E RE4

lDE MP‘E{E\ DR2E: [ S2H0I) HIO) 318
3HE

ATA
SATA:E o Ubuntu_1604_SITL.vdi (2%, 20,00 GB)

BUESLSROEIC-A |

- REo| B EctH offet 22 2I9l WS Held £ US. 2Rl Al AFBAL HHES UM 4N E 7
Mol Liepd ZH0lof, HE M4 Al 21t RE passwordS IHBHE 2lEA AlAH| 2a902 ¥ 4+ US

- 239l F, MDAl & i o] 37|18 = § ched ofzfet 22 MAIXIS sHeld 4 oLt s
HAIKIE RAIIE 25, MAIX Zel 5, JbAMA stel ATl ATjof HFO| 252 AlAHQ A
TIh W B " el 5 s HY
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Could not switch the moniter configuration
could not setthe configuration for CRTC 63

n Close
Guest Session —

o
S
,,P)
B
B
gg—
A
>

Bogp BEQ@EC A | BUSPIERABE A
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“VBOXADDITIONS_5.1.22_115126" contains
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software intended to be automatically started.
Would you like to run it?

If you don't trust this location or aren't s
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FE2/E| MXE <25l supervisor®| passwordE ¢35t}

passwordE HZASHA| LUCtH, MM Al J[LFHH(
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- VirtualBox2l & H& 2ol & DX ghg 29 zUHESZ YUHOIE
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- gtek MX| MAIX] =, ‘Building the main Guest Additional module [failed] & &olstciod |

=

kernel sources2} kernel-devel, make, gcc & =2 =, Development ToolsE FII X[t &=, CIAZ

AAE 2% RYzlE NS =y

(=

T

7 Terminal

2
H -

Verifying archive integrity... ALl good.

Uncompressing VirtualBox 5.1.22 Guest Additions for Linux
VirtualBox Guest Additions installer

Copying additional installer modules ...

Installing additional modules ...

vboxadd.sh: Starting the VirtualBox Guest Additions.
Press Return to close this window...
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O MAVLink message frequency

PX4 Firmwaree| ZE W& =™ MAVLink messageOtCt PX47t GCSZE ™M & sSh= message frequencyOll st
LH20] AS(./Firmware/src/modules/mav!ink/mavlink_main.cpp: 2022 |ine)

- 2 W82 Px42| % JX| modeZ0ll A Normal Mode2t Onboard Mode®!

frequency= (1000000.0f / Frequency Rate)us 2 E7|&

Normal Mode2t Onboard Mode & Ct 3&X 22 HLuUl= message % message frequency rate= Ch3t &3

Message Type Frequency Rate
HEARTBEAT 1.0f
STATUSTEXT 20.0f

0jo

Normal ModedlM 2 L= message % message frequency rate= ClSzt &

Message Type Frequency Rate
SYS_STATUS 1.0f
EXTENDED_SYS_STATE 1.0f
HIGHRES_IMU 1.5f
ATTITUDE 20.0f
RC_CHANNELS 5.0f
SERVO_OUTPUT_RAW_0O 1.0f
ALTITUDE 1.0f
GPS_RAW_INT 1.0f
DISTANCE_SENSOR 0.5f
OPTICAL_FLOW_RAD 1.0f
VISION_POSITION_ESTIMATE 1.0f
ESTIMATOR_STATUS 0.5f
NAV_CONTROLLER_OUTPUT 1.5f
GLOBAL_POSITION_INT 5.0f
LOCAL_POSITION_NED 1.0f
POSITION_TARGET_LOCAL_NED 1.5f
POSITION_TARGET_GLOBAL_INT 1.5f
ATTITUDE_TARGET 2.0f
HOME_POSITION 0.5f
NAMED_VALUE_FLOAT 1.0f
DEBUG 1.0f
DEBUG_VECT 1.0f
VFR_HUD 4.0f
WIND_COV 1.0f
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- Onboard Modedl Al E U= message %

message frequency rate= CtS1} &S

Message Type Frequency Rate
SYS_STATUS 5.0f
EXTENDED_SYS_STATE 5.0f
HIGHRES_ IMU 50.0f
ATT I TUDE 100.0f
ATT I TUDE_QUARTERNION 50.0f
RC_CHANNELS 20.0f
SERVO_OUTPUT_RAW_O 10.0f
ALT I TUDE 10.0f
DISTANCE_SENSOR 10.0f
OPTICAL_FLOW_RAD 10.0f
VISION_POSITION_ESTIMATE 10.0f
ESTIMATOR_STATUS 1.0f
NAV_CONTROLLER_OUTPUT 10.0f
GLOBAL_POSITION_INT 50.0f
LOCAL_POSITION_NED 30.0f
POSITION_TARGET_GLOBAL_INT 10.0f
ATTITUDE_TARGET 10.0f
HOME_POSITION 0.5f
NAMED_VALUE_FLOAT 10.0f
DEBUG 10.0f
DEBUG_VECT 10.0f
VFR_HUD 10.0f
WIND_COV 10.0f
POSITION_TARGET_LOCAL_NED 10.0f
SYSTEM_T IME 1.0f
TIMESYNC 10.0f
CAMERA_CAPTURE 2.0f
ACTUATOR_CONTROL_TARGETO 10.0f

(O)—3-3-3

T gy PE0| 0E HE Y

= o
[ = - = k=T = o|= ol A =
- = dFoME 5x SEAl Bol wE Holg AM2dE =HESH| flaf MM ==7F A= AL ME
o T = o = i = = =L o = = o
S jAcz SR HEo| ARME ASsl0 22T SXA| BHEof| ) Qe x4 Y
Turbidity R2-0.91 T
= NS0 F IR E20 40 Im(formula = DATScolor ~ DATS$Ch)
3 [
IZI/ s B o
- T P = Residuals:
< ~ e Min 1Q Median 3Q@ Max
= d -176.24 -35.57 -13.16 21.36 184.43
8 e
k=] « m/ - Coefficients:
8 o - - e/ o Estimate Std. Error t value Pr(>|t])
S i bt (Intercept) 16.3646 14.5293 1126 0.266
™ DATSChl 3.4404  0.1976 17.408 <2e-16 ***
=3 m
24 =89
B Signif. codes: 0 "***’ 0.001 “**" 0.01 ** 0.05 " 0.1 "' 1
[
= T T T T T Residual standard error: 63.01 on 48 degrees of freedom
5 10 15 20 25 Multiple R-squared: 0.8633, Adjusted R-squared: 0.8604
F-statisticc 303 on 1 and 48 DF, p-value: < 2.2e-16
Turbidity
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A study of Unresolved Complex Mixture (UCM) in crud oil
contaminated soil by thermal desorption treatment

Haein Keum' - Minseok Song' - Guyoung Kang"
Department of Environmental Scisnce, Hankuk University of Foreign Studies
* gy @hufs.ackr

1. Introduction

Kuwait oil contaminated soils have been Ikft for 25 vears after the war in Irag
MNatural weathering and biodegradation break down crude pollutants and create new
compounds, resulting in very slow biclogical degradation. Unresolved Complex Mixture
(UCM) Is present at a high concentration and there are many difficultics in achieving
the concentration to be treated in the recovery of the biclogical crude oil contaminated
soil This study investigated the changes of TFH, PAHs, Alkylated PAHs and UCM
concentrations after the low - temperature thermal desorption treatment to evaluate the
treatment and behavior of UCM remaining after the bio - washing process and Biiopie

treatment of the oil contaminated soil in Kuwait.

Remediation of contaminated soil by crude oil
Using thermal desorption

Min seok Song - Tea in Kim - Gu Young Kang™
Department of Environmental Science, Hankuk University of Foreign Studies

1. Introduction

After the war in Iraq, about 800 oil wells on the coast of Kuwait were destroyed and
more than 300km® was contaminatsd with crude ol As a method to purify the
contaminated soil from crude oil, the Biowashing-Biopile coupling process was carried
out on a semi-pilot scale using a microorganism culture solution obtained by cultivation
of indigenous microorganisms in crude oil contaminated soil in a previous study. As a
result, it was confirmed that TPH (Total Petroleurn Hydrocarbon) was removed more
than 80%". By GC-FID analysis, However, it is confirmed that UCM(Unresolved
Complex Materiall is not efficiently removed UCM is produced during the natural
weathering or erosion of soil contaminated with crude oil and is toxic to marine
ecosystems”. As a result of the previous study through the oven, the most efficient
UCM treatment was confirmed at 300°C for 30 minutes. In this experiment, the heat
was applisd to the tube indirectly in a closed tube of (&2cm = 25cm) for 30min. and
the generated gas was collected in 30ml of hexane(Fig.1)™. As a result of GC-FID
analysis, UCM decreased from the initial about 1000mg/Keg to less than 100 mg/Keg
(Fig.2). The result shows that the addition of the thermal desorption process following
the Biowashing-Biopile coupling process can provide a more reliable contamination
purification method,

2017 EUX|otats| FH =S
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A Study on Optimum Wavelength Selection of Chlorophyll-a
for UAV Image Processing

He . 2HQ - BEE - awA - 2ol - zedt
wEol ol . B

Department of Environmental Science, Hankuk University of Foreign Studies
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1. Introduction
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EMBD = Chlorophyll-a S =8 2 ASHA A

2 AF = UAV Image Processing® 0] 8% = o >
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3D Image Processing UAV-based technology with
comprehensive water management system
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Study on the Integrated Water System Management based on
Unmanned Aerial Vehicle using Image Processing Technology
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Study on correlation of Chlorophyll-a, turbidity and color
for UAV Image Processing
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Mathematical methods to locate touch points
using laser optic modules

Sang-Young Chis

Abstract—aAn mieractive whitshoseds are used in a warsety uf
settings, including in classrooms, i corporate board rooms, in irining
rooms, in broadeasting studios, and others. Interacive whiletand
implementaion is heavily dependent on touchscteen technologics
Existing technologies are suffering from high manufasiuring cost, low
resnlution, screen siee scalahility when the display soreen size 15 oves
100 eivches. In this paper, we inioduce & mew interactive whitehonsd
system that uses laser modulbes. The operationn] principal of the sysiem
i similar 1w thas of the camera-based oplic sysiem. However, our
system posilions iouches more accurasely Iy usg liser mitier and
detecsor, amd 115 oparatsm is simpler dus to the absence of amage
processing. We derived seveml expressions based on trigonnmetry
cileulation o aperale the whiichoard including locating lazer sensors,
sereen positioning, calibration, distetion  dewection, and  poing
locating,  With the simplest form of expressions, e opesaling
hardware has litle burdsn to consume softwang dine.

Keywirds—calibrasion, laser senser, wuchscresn, interactive
whileboand,

| I T R R T
M interactive whitchoard is a large interactive display in
the form factor of a whitebnard, 11 can either be a
standalone  inwchscreen  computer used  independently 1o
perform tasks and operations, or & connectable apparaius used
a5 @ uchpad o controd computers from a projector, They are

used in o variely of setlings, including classronms at all levels of

education, in corporale boord rooms and work groups, n
training rooms for professional spors coaching, in broadeasting
studivs, and others [1].

Interactive whitchoard implementation is heavily dependent
on touchscreen lechnologics such as resistive, surface acousiic
wave, capacitive, infrared grid. infrared acrvlic projection, and
aplical imaging [2]. A touchscreen is an inpet and ouipol device
nermably lavered on the rop of an electronc visual display of an
information processing system, & user can give inpat or control
the  informanon  processing - system  through  simple  or
nvilti-tonech pestures by toeching the screen with a special stylus
oF e or more fingers [3]

This work was suppofted tn part by 2 grand [ 16CTARCTIT026-01) Bom
'|'dn.!|1l'ﬂ:l|ug:-' Advancement Beszarch Pragram fundied Iy Minisary of Land,
Infrastructure and Transpon of Koream goversment, This work was supparied
im part by Hankuk Unévessity of Foreign Studies Ressarch Fund of J018

5:¥. Cho s with the [Hvisicm of Computer & Elecronic Swslems
Empineering, Hankuk University of Foreign Studies, Yangin, Greonpged,
M35, Sisth  Kocea  fearresponding  authos 10 provide  phone:
+HE-10-333 14298 e-mail: sycho@ihufs ac ki)

IS5M- 194954464

Resistive wechnology s the first generation of nuchsereens
[ Wowses wwen transparent electrically resistive layers, When
the user luches the screen, the two luyers are connected at the
touch posint and work as voltage dividers, and the toueh logation
15 then caleulated. The technology has disadvantapes of poor
durability and optical gquality, and lack of multi-touch. In
capacitive-based Wuch panels, electoodes are arranged a3 rows
and columns and are separnled by an insulming malerial [5]
Capacibive wooch  panels  are most commonly  wsed  in
smartphones because ey support multitonch withaut aliering
the wisibility and tramsparency of the display, 1 seffers Tom
high manulecturing cost when the screen size is lrge. In surface
acoustic wive schemes, the tuch position i detecled by
scoustic woves [6]. Tt has tost,  hetter  oprical
performance, higher durabilily, and casier integration eompansd
to capacilive method but il requires heavy foree for touch and
beeel o cover reflectors. Inothe infrared grid scheme, two
adjacent sides of a towch screen ane equipped with light emitting
dindes, which face  photodetectors on the  opposile - sides,
forming an infrared grd pateern | 7). This techrology iz nol
suitable for inleractive whitchoard applications because ol
ingdequale resolution, slow speed, and limited wouch object size.

In camera-based optical Wouchscreen, a peripheral backligh
i5 pravided vin IR LEDs in the comers of e screen with o
retroreflecior around the periphery of the sereen. As a resull of
the retroreflectors, light s radinted Trom the edpes of Lhe screen
aeross the surface of (e screen. Cameres are placed in o or
menre conners of the screen; when a finger touches the sereen, the
periphiral light is blocked and a shadow is seen by the cameras.
Then wuch position is caleulited wilh image processing and
trignnnmetry [8]. It has advantage of lower cost for laeger fooch
sereen but soflers from low resolution, Cwrrenily, (here are
many Tesearches for humon-machine inleraciion beyond 2-D
teesch interiace (9]

A internctive whitchoand can use @ louchscreen compaler,
Howaover, sichsereen fechnique has some drawbacks such as
hagh-coz and implementation difficulty for more (han 100-inch
display= [10]. Therefore, cheap and scaluble touchscreen
methods  have  been imleractive  whiteboard
implementation. Crammercially available large-scale
ieuchscreen echnologies ore optical methods and wltrasonic
meihods, Chptical methods inclute optical imiee sensor method
andd mbrared grid meithod,

In this paper, we introduce & new interactive whilebaard
system thit wses faser modufes, The module eonsists of spinning

lovwer

used  or
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Sample Concentration Sample Concentration Sample Congentration Sample Concentration

point (mg/m’) point (mg/m’) point (mg/m°) point (mg/m’)

sp01 24.7 spl6 25.1 sp3l 235 spd6 13.6

sp02 49.2 spl7 453 sp32 532 sp47 30.2

sp03 57.1 spl8 245 sp33 245 sp48 10.0

spD4 55:1 spl9 44.0 sp34 232 sp49 158

sp03 30.9 sp20 51.2 sp33 432 sp30 11.0

sp06 11.6 sp21 43.2 sp36 54.2 sp5l 24.3

sp07 234 sp22 24.1 sp37 252 sp52 27.6

sp08 11.2 sp23 47.0 sp38 5.0 spS3 112

sp09 51.0 sp24 11.1 sp39 231 spsd 242

spl0 233 sp23 225 spd0 26.3 sp35 26.5

spll 24.3 sp26 17.1 spd 1 25.6 sp36 114

spl2 1.9 sp27 50.4 spd2 237 sp37 9.0

spl3 249 sp28 473 sp43 357 sp58 243

spl4 239 sp29 453 sp44 17.3 sp39 11.7

spl3 48.2 sp30 24.3 spd5 17.0 sp60 6.0

-2 F2 SE= 5.0mg/m, =M 57.1mg/m 2 BIIEUZ

- ol SAXM RESHE SH(HE S FUYAR FR)0| e F@oz mers

- a2t 5= S92 Image ProcessingS St7| 2IsiAM = Ciatb ool 7|z HHHER =ME SAl
of sasiol Lol o xof o SHRE WIlsHs %0 2 & 4 2t wHoz Hoiy
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O FoHdA e X ASHE
- 7ol ALZE FolHdME Y Efglel #XO[EHSF J|ME ALESIR 20, HAM Y5 H MAS

ChEa 23

’f BirdsEYEView, FireFly 6s “ DLS(Downwelling Light Sensor) CRP(Calibration Reflectance Pane)
Wingspan 60"(1524mm) Range Wireless (5+km)
length 32.6"(828mm) Payload Capacity 0.7kg
weight 3.8-4.5kg Cruise Speed 15-18m/s
Flight Time 50~60min Coverage 200ha
Range. Physical up to 53km Body EPO, Carbon fiber Frame

- Ao ALEE FoldH|@AH = 1™ EfRlel FZ0|EHF J|HE ALESAU2H, dH@AH < Y5 2 MEU2
Ct=

- H|AH FZF2 2F 4kg0lUTL, S FEAIZFS 2F 3A|ZH, S AIZHS 4020[US

- 2 d|g o= Image Processings et HE|TtEFIH 27} & 7

o A
2 Fth2tel SH2 =z 2o v|AA|ZHo| S5 EEs a2 DYEA 2vUS

O =% 2207] OIS st NABRAIAY] HA ¥ 7H

- HiE2|E SHALE st Fol7|= ol S st MMEe F&0{Fo w2t Fel7[e Hol2=
7t B7tstnd, ol 2 E2 dH|"A|ZEZ MSsich Eob 710 v @A[ZES fist RelV|= HolZE BILE
flsf I 37| Z|lofet &

- Chol MAM7E 25 =0 o|d $lS (st F2l7|= stete] oy Fol7|E AM8ste A Ect, 559 &
d RoI|E o|&ste Aol Ak AtE(HiEEZ], MM 78 S)FHAAM N g8, £t 229 £
7l REIES WMoz FolY|o | oty 3 AR 3 oty Mol BIteeF S5 RVt
stLto| EM IR £ Botstol 24 sdlste Aol 28Xl

- Rt E AFoAME LEDIUS J|ls2 &350 X9 BHME sl 55 Fel7| ztzZto| JHE Aol AR
T™do| Jtsg o, oY dF B ¥ EFE UFE 55 Fo7|o st HEAM K| MEHAIAH
of MA & FHES FHSUS

- X Bz 25t 5 227 dF 2 2 HoE St XMBHAARE S5+ 2207 ZHEHE 2 A
OE #lol XMZHAIAR DL 217 Zte| SAlak 2HG|E e g8l MA =& JIX1 Us. X
A Al ARl o5 MOlE= T FolV[= X EBAM R 3o EUlse dRole YFESATE
EE Sl 55 F7|E 0|8st0] dF F&O| JISstESE AFE 22 = US. 2 AFoAM AT
A& AIAR 2 Chg20 22 758 Ma3d

P =2 BoV|E &8st BHM R Fe 3 ge J|s
> X ADUMAIARD S50 2217 ZH 1N &4 7|
> MAVLink Z2EE 7|8te| F429| Fl7| &ef ZHEHE % HOo 7|s

- 0| S sl S5 F27|E MOsts AFEAE Fol7(e It B7HEFE AR FoiE st M2
Mol X|4] 2 Lol 2RF oo & AFoM JHe E XARMAIARE 0| H3SS s A 2 T
3 = AJREEZ 0|85101 7|E AR 23 gl X F2o| Jtsstn, ¢ A3BE= JSON(JavaScript Object
Notation)CllO|Ef &Alg Z[Hte2 Mol =HIAF



m

- JSONHO[Ef A2 AIHIAFRE A ZFE otdzo] AHIATRES FEYAS 2 A0 SEH

o -1 =
Clolel dAe2M Hd-gf 422 0|F0{Zl Cloje ©E YA, AHIAFEE o257 mtd 7]
mf ol ¢t diolefwat o2t T2z AoM ALE == vid H ZAAof cfer ol ESO| Ths

r

St T 22 floll dol&E JSON HiolE 2| key= Chs E2f &3

ol 25ts Qg AFJRIEQ Key I MY
Key Description Type
NumberOfUAVs 1719 4
MissionID AT o]&
DivisionInfo AN 3 AH dolEe Azt &5
DivisionType A5 3 e
Missionlnterval FRA71E9] 4% AlZF AlZEALO]
Direction A &y ek
Margin Waypoint9 37+24
Frame P T AEO AF
StartX &t o] AlzF x AH DivisionType A
StartY T A F y AR
EndX - T TR x AR
EndY T TRy AR
AltDiff FA71E 7] 1% Ao DivisionType B
MissionInfo AF AH
NumberOfWaypoints AEE FASH= FHxe 7k =
Waypoint AITE FAFE waypointd] AR
Command waypointe] &3¥ HH
Seq waypoint 3 <=4
Lat waypointd 9=
Lon waypoint® A=
Alt waypointe] 1% T
Paraml waypoint parameter 1
Param?2 waypoint parameter 2
Param3 waypoint parameter 3
Param4 waypoint parameter 4
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oM Ho| ® ARES 0/85t0 0|M 2 U Rojsts wHe osn 28

olde gt 2= HlolE{Se Hae

ol matetel T IIXIJF o0, 23 Bl AE MACl EHA Hoi(b|d Hol)2 Easo cigol
QI7lof 7 olMS Rojsts wWAlo|n, £& Bl B =40 Roly|S0| BF 22 LTS JIX,
A3t /AT vHAR R vlHsts LAl

SAgdolo] Bate stz /M2 81 8(0-100) 085t Hatst

: o~ e 100) —_—
(:E:} \ tfﬁ;; 0, 100) \\

iI
\
{50, 0) (50, 1o0)
T 100
. in
9 o . . . ﬁ
- o (100. 03 * (100. 501 - {100. 100)
G G
L] = Ll
oF B do AT EE A
| J8e F 28 Jd92 dF BHAM Ao H|dF=olMe HE HEE 0[835101 30| Fel7|o
=2 & ods Foi5t7| flet 22 Z2E 2oE. ASAe oF =€ d99 v njde| 2ES
i cteel e A32Es =tasfor &

ol Ho

“NumberOfUAVs” : 3,
“MissionID” : “Mission 1”7 |,
“Divisioninfo” :
“Waypoints” @ [
“DivisionType” : 0,
“Timelnterval” : 500, “Command” : “Start”
“Direction” : 0, “Seq” 1,
“Margin” : 10, “Lat” : 33.336323,
“Frame” : [ “Lon” : 127.247105,
“Alt” @ 50,
“StartX” : 0, “Param1” : 0,
“StartY” : 0, “Param2” : 0,
“EndX” : 50, “Param3” : 0,
“EndY” : 100 “Paramd” : 0

1, 1,

{ {

“StartX” : 50, “Command” : “End”
“StartY” : 0, “Seq” @ 2,

“EndX” : 100, “Lat” : 33.338870,
“EndY” : 50 “Lon” : 127.249911,

}, “Alt” @ B0,

{ “Parami” : 0,
“StartX” : 50, “Param2” : 0,
“StartY” : 50, “Param3” : 0,
“EndX” : 100, “Param4” : 0
“EndY” : 100 H

H }

}5
“MissionInfo” :
“NumberOfWaypoints” : 2,
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2ol AFEEE S5l &M = 2 o|M2 ot I8 25
e 1) ———
I
070 1100
60, l
; 5.0 &
_.n - .
- 6‘
- =49 ‘-‘
-3 AN &
- ._@“'- - ﬂi" .?
& = - - = - - s
9% H3 Adpes 2aE G oo
220 Doy MHOE 9t X|ADHAAES QT-Framework 7|tz TS Qs AASAD,
QT-Framework= Signal/Slot2 X[ &. Signal/Slot2 Signaloll 2|3 S2tE SlotE AZStE, stLtel
taskOllA{ Signalo| LM =ltd olof A& Z Slot0| SZESt= 7|s2=2M ol MY IpHA 275
EJF E0{E1, taskZt event-drivenZAle 2 FEe £+ ULE St= 7|sg. & AT THE Qs A
A B XMZHAARS 2x2= Ct20 23
i User Interface . ]
: Cmmnd&Envsl Data for LI
erF N - - - . . Processed gaia l
MavCmd / MaviMsg I {Vehicle, Waypoint, I
Décoded I Aetesoty .-} "* ¥1_ ission, venicie
MavimdMaviisg Manager
E Group
MAVLink Decoder I T Veticeinfo
" Group I abn:i__ _
T ——
{MAVLink-Packat) [
Msg.Q ¥ Repositary
1l e [
; Encoded
Msg.Q MavCmaMavisg
MAVLink s
Communicator |4
(MAVLink-Packet) :‘ (MAVLink-Packet)
(MAVLEA-Paukel) Raw MovCmdMaviizg Raw MovCmdMaviisg
- Raw-MavCmd / MovMsg *
- - 4 Link >
|F_"}}fil"'dma Video Source Info g | Video Stream
:%?a! o] Video
Video Stream v] Video Stream | Receiver

4— — From GCS to UAV
Using MAVLink Protocol < From repository to internal task

+—— From UAV to GCS

Sk
=

al
ES

=2 o

el = T

= Al o [SF RIAH2HM Al A" MA =

o d
T
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el agu ol MAE

R &M A A=

Communication Link, MAVLink Communicator, MAVLink

Decoder Group, MAVLink Handler Group, MAVLink Encoder, Manager Group, Video ReceiverZ A=

o, 7 e8e ot EoF &S
2= Boly|o o F 25t gl HojE flst AlAE A task
Name Descr iption
o X|MIHA|ARIDL BOIT7|2F MM BAS EHESH=E task
Communication Link o Oole &4 ojato] == F2l7|of2t Ho|EE M&
o SQIJ|ZHE] $=AIEE rawd|0|E{E MAVLink Communicator2 ME&
* MAVLink Message2t rawH|O|E{Zte| AlS H|O|E H&ts =Esi=
task
o« o722 MutslZ| 9T olo|E{Z7F MAVLInk Encoder 2HE{ Mzhz|od

MAVLink Communicator

rawd|O|E{2 B45+5104 Communication Linkoll g
Zol7| 22 E] $AISt rawt|0|E{7} Communication Link2HE] MEtE
™ MAVLink MessageZ Hi&t = MAVLink Decoder Grouplz ME

MAVLink Decoder Group

MAVLink CommunicatorollAl MAVLink MessageZt T Er=[®  MAVLink
Message IDof|l w2t ClEES7| 28k taskel &gt

MAVLink Message2| MEE X|MZHAIAH 2 ALSXIt =20l 7tSEh
4F HolH=Z #HEt

C|ZE 3L 5= Message I1D2| 7H2tE =X

MAVLink Handler Group

MAVLink Decoder GroupOlA Cl|Z2YE = O[O|E{7} XM2l=l= task

Ul(User Interface) 2FE M= "WHo|L} AISXE HXX| 21
X MBI A AR XElsHokst= CIOlE X2| & FI ™Moz Fol7|
2 HiufolskE HIo[E{E &AISH= MAVLInk Salel salo]l =&

group

Manager Group

MAVLink Handler GroupZt Ul, RepositoryAlo|2] HIO|E{ ZH <&t

2 oh= task

=

tlole{e| ol w2t task T4

MAVLink Encoder

MAVLink Handler GroupollAl FM=ek2 H|O|E{E MAVLInk MessageZ

olaHSt= task

Video Receiver

RTSP Z2EZS 0|&350 Fel7|2FE &
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2 0] &75}0

3l Signal/Slot

20'
= T

5

of T

E|
=

B AA & Xa2AAlA

[

- ofg a8e =4 297| Mol 9

MAVLink Decoder Group MAVLink Handler Group

Heartoeal
Hangky

(AL ikl

Encored dafy

Yideo Sourcs infi ~N

_ N
Video Smaming Vidkio Streaming oF
<
4——— From UAY to GCS 4 = == == From GCS fo UAV d

4= == == FromUltoGCS . From repositery to infernal task/

From internal task to repository
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- Ot HolM MAlstE W

0fo

=2
—

A SHRHAILR S Fdsts 24 2552 745t Task=oll oigh dde

MAVLink Handler Group2 T*A3st= task

Name

Description

General Handler

MAVLink Decoder Group2l 2t taskZF MAVLink Handler Groupl 2 HEHSH
= 2E Ho|eE &&SHE task
Uloll Metsliol sl= HIO|E{S2 Manager GroupOlAl HO|E] A|ZtstE =

Mek
Command, Heartbeat, WaypointH|O|E{E A 2|st HIO|E &, ALSAE A

x| x| &£ SEGEHoSH= HIO|E{= General HandlerolAl 2%

Command Handler

AR Fel7|2 M&EStIAL sh= O|o|E{7t Command Manager& Sl
MetzlH sHE Clo|E{E MAVLink ZR2EZE Aoz Hskslo] Fol7|of
HH2 Hij= task

Fo7lo HEs ElfH FV|ZRH SEHE 7|cH

K| MEHA|ABOIAM MEE HWEe| ZES Command Manager 2 =L Ul

— ~ =
EAE = JAES T

Hear tbeat Handler

Bol7|28E| =I5t heartbeat H|IO|E{E 0|Z35lo] Fol7|e| AEHE &
Ity X|AZIMAI ARl heartheatE FI7|2 ELf= task

FI|Mo=z 2T|oAH heartbeat HIOIE{E &

Heartbeat CIO|E{ZFE Fol7|o| Al HEE &ghelsto] 2ol7|e] HHE

£ X{2|5l= Vehicle Manageroll Mg

Waypoint Handler

K| AtZR A AR T Fol7|Zte| el fot MR E XME[E sk task

MAVLink EZ2EZ2| Waypoint ZEE2EEZS 0|2510] X[AZHHA|AEIOf| M
FoV|2 UAFRE MYoltALE, F7(7t 210 Us UAFRE K| aEHAIAH
o= JIHE

K| B A AEOA  FoAToH UFE M o
Waypoint Manager &5 MEE TEgrot folv|z2 M

FE zElshkE
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Manager GroupS TM3St= task

Name

Description

Telemetry Manager

General HandlerollAM Mg 2+2 HIO|E{E Ulo| EAISH| £t task

Command Manager

ASAIZRE UIE Soll MeE2 HHEZ Command Handler2 MESH=
task

Waypoint Manager

AIZXIZRE] HEk2 AR E WaypointList repositoryol XM&SH F
Waypoint  Handler2 JEstn FRIZ|2HEEH  FMsE AFRE
WaypointList repositoryoll XZtst= task

Waypoint Handler2t WaypointList repositoryZte| SH AgsS &

Vehicle Manager

Hear tbeat Handler 2FE FEEE2 HO|HE Sdll F217(2| AEIE Ul
of 20{+F& task
2ol7|e] MEE Vehicle repositoryol A&

Link Manager

K| ARHA|ABIDL Bol7|Zke| EAl 213 MEE Link Info repository
off XZ&Hst MAVLink CommunicatorOH MEst= task

YUt oz X|armtHA|AR D Fol7(ZEe] & Al UDP S4 32
Serial sS4l 3E ALS

Mission Manager

sitel Hil YRS FojFl 2oyl £3E Ba o wUED| A

F 2e AFZES Y& |Hloz AR E 2atstn 2&tst QR E
Waypoint Manager& O|& oF04 Selolol gtEst= 7Isn dF AlRp 24

s

=
S 0]|235l04 Command Manager& S35l Fol7lof HEHS L=

Video Manager

AR UIE Bdll ¢
reposi toryol| IPéSF
Receiver& Sdll MY

245t Video Source™HEE Video Source
iEt MEE Video Receiveroll FE, Video
AAME Ulo|l EA|ISHE task

=]
o
(K=
t

Connection Manager

AREXIZE UIE Soll st Fel7|el AHHEE  Connection Info
repositoryoll XZ&SID Communication Linkoll £217|e] MEE FErst
= task
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K| e 2EM Al 2B

g 743

M St= Repository

Name

Description

Mission Repository

A AT A ARG ALZE ARE X ESH= repository

WaypointList Repository

ol
[

TAM5k= waypointE MZH

i

X AR AAEOAM ALEE AR

Sk= repository

Vehicle Repository

K| b2 A| A Bl et 7| el

o
eSS MESHE rep

Link Info Repository

FRERIAI AR DL 2oI7|7F ol ALESHE E3 HEE A

x| &
L

Video Source Repository

25h= repository
K| MEHA|A-O| RV |Z2RE HMS A5 /st HEE

XNESH= repository

Connection Info Repository

R ATH A AR DL oAASET| st FAV|E2| HERA A&
HE(IPFA, ZEHS)E XESH= repository

- 9 04—? of Alg 2 ZHut AZ2 2lsl SITL(Software In The Loop) EAES FASIH D, SITLS HIHE AlE
HOolME 2let WH & SILIZN, 28 ATEQOZPCZ A|FE0o[ME Fdst= 2l
-2 °HL°| AEH2 & 3ciel PCE ol 83tod AlE2fold gde FHslen, O M g2 o
2ol xol| LIEHA S
PX4 (1)
,I!III!E&IIIEIII
255 220.67.128.82 14550
GCS
PX4 (2)
Cuavio | adaross | por |
Port 14550
1 127.00.1 | [ waviD | P Adaress | Pot |
2 2206712850 14556 > 255 22067.128.82 14550
3 220.67.128.56 14556
PX4 (3)
"
[ mAvID | [ port |
255 220.67.128.82 14550
AlgEo|M &Hd A
AlZello|dE 2«8t PCe &4
T S HA
0S Ubuntu 16.04
Middleware ROS Kinetic
Autopilot PX4
Simulator Gazebo 7.0
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O 43 %Al oM 82 9I3t 2ol BE @l o7

- HE =273 MA (with ROS)

- AR AMFE fst HE T2 32 ROS(Robot Operating System)2 7|Htez MHA5IHS. ROSE ZRS
flet 2LE A HEt 29 AMAol2, it 2HAFOAM HIste sStEN FaE, XFE J|7] MA,
BIHS| ALSE= 7|50l #FEEN U, Z2MHA ZF JAIX| ME, di7|X] 2H 7|5 2 M3

- ROS *£x=E FAHS= M 24 T =(Node)2t EZE(Topic)d. === 229 S22 28t A o9
Al Tasko|oi, EEHE2 =5 7l F11 g MAIX|E 2olo|g. RSeS| siAM2 oy = 7te| EH o
WEHHAIX] Sal)ol2, ==+ F*H(Master)i'zﬁr £20|E(Slave)E2 FAE . OJAE LEE L=
=o Y& HE E LEESS #Elsto], MAIX] SAS /et U Al 22 dEs sl

- =EE 443 S0 opAE o | +Al°| MBE S2511, 2 =St 0fAEE S5 Fastes =oof
HEE DIAHERE 7 = T Lot LEV AY FESH MAIX] sS4l s =11, =5 7
of MAIXl S4l2 EEHPub! |sh)/?5(8ubscr|be) LA Z ol 2t

Node 1 "
(Subsriber) J ®& HMB/0A|X| EL
ROSS| &= 2t Sl
- cige 2E HO{S ¢t Zaade| 4TEg o TxE Holoi, 2 7ML cien Zg
<P NODE> | Battery Dala ~— Repository
BatterySensor w---- s e Meposiiory "
Baceryiifo + Boatinfo. =+ Log |
<P_NODE> ) GPSData -~Ll“isi"’l‘_'w
Compass someone data
Compass o | <P NODE> |Data readivits (Connected with GCS)
Sensor Compassinfo lﬁ n MavMessage
T < SP_NODE > SQ
| Deta —>[£m,m S ¢ | )
Humidity Sensor TmpHmd_info = ol ?'E
<P NODE> | RangeData Message
Range Sensor ®----- -3 ' Heartbeat/
Status info.
Control value
Motor i i <S_NODE> | (motorrudder value)
71 controller
Rudder G- =
ROS Framework
Operating System (Ubuntu MATE)
HE HoE flst Z2afe AZEQof =
« Batterylnfo: H2Eo| £ = gz HE(FoiZ, MY, dF )& ™. &= dolH
ControlUnit ==of &Alst
+ GPSInfo: EEof b2l GPS MMERE HoIE(RIE, 45, 1E, #1d = 5)&2 8. =8
dole= =& & dole= ControlUnit ==o0l &A1&
« Compassinfo: HEo| F2 & X|XHA MMEERE dolH(He M2 F)52 8. &= dolH
ControlUnit =0 &A%t
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e TmpHmd_Info: 2 Eo| &= = 2/ MAMZEE 255 HEE & . =& & HolEe= ControlUnit
=o salg

« Rangelnfo: EEo| 2=
ControlUnit =0 &4l

rn
d
oo
_t_'_l
rx
x
HU
!
m

A
T

b
)

Mg Zof=zte| AHe| HEE 8. & HolHs

 Controller: 2E &sllE 2/8h Mo{ ZX[(Motor2t Rudder )& Mgt

« ControlUnit: HlolEel =& LEEZFE £ = HolEE JI35t0], 2E g6l 98t o5 E 7t
2. 7t& = Hole= Controller ==of &Alst

s Repository: HEZ°| &sll HE 2 HEo| Aef HE, J2(1 sl o|ME 2/e HolEH &9 ANEael

« MavROS: MAVLink Z2ZEZS 0|85t0 X[AZtMA[AEDle] HEO ME(gsl 2 Aef ME) E o|M
Sl MAIX| 52 A% 7t Hlolg Metg flst S4 elE{H oAl

oM A = 2EE Mol Z2I S R0S 7|He 2 FHSHY| 9o 7#xEt & 4 = & EY XS

Cke 8 #€3

prye—.

/motor_speed
femps_data fautopliot_node fmotor_contorller
fmotor_angle
=
fgps_neo6m fgpsData | flogger
M
mavros_node
fmavros_node/global_position/global ‘
B M_static
fmavros_nodefiocal_position/pose ]
maviink
.
Imaviinkfto -
Imaviink/from |4
HE T2 7S 98 RS PE(LE W EY TX)
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Multi-missions

es
Stop boat & @

moving location

loop

A= aall (Autopilot) 2Rle| =ME

oM MASH =MEE FRSH| et gdn2|EF2 oSt Z

>
il
Ol
o
=
e
o
=
=)
Hu
1
4
rot
mjo
o
o
Il
Kl
n
il

iff]

void msgMissionStart() {
i f(waypointList.size() == 0)
return;

ros: :NodeHandle nh;
ros: :Publisher servo_pub =
nh.adver tise<rodeo_boat::motor_angle>("motor_angle", 5);

ros: :Publisher dc_pub =
nh.adver tise<rodeo_boat: :motor_speed>("motor_speed", 5);

rodeo_boat::motor_angle angleMsg;
rodeo_boat::motor_speed speedMsg;

auto iter = waypointList.begin();

while(iter != waypointList.end()) {
if(getDistance(lat, lon, iter->x, iter->y) < 0.1) {
iter++;
speedMsg. speed = 150;
speedMsg.offset = 3892;
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dc_pub.publish(speedMsg) ;

}else {

double dest = getHeading(lat, lon, iter—->x, iter->y);
int offset = calcHeading((int)heading, (int)dest);

of fset;

angleMsg.angle
speedMsg. speed = 204;
speedMsg.of fset = 3892;

servo_pub.publish(angleMsg);
dc_pub.publ ish(speedMsg) ;

4n

el BEE BE M M L 37| obE ®,
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}
}

}
O %2l HE HM=f (H/Wspec. ME X EH &)

T MHE ol MA B BEE F UHA Efeloz MAEHUS. H HM Eel BE(X2 2E)E A

= Sl E Qe HAEROR HMEEUD, F Hunf EfQlel EE(ZE 2E)E XS el 2 YSI MA ZhH&Eb

o] 7}53tEE HM=Zt=AS

ZHE 9|1
g3 e flet 52, 2ZEQolE SYSH MEEHUS



O &l EE Ho{E 28 X[at2hm Al AH
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w (9
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Latitude
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Distance  50.74
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K| ABHA| ARG O|ME F0f ot F o|Mof & o|dE 22[st0{, Slave ZXOA £ 0]
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ME MYt
| MasterEX 28 EH & o|lMdg Fo{gtol o|dES F=dstod, oMol w2} =HZIE Master
ave

2Ro|AH H&hot.

= ojd Master 20| X|&EMAIAROZRE D[ E F0{ grot 5= p|Ho|ct.

Master 222 Z2Z5E Slave 20| $£AI5l= oMoz, ojldg sty O AIE L2|7|
a

T stoh. B ojMel S F/ol= Go To, Follow me, Wait, Take

_89_




|
oo
Q
a
X
]
=
U
fjo
_|_o
:OII__I
-
Ol
n
Ral
>
ki
x
>
>
oz
ro
a
mjo
I
o
il
N
Ijo

- Y 0|dE Fdots EXE2 KA AIA AZED AZE ZRE2 £ T o|Mde ZFol o
2} Master 221} Slave E2EE FA =0, 229 II-.—I(Mast r/Slave) & £0{5l= M2 s =2}

2589 X|?|(Master/Slave) A& 1}H

= A Moy
XA Al ABO| HHE 2ZRE So|M XS X|HEDA S
Step 1. )
P 222 M)
Step 2. MEHE ZEo| X|92 ME4SC).
Step 3. SHE ZRolA X¢ A™Ho| 2A=R=Ct
Step 4. 28 =03 1~-39 ™ g gt=Esic}
- AFBRFS R|AMRIH Al AR o|+~o+o4 c2 g 2EoA M = oMES MAST, ch2 agD 2ol
K| AFBHH A| ABI S Master 2RO /5 o|lMS Mekst
o (R
AR — ®
Master
= 0jM BlAE g 08| | =o0p g0
& e w9 77|
%
EEEE NN _ ’ ol
ERER 1] Slave o oja
I 11/ = 0jx steo)
2 o|M B|lAE T%Z.jﬂ}
XARHAABICZHE MY = ZF/E o|Me| Mgt
- Master 222 XAMHAAHOZHE Z/E oM Z|AES FMawol, Y o|M 82 98t sifo
M B|AER X TASTD, Master 222 M7AM = 0|M 2|AES =MUZ n|Me a5, $3 =
o|M0| Slave 250| =3 & o|Mo|2tH | Master 222 slE 0|ME Slave 2E20f|H M&st
- 39 o|Me Qs MA = A|ABel TxE ofzfel ORI} ZO0|, MY A|AHS Lol X|AFZHHAlA
Bl Clgo 2RSE PAME. 2RO SAI2 RS 7M. Z MA =ony, Zt Lo st Mg cf
=2 |_ 7o
= [==]



MavMsg
(CmdMsg) r
< > MavROS ControlUnit
f"'ﬁe_p'éi;ﬁﬁ'jr ~ ‘:
« Vehicle Info. = Log _g
+ Mission Info - etc o
l D:
[ Achanager Chr:tRenag someone data
read/write
=
o) 2
Q 5
Q) 2
kS
someone data
readiwrite
[ AC-Manager CM-Manager
O < Repository _'N_‘
23 [\ Vehicle Info. = Log o)
=X + Mission Info - etc =
& & @]
€ o
L MavROS ControlUnit J
onfro
Message

Repository

oA el

2+
)y
|ABloZEE 0]M2 24l wol 2t E%QI Hof =

MavROS: MAVLink Z2EZ=Z
2 St €2 HAXIE &
off Al HMEet

RO
ES4AMSED . X AR

+ CM-Manager: CM-Manager = Cooperation Mission Manager® F=ZZA|, X|AZHAIABICZEE Fofgh
2 o|MES EElsle L=, Fo{et2 0|2 Master 222 st F 0|MI} Slave ZRES st B
oM E0[12, Master 22| CM-Manager= Z o|MIt & o|Mg #2|stof, Slave EX0AH & oS
PYNE
o — 0

« AC-Manager : AC-Manager= Another Vehicle Communication Manager9| ZUZ M| CM-Manager == ®
S 95 ¢Z = ctE2 ZX2| AC-Manager ZFE{ o|Mof| st HAIX|E &F41E. = AC-Manager= X|
ATHAA S Hest BEe =T SME T

« ControlUnit: AX Z22o| MO ZE It ==2M ZHE MA L St=Q0f S HojE

HY ojdEs st Al ==+ CM-Manager2t AC-Manager ==0|0{, Zt ==2| AN = 2 A5 LE

2b a5 93 HoleE ofg T 28

<SP NODE>
CM-Manager
Maln Tesk Main-mission % /{_in:pository :
Subscribers S — 4
Sub-mission ~ s Msston Tah"’-..,_._
Topic: “maviink/fo” MAVROS Generated-
Subscriber mission
Mission Start
e SR CommendCooperation Mission | i
Manager FoNSmyee €l\bseriber Control Task —.-. T aasssanasassnsesersaniussnsasass :
sto” Waypoint List Table :
ic: Ci d

.. » Coorarion ﬂﬂ“

' Publisher |+ Mission Generator |*[™|

'TOPJC-'" Coop-Msg, i Cooperation Mission Table

- e HtitEmnm
5 :Zilil(t‘;:;cnm Generated Cooperation Mission Table

~ Seq | Lat Command/ :
+—— Task or Function 2 ¥ MYEE oy H Coop Command :
w==ewees Data read from Storage(Data-Structure) ‘ '

+——— Data write to Storage(Data-Structure)

CM-Manager2| +=
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- CM-Manager =& <9I&" Cooperation Mission Control Task= X|AEHAIARHSCZEE $£Al 22 F 0|
M3 & o|MdE Belst, F o|MdIt 8 o848 22t ctE g o[E(Waypoint List TableZ} Cooperation

Mission Table)oll &Ma|sto{, Stte| o|M Ef|O|=(Generated Cooperation Mission Table)E FIIZ2 F0f
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<SP_NODE>
AC-Manager
Main Task (Communicated with
l Another Vehicle)
Subscribers Coop-Msg,
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Subscriber

CM-Manager

MavMsg
SEZERE I Communication
Task
Topic: “CM-s/to”
Publisher issi
o - Sub-mission
Topic: “CM/ito :’ d + - Mission Table

I Ros2| Node § Another Vehicie Info Table

| lﬂﬂﬂﬂﬂ
I:l (callback) function

£

Data write to Storage(Data-Structure)

AC-Manager2| +=

- AC-Manager *+=& 9 & Communication Taske= ®XM Z&£2| AC-Manager2t 2 Z 52| AC-Manager Ztof|
oM EEe MEl ME HAIXIE &pAI1510, CfE 22028 F 22 B 0|2 Repository2l Another
Vehicle Info Tableol X ZH=l
- A E Y o|M A|AEIS AN MEZS 2 == ofeie OB ooy AR ZAE (e §Y o
M A|ABIS] FM2 StLbe] XAZIMAIARIL Cto| ZREE FME. Cifel 222 5t Master 2
21} ct2| Slave E2E2 FAME 10, Masteret Slavee E2 = HEJF 2 £ 2o, ol XAt
HAAEHcZRE HolF
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Location Info, ﬂ s,
Status Info. .
(via MAVLink) \”
3
Heartbeat,
Location Info, Command
Status Info. (via MAVLink)
(via MAVLink)
Slave(s)
Heartbeat, 2
Location Info. 1
Status Info,
(via MAVLink)
=& ZAE 25t Y oM
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A study on the evaluation of water-bloom using image processing

Yeonwoo Choo' - Guyoung Kang' - Dongmin Kim® - Sungjong Lee ' (3

Remhed: 26 Februay 20187 Aceepted: 23 Oonder 2018
0 Springes Verls GimbH Garmaty, pan of Springer Naus 2018

Abstract

Thisswdy utilized remote smsing techn iques using o unmanmmed aarial vehicle (LAY ) with an atochad multispectml sensor to
mamitor the Makdong River In this study, chlorophyll-a, an mdicator of water quality and the normalzanon difference vegetation
indes (MOWV I, which indicates the vitality of plant growth was employed. NDVHimages were generaied using georeferenced and
Ornthomoeaic images. The data {field samples) used to conduat the study was collected in Sepiember 2017, The melations hip
between the chlorophy 1-a concentrations and 8OV Dwas then examined. The results of the relanonship can be used inmaontorm g

of green algae for waiter guality management

Keywords Chlorophyil-z - Multspectral - Unmanned aerial vehicle

Introduction

In recent trmes, algal blooms have become a major problem
for many waker mvimnments. This 15 becmse they pose a
senons threat to delicate aquatic ccosystems | Pacrd and Otten
20131 Most studies on algal blooms thus far have been camed
out by utilizing ultm-specral sensos atached to satellites or
manned amcmfs for remote sensmg, wsing chlorophyll-o s
the varigble (Chen et al. 2008 ; Zhengpm ot al. 2008: Tebhs
ctal. 2013; Bonansea et al. 201 5; Dofia ot al, 201 5

Femote senang anabee maenals by messurng iz chlon-
phyll-a’s reflectance, Landsat (Tebbs et al. 200 3: Cox et al. 1995;
Thao et al. 20015, MODHS (Ho et al, 3004; Miller and bicKee
2003, SPOT (Oullom et al, [997: Doxamm et al. 2002), and
EMVISAT (Harvey of al. 2015 ) systems provide mmote samsing

Requnahle sdior Vikr Manuel (livein Vsomod o

H Smygony Les
g 16 ey ercom

Yemuwoo Chod
wopoemrgna ] naver am

' Envmmmental Saence, Hanbak Unveraty ol Foregm Shidied,
Dedeslo K1, Weng-am-ri, Mohyson-myeon, Yon gn-si, ysongri-da,
Yongn, Seoul South Kors

Commiter Scences, Hankuk Univeraty of Foretgn Shidies, Oodael o
B 1L Wangsm n, Molyeomn-my e, Yongm-si, Ciyeongn <o,
Nomam, Seoul, Sauth Forea

[Publighed anline: 12 Movember 2018

mmages 0 montior water quality. Remote sensmg techmgques that
use satellie imagng have bem widely applied in monitorng e
waterquahty of bkes, mservos, rivers. and oceans (Moses ot al
2014; Fhengpum et al 2008),

However, thore 15 a constmint to usn g satelbtes for remoie
sensmg: tmages from sabelbtes have low spatial resolutions
{10-34r m and are therefore problematic in evaluatng small
reservoTs, nvers, and lakes (Su and Chou 201 5). The sohston
to this pmblem. a5 demonstmied m this stody, is to atach a
multispoctml sersor to an unmanned agml velucle (LAY L
Through this method, images with high spatinl resolutions of
0.1'm or lzss can be soquined. LAY have been utilmed in this
way for the purpases of momtoring foeds and lakes (Sa and
Choun 2115}, detecting water polluton (Cindido et al. 201 6),
and measunng chlorophyll concentmtions (Colomina and
Mobna 2014; Zang o al HI112).

Manitoring technology hat can be fitted on UAVs is in
increasing demmnd due o its ability to guickly and accurately
buld spatial informaton (Vega et al. 20151 Sansors attached
to LA can effectively collect high msolation images with
muimirmal restramis, bang onbe hmdered by unsurtable wenther
conditions such as strong wnd, ram. and snow (Bendea o al
2008; Limetal 2010} Pmcessmg tmages with LAV's can also
save much time and expenses. This study demonstmites the
aforementioned relinbility, efficimcy, and fledbility of tmage
processing with UAVs by using it i create acoumte orhio-
griphic nomalized difference vegetation index (MOWI) mm-
apes to monitor the chlorophvll conient of a river,

& Springer

Environmental Science and Pollution Research =& A
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Various remote sensing indices related to vegetation cover and chlorophy!l| content

Name Type Abbrev. Equation
Normal ized (Rn-Rr)/
) ) ) Red -NIR NDV |
difference vegetation index (Rn + Rr)
Green normalized (Rn - Ry)/
, o Green -NIR GNDV |
difference vegetation index (Rn + Rg)
Blue Normalized (Rn - Ro)/
, T Blue-NIR BNDV |
difference vegetation index (Rn + Rb)
Normalized difference (Rg - Rr)/
. RE-NIR NDRE |
red edge index (Rg + Rr)

- 108 -



—_

ol
ofl

NTISEH|

H| T

4
(=ey)

AP/

Ty

g

[e;

72

7

2

of g A4

aH

AL %

H9ZE.

St

k2

35 ® sezoll whet

—_—
110

<

o

3
ol

o

—_

- 109 -



A10%, ATHLDRS HES o7 A

& =2 KPAF Of [ E71 AFet
HE (=2/ =2YH/8¢d/ 2% . AKX/ | FEH | =2 AHMLY (S5 ARAL (SClI
=7 =5y Jlek vz T 88 58 X% | /S8 S2d | EE  oR/28
7|E}) =7t 5 AMAD| S &)
Internatio
Mathematical nal
lmetTOd? toh 512 9| Journal of
1| =2 pgf‘;‘tg ug‘fﬁg 2o{tf | - | Circuits, 0.55 & 2018.12.01 z= Scopus
sk
laser optic | ' Systems
modules and Signal
Processing
Environmen
A study on the tal
evaluation of | €+=2] Science
2 | =2 water-bloom | =O{tf = - q 2.8 2018.09.23 chs SCI
using image st and
processing PFS| |Ut|0hn
esearc
o] x|
ZZMAE | et=2
3 =X o|&st 5= |=7odf| - CHeral= - 2018.11.27 e s5
£ R & 2l
e
S A
AT E  =Z0|0|X|2M  FUA s =
4 90 Tz oMz~ HEEsE - 2017.03.02 ch= 55
Z| o}
MAVLink(Ol= &
ome | ) ZREZ =2
5 | Topor | ZlEtel Bo17| | Zojh | - | oistRl= - 2018.02.21 chs s=
A D= Hol 2w | stm
SAN ZzaH
Fol HEEZ stz ol
AZE | CfE MM 5 _ _
= C — CHstkol — Cl= =2
6 20f 4ol %! 5.;(:1_,H fetal= 2018.02.21 i S5
= =1
2=
sme =xgungz T2 I e o
MAVLink(Ol= &
3) T2EE 4o,
A~TE | Jldke 5= | 5 _ = B = ==
- or il
2| st o
K| AFHE| Al A S
ROS(Z&
ATZE LA ) st 2| i
9 04_01_ Zldte| 2ol | =Zojtf | - cietol = - 2018.12.19 = SsE
“ HE Ao E=aml
= =
_ sh=2 9
ATE | Bol HE Hof| g = =
10 2] 0f o= ey i;?}fH - chstol= - 2018.10.08 = S5

- 110 -



A1, 7IEF AR

SolAte #f

- 111 -



125, &1 28l

10.

11.

12.

13.

14.

15.

16.

17.

. Abd-Elrahman A, CroxtonM, Chettri RP, Toor GS, smith S, Hil J (2011)In situ estimation of water

quality parameters in freshwater aquaculture ponds using hyperspectral imaging system. ISPRS J
Photogramm Remote Sensing 66:463-472.

. BeckerR H, Sultan, M I, Boyer G L, Twiss M R, Konopko E. (2009). Mapping cyanobacterial blooms

in the great lakes using MODIS. J. Great Lakes Res. 35, 447-453.

. Bonansea M, Rodriguez MC, Pinotti L, Ferrero S (2015) Using multitemporal Landsat imagery and

linear mixed models for assessing water quality parameters in Rio Tercero reservoir Remote Sens
Environ 158:28-41.

Cendido AKAA, Paranhos Filho AC, HaupenthalMR, SilvaNM, Correa JS, Ribeiro ML (2016) Water
quality and chlorophyll measurement through vegetation indices generated from orbital and
suborbital images. Water Air Soil Pollut 224-227.

. Chen L, Tan CH, Kao SJ, Wang TS (2008) Improvement of remote monitoring on water quality in a

subtropical reservoir by incorporating grammatical evolution with parallel genetic algorithms
into satellite imagery. Water Res 42:296-306.
Cox RM, Forsythe RD, Vaughan GE, Olmsted LL (1998) Assessing water quality in the Catawba River
reservoirs using Landsat thematic mapper satellite data. Lake Reserv Manage 14:405-416
Doea C, Chang NB, Caselles V, Sanchez JM, Camacho A, Delegido J, Vannah BW (2015) Integrated
satellite data fusion and mining for monitoring lake water quality status of the Albufera de
Valencia in Spain. J Environ Manag 151:416-426.

Doxaran D, Froidefond JM, Lavender S, Castaing P (2002) Spectral signature of highly turbid
waters: application with SPOT data to quantify suspended particulate matter concentrations.
Remote Sens Environ 81:149-161.

Eaton AD, Clesceri LS, Rice EW, Greenberg AE (2005) Standard methods for the examination of
water & wastewater, 10200 H. Chlorophyl| 10:18-26. 21st edn

Eunyoung Choe, Jae-Woon Lee and Jae-Kwan Lee (2011)Estimation of Chlorophyll-a Concentrations

in the Nakdong River Using High-Resolution Satellite Image Korean Journal of Remote Sensing,

Vol .27, No.5, 2011, pp.613~623

Gitelson AA, Dall’ Olmo G, Moses W, Rundquist DC, Barrow T, Fisher TR, Gurlin D, Holz J (2008)
A simple semi-analytical model for remote estimation of chlorophyll-a in turbid water. Remote
Sens Environ 112:3582-3593.

Hunter, P. D., Tyler, A. N., Carvalho, L., Codd, G. A., and Maberly, S. C. (2010). Hyperspectral
remote sensing of cyanobacterial pigments as indicators for cell populations and toxins in
eutrophic lakes. Remote Sens. Environ.114, 2705-2718. doi: 10.1016/j.rse.2010.06.006

Harvey ET, Kratzer S, Philipson P (2015) Satellite-based water qualitymonitoring for improved
spatial and temporal retrieval of chlorophyll-a in coastal waters. Remote Sens Environ 158:417-
430.

Hu C, Chen Z, Clayton TD, Swarzenski P, Brock JC, Muller-Karger FE(2004) Assessment of estuarine
water—quality indicators using MODIS medium-resolution bands: initial results from Tampa Bay,
FL. Remote Sens Environ 93:423-441.

Heung-min Kim, Hong-Joo Yoon Seonwoong jang (2016) Application of Unmanned Aerial Vehicle Imagery for
Algal Bloom Monitoring in River Basin. Science & Engineering Research Support Center, Republic of
Korea(1JCA) . International Journal of Control and Automation Vol.9 No.12 pp.203-220

Lin J,H Tao,YWang, Z Huang (2010) Practical application of unmanned aerial vehicles for

mountain hazards survey. International Conference on Geoinformatics Chengdu China, June. 1-5.
Miller RL, McKee BA (2004) Using MODIS Terra 250 m imagery to map concentrations of total
suspended matter in coastal waters. Remote Sens Environ 93:259-266.

- 112 -



18.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Moses WJ, Gitelson AA, Berdnikov S, Bowles JH, Povazhnyi V, Saprygin V, Wagner JE, Patterson KW
(2014) HICO-based NIR- red models for estimating chlorophyll-a concentration in productive
coastal waters. IEEE Geosci Remote Sens Lett 11:1111-1115.

Ouillon S, Forget P, Froidefond JM, Naudin JJ (1997) Estimating suspended matter concentrations
from SPOT data and from field measurements in the Rhone river plume. Mar Technol Soc J 31:
15-20

Paer| HW, Otten TG (2013) Harmful cyanobacterial blooms: causes, consequences, and controls.
Microb Ecol 65:995-1010.

Patrick A, Pelham S, Culbreath A, Holbrook CC (2017) High throughput phenotyping of tomato spot
wilt disease in peanut using unmanned aerial systems and multispectral imaging. |EEE Instrument
and Measurement Society 20:4-12.

Su TC, Chou HT (2015) Application of multispectral sensors carried unmanned aerial vehicle
(UAV) to trophic state mapping of small reservoirs: a case study of Tain-Pu reservoir in
Kinmen, Taiwan. Remote Sens 7:10078-10097.

Tebbs EJ, Remedios JJ, Harper DM (2013) Remote sensing of chlorophyll-a as ameasure of
cyanobacterial biomass in Lake Bogoria, a hypertrophic,saline-alkaline, flamingo lake, using
Landsat ETM+. Remote Sens Environ 135:92-106.

Vega FA, Ramirez FG, Saiz MP, Rosua FO (2015) Multi-temporal imagingusing an unmanned aerial
vehicle for monitoring a sunflower crop. Biosyst Eng 132:19-27.

Zaman B, Jensen A, Clemens SR, McKee M (2014) Retrieval of spectral reflectance of high
resolution multispectral imagery acquired with an autonomous unmanned aerial vehicle. Aggie Air
Photogram Eng Remote Sensing 80:1139-1150.

Zang W, Lin J, Wang Y, Tao H (2012) Investigating small-scale water pollution with UAV remote
sensing technology. In World Automation Congress (WAC) Institute of Electrical and Electronics
Engineers (IEEE) Puerto Vallarta, Mexico 1-4

Zhao D, Cai Y, JiangH, Xu D, ZhangW, An S (2011) Estimation of water clarity in Taihu Lake and
surrounding rivers using Landsat imagery.Water Res 34:165-173.e.

Zhengjun W, Jianming H, Guisen D (2008) Use of satellite imagery toassess the trophic state of
Miyun reservoir, Beijing, China. Environ Pollut 155:13-19.

- 113 -



~
=

FaEY 7|&nte| Ao

235}
[==Jy N}

il
o
ul
K

EL

DB,

25 mAL w(o}

o|=z}el)

s) A=

ar

14 -



-~

O
=3

i

|
e

o
[0

2
S

o

FHEH 7l=nte| Xo[H

2 AFoME 7= A7 SoM Al2E2l =2 (Hyper Spectrometer)S CHAlsto] ch22 FHH2IE Of

N

St Image Processingg T3S

Cl22 ZiH2t= Blue(465~485nm), Green(550~570nm), Red(663~671
Infrared(820~860nm) 2| 57 IIEE o|8stoy EA™EE F 5ot 7,

Images MMAIZ = US

m), RedEdge(712~723nm), Near

ZFo| W & o|s4 =0 Chgt

I =

7|E £ABE 2UETY A2 o744 Tt0] ApEA

- USHY B AR s> AT ED)
- Y FEE(11.3em) B

s = o . . E2H5i B (=22 , SO
2OIH|HH| & 0|88 =ZFF Image Processing 5 E;;o;% %lilil'ﬂEE.(ﬁ. *I-gsﬂf:gOfg)g 1309)
R - - ~UEs| 4E AEEN 9 35
i e e U (UBSE 0[31/01%, FUSBUAN BN 87h

A FHY AR L 2 | Haian S0l s SMOE MElE B
RedEdge™ at a Glance
s e LD Band Name Center Wavelength(nm) Bandwidth(nm)
Bands : : Power Button and
Blue 475 20
Green 560 20
Red 668 10
Red Edge 717 10
0w Near IR 840 40

A=
_I_T'__g

rr
1o

7|

M
|0
fu

AAME M2 oAl o X GPSE 7|He 2 ZEXZI™EOAM HMAIStD U
Ground Control PointE AX &t

ZHAE JEo ARES FAEAMCZR MzAt=of, HE[ZZE FtH2ie] mE #Helel Blue(465~485nm),
Green(550~570nm), Red(663~671nm), RedEdge(712~723nm), Near Infrared(820~860nm)oll o2} Ztzt HHEES
2| ol

AT Zizte] CIXE XEE 0|85t SXB BItE + U= HIHe DYy

1>
mjo

- 115 -



Image Processing Data Banding interpretation
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= A7t Sl E J|2bSetel st AXEE o2 €2
- 2 ARs EF AANUSEBSEA AL XZE EESHH S (http://www.koreawgi.go.kr/index_web. jsp)
=5 22 | #p02 | TBE [ gzpa | gz [ BRIE | z3a | sa [ 322
By O 55 | e | MO | NTO | (0 mon) | mon) | 2

2018-04-28 185 7.5 262 9 5.6 37 2.962 0.017 19.8
2018-04-29 19.3 7.6 239 9.1 5.2 3.6 2.789 0.015 184
2018-04-30 19.8 7.7 228 9.1 53 34 2.672 0.014 14.9
2018-05-01 20 8 221 9.9 5.6 33 2.55 0.009 16.6
2018-05-02 19.7 7.7 218 8.7 5.8 3 2.536 0.011 15.7
2018-05-03 19 7.6 225 8.2 6.5 3.1 2.71 0.015 17.7
2018-05-04 18.9 7.7 236 8.2 6.7 32 2.785 0.015 17.5
2018-05-05 19.6 7.8 239 8.2 5.8 3.2 2.717 0.011 14.3
2018-05-06 19 7.5 225 7.3 5.6 2.8 2.55 0.013 8.5
2018-05-07 19.2 7.6 246 7.3 5.6 2.8 2.654 0.016 8

2018-05-08 189 7.7 256 74 6.6 2.8 2.677 0.016 10.6
2018-05-09 19 7.7 274 7.2 6.1 3.1 - 0.02 9.2
2018-05-10 19.6 7.6 249 74 7.5 3.1 2.788 0.031 71

2018-05-11 20.5 7.5 225 7.8 9.2 2.9 2.507 0.028 6.1

2018-05-12 20 74 221 7.3 8.7 2.8 2424 0.029 5

2018-05-13 213 74 229 7 85 3 2.403 0.034 4.2
2018-05-14 224 75 237 7.3 9.2 2.7 2.483 - 37
2018-05-15 22.8 74 238 7.1 8.1 3.2 - - 32
2018-05-16 223 7.5 256 7 8.3 29 2.204 0.03 3.5
2018-05-17 23.1 73 271 6.8 83 2.7 2.285 0.031 33
2018-05-18 23.3 7.3 263 6.7 8.1 2.5 2.24 0.033 2.9
2018-05-19 219 7.3 274 6.8 9.5 2.6 2.333 0.03 33
2018-05-20 21.8 74 271 7.1 9.8 3 2.331 0.024 3.9
2018-05-21 22 74 270 7 8.8 3 2.343 0.025 3.7
2018-05-22 22.5 7.5 274 7.6 8.2 2.8 2.334 0.024 2.9
2018-05-23 22.3 74 278 7.2 8.4 3 2.393 0.025 3.1

2018-05-24 23.1 7.5 296 7.6 8.8 3.2 2.597 0.025 -

2018-05-25 23.2 7.6 281 8.3 8.1 3 2415 0.022 -

2018-05-26 253 7.8 288 9 83 3 2.423 0.022 2.9
2018-05-27 244 8 284 9.5 8 32 2.374 0.021 35
2018-05-28 24.3 8 287 9.5 79 3.1 2.372 0.019 43
2018-05-29 25.1 7.8 292 8.5 7.6 29 2.338 0.02 3.7
2018-05-30 25 7.7 297 8.1 74 2.8 2.402 0.022 3

2018-05-31 24.9 7.5 312 8.4 7.9 2.8 246 0.023 2.9
2018-06-01 253 7.5 318 8.1 7.9 3 2.549 0.024 2.8
2018-06-02 26.5 7.7 308 9.8 7.9 33 2.408 0.022 5.7
2018-06-03 26.8 7.9 298 10.6 7.9 3.2 2.194 0.02 9

2018-06-04 26.9 7.8 298 9.9 7.5 33 2.144 0.02 77
2018-06-05 26.2 75 293 8.6 7.6 2.9 2.126 0.022 6.3
2018-06-06 27.2 7.5 290 8.1 7.8 3 2.125 0.026 5.2
2018-06-07 28.1 7.6 281 8.4 8 2.7 2.051 0.03 43
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=% 22 | 2202 | WS | gmua | g= | BRE ) sma | zo | S2ER
X () 5 | usjem) | MOV | NTU gy | MO | O | (g

2018-06-08 27.8 79 277 9.1 9.5 2.7 1.934 0.026 55
2018-06-09 27.3 8.5 280 9.6 9.3 2.7 1.866 0.017 10.9
2018-06-10 26.3 8.1 276 8.2 8.8 2.6 1.808 0.016 10.2
2018-06-11 25.6 7.8 279 7.2 9.1 2.8 1.811 0.017 12.2
2018-06-12 25 7.5 289 7.7 9.6 2.6 1.933 0.021 154
2018-06-13 25.2 7.6 293 10.2 8.7 3 1.98 0.024 134
2018-06-14 253 8 285 11.9 8.9 2.7 1.848 0.021 19.3
2018-06-15 25.1 7.9 293 10.5 8.6 2.7 1.901 0.017 16.8
2018-06-16 25.6 7.8 301 9.5 8.6 2.7 1.997 0.017 16.9
2018-06-17 26 83 307 1.3 9.1 2.8 2.047 0.019 244
2018-06-18 26.8 8.6 307 12 10.1 2.8 2.048 0.019 26.1
2018-06-19 - - - - - - - - -
2018-06-20 - - - - - - - - -
2018-06-21 27.3 9 302 9.6 1 - - - 21.8
2018-06-22 27.3 9.1 288 10 2.6 - 1.729 0.01 237
2018-06-23 273 9.1 302 11 3 - 1.76 0.009 34
2018-06-24 27.6 9.1 299 10.5 2.1 - 1.781 0.011 35
2018-06-25 28.2 9 291 10 1.9 - 1.651 0.011 23.8
2018-06-26 27.2 9 313 9.7 4.4 - 1.736 0.011 26.5
2018-06-27 26.5 8 368 8.1 55 2.6 2177 0.015 26.6
2018-06-28 25.5 7.6 397 7.5 6.7 2.6 2.636 0.028 24.8
2018-06-29 25.5 7.3 326 6.6 9.2 2.5 2.827 0.049 13
2018-06-30 24.6 7.2 267 6.8 8.4 2.6 2.946 0.063 7.7
2018-07-01 24.8 7.2 249 6.9 121 2.3 2.75 0.077 6.3
2018-07-02 - - - - - - - - -
2018-07-03 - - - - - - - - -
2018-07-04 - - - - - - - - -
2018-07-05 - - - - - - - - -
2018-07-06 23.1 71 166 6.4 47.2 4.8 3.996 - 6.1
2018-07-07 23 7.1 164 6.2 32 43 3.673 - 47
2018-07-08 23 71 161 6.3 303 4.2 3.57 - 4.9
2018-07-09 22.7 71 167 6.7 23.3 39 3.507 - 6.2
2018-07-10 23 7.2 171 7.3 18.2 - 3.408 - 8.3
2018-07-11 23.8 7.2 170 7.9 14.8 - - - -
2018-07-12 25.3 7.6 177 9.1 11.8 43 2.967 - 26.5
2018-07-13 27.5 7.8 177 10.2 11 4.3 2.847 - 46.4
2018-07-14 287 89 176 11.8 8.9 43 2.598 0.03 61.5
2018-07-15 29.6 8.8 181 11.4 6.8 43 2.603 0.034 50.9
2018-07-16 30 8.6 181 10.8 6.4 41 2.482 0.031 57.6
2018-07-17 30.5 8.9 176 11.3 - 39 2.189 0.02 50.9
2018-07-18 31.7 9 181 11.3 6.7 4 2.169 0.021 503
2018-07-19 324 9 181 10.4 6.5 39 2.155 0.028 425
2018-07-20 324 87 184 9.6 6.3 39 2.139 0.033 287
2018-07-21 336 9.3 185 9.5 7 4.2 2.02 0.05 38.1
2018-07-22 33 9.3 184 9.4 7.1 42 1.976 0.051 29.6
2018-07-23 329 9.4 186 10 6.7 4.1 1.909 0.037 31.8
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2018-07-24 335 9.4 196 1.3 7.6 44 1.95 0.038 30.1
2018-07-25 34 9.4 197 10.5 6.1 4.1 1.929 0.037 175
2018-07-26 34.6 9.4 195 10.3 5.8 39 1.81 0.032 16.1
2018-07-27 347 9.5 187 10.3 5.8 3.8 1.58 0.024 17.6
2018-07-28 34.2 9.5 187 9.8 6.6 37 1.518 0.023 248
2018-07-29 334 94 195 8.9 6.8 39 1.63 0.026 28.8
2018-07-30 328 9.5 202 9.1 104 4 1.651 0.025 509
2018-07-31 328 9.7 223 9.5 14.3 4.5 1.863 0.025 72
2018-08-01 335 9.8 229 11.3 17.8 5 2.254 0.038 122.5
2018-08-02 33 9.6 224 9.8 10.5 45 2.003 0.034 78.1
2018-08-03 33.2 9.7 229 10.6 11.9 4.5 1.828 0.028 59
2018-08-04 337 10 223 11.2 21.7 49 2.084 0.025 111.7
2018-08-05 333 9.4 201 8.2 9.6 - 1.781 0.023 50
2018-08-06 334 9.5 209 8.7 79 4.1 1.546 0.019 431
2018-08-07 33 9.9 222 114 134 45 1.654 0.029 72.8
2018-08-08 33.6 10.1 242 13.1 17.7 4.7 1.906 0.037 99.6
2018-08-09 33.1 10 224 12.9 22 4.5 2.026 0.037 1204
2018-08-10 - - - - - - - - -
2018-08-11 31.1 9.5 263 8.8 19.7 53 2.5 0.044 74.8
2018-08-12 31.7 9.6 253 10.3 23 54 2474 0.045 90.4
2018-08-13 31.6 9.5 249 9.9 22.6 49 2.204 0.039 87.2
2018-08-14 31.9 9.7 268 121 26.9 - 2.171 0.035 97.7
2018-08-15 31.8 9.7 266 13.9 289 - 2.629 0.049 114.2
2018-08-16 31 9.5 280 10.5 20.2 - 2.31 0.04 84.9
2018-08-17 30.2 9.4 306 8.3 173 - 2.32 0.036 62.3
2018-08-18 30 9.5 321 9.8 19.2 - 2.423 0.038 70.6
2018-08-19 30.1 9.5 300 1.7 19.5 47 2.51 0.039 80.6
2018-08-20 29.8 9.8 290 14.4 44.6 4.9 2.901 0.049 121
2018-08-21 304 10 296 15.2 67.3 53 3.195 0.059 1555
2018-08-22 29.8 9.7 283 11.6 28.2 5 2.753 0.043 96.8
2018-08-23 283 9.2 292 7.5 18.9 4.8 2.852 0.04 68.7
2018-08-24 284 9.1 281 7.9 224 45 2.744 0.038 79.5
2018-08-25 28.1 9.3 270 10.1 21.1 44 2.609 0.031 86.5
2018-08-26 26.7 8.4 245 7.6 53.5 4.2 2.87 0.028 56.3
2018-08-27 25.2 7.2 242 5.8 93.7 - 4.024 0.058 19.7
2018-08-28 24.9 7 191 5.2 77.6 - 3.555 0.071 18.5
2018-08-29 254 7 170 5.6 345 4.4 3.094 0.081 10.2
2018-08-30 26 7 169 6.4 20.1 43 2.682 0.082 5.6
2018-08-31 25.7 71 169 6.8 255 4.2 2.681 0.077 5.2
2018-09-01 25.1 7.2 195 72 421 - 2.76 0.076 5.8
2018-09-02 24.4 7 163 6.9 22.2 - 249 0.079 4.2
2018-09-03 24.3 7 152 7 135 3.2 2492 0.076 49
2018-09-04 24.7 7 160 7.1 384 - 2.95 0.079 6.8
2018-09-05 24.4 6.9 145 6.5 68.2 - 3.122 0.072 53
2018-09-06 24.3 7 151 6.9 22.9 37 2.811 0.073 5
2018-09-07 24.2 7.1 154 7.1 15.4 33 2.684 0.076 6.4
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2018-09-08 23.8 7.1 145 74 13 - 2.451 0.071 7.2
2018-09-09 239 71 148 7.7 10.8 2.7 2.386 0.069 94
2018-09-10 237 7.2 160 7.9 10.9 - 2431 0.069 12
2018-09-11 23.6 74 159 8.7 133 - 2.197 0.058 16.2
2018-09-12 24.1 7.8 157 9.5 12.6 2.9 2.149 0.057 22
2018-09-13 23.8 7.9 152 9.8 10.1 2.9 1.956 0.048 244
2018-09-14 23.7 75 154 8.2 10.2 2.8 1.88 0.048 15.3
2018-09-15 23.7 74 154 7.3 9.7 2.7 - 0.049 133
2018-09-16 244 75 171 73 8.8 2.8 2.404 0.056 104
2018-09-17 24.5 7.6 172 7.8 10.6 2.6 2.376 0.052 16.7
2018-09-18 254 7.9 177 8.2 9.8 2.6 2.389 0.045 16.7
2018-09-19 25 8.1 183 9.2 8.2 2.5 2422 0.043 24.1
2018-09-20 24.6 7.8 185 9.2 8 24 2.328 0.03 26.3
2018-09-21 23.9 7.5 189 83 9.3 2.5 2493 0.038 18
2018-09-22 23.6 7.5 217 7.8 10.5 2.7 2.778 0.055 13
2018-09-23 235 75 251 7.8 10.8 2.9 3.092 0.061 10.3
2018-09-24 23.2 7.5 245 7.8 11.6 2.8 3.1 0.058 12
2018-09-25 234 7.8 239 9 10.7 2.7 2.989 0.053 24.6
2018-09-26 229 7.8 248 9 9.9 2.5 2.937 0.049 27.8
2018-09-27 22.6 79 256 9.3 8.8 2.6 2.92 0.044 29.2
2018-09-28 224 8.2 256 10.2 8 2.5 2.793 0.015 442
2018-09-29 22 8 251 9.7 6.9 2.5 2.755 0.012 44.1
2018-09-30 21.9 79 232 9.4 74 2.3 2.641 0.015 44.1
2018-10-01 21.3 79 236 9.1 7.5 24 2.743 0.03 354
2018-10-02 21.5 8.4 218 10.1 6.7 2.3 2.529 0.016 371
2018-10-03 215 83 236 9.9 5.9 2.6 2.803 0.023 259
2018-10-04 215 84 231 10.3 55 2.5 2.714 0.027 27.8
2018-10-05 21.1 8 221 9.2 5.1 2.3 2.547 0.024 19.8
2018-10-06 20.8 75 225 8.7 111.8 3.1 3.554 0.038 10.3
2018-10-07 - - - - - - - - -
2018-10-08 - - - - - - - - -
2018-10-09 - - - - - - - - -
2018-10-10 - - - - - - - - -
2018-10-11 - - - - - - - - -
2018-10-12 18.1 7.2 166 8.5 25.1 - 2.964 0.026 54
2018-10-13 17.8 71 166 8.7 21.6 - 2.961 0.026 6.2
2018-10-14 17.9 7.2 164 8.9 19.6 - 3.03 0.039 7.2
2018-10-15 18 7.2 166 9 19.2 - 2918 - 7.6
2018-10-16 18 73 161 9.2 16.6 - 2.728 - 1.7
2018-10-17 179 73 167 9.5 14.1 - 2.758 - 122
2018-10-18 18 74 163 9.8 12.6 - 2.739 - 19
2018-10-19 17.7 74 161 9.6 134 2.6 2.633 0.03 19
2018-10-20 17.7 7.6 165 10.3 11.6 2.6 2.589 0.027 21.8
2018-10-21 17.6 7.6 174 10.6 10.7 2.6 2.667 0.025 19.7
2018-10-22 17.5 7.6 175 10.7 9.4 2.6 2.641 0.023 18.5
2018-10-23 17.6 7.6 179 10.7 9.1 2.7 2.678 0.025 19.2
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2018-10-24 17.6 77 185 10.8 8.6 2.8 2.671 0.024 21.5
2018-10-25 - - - - - - - - -
2018-10-26 - - - - - - - - -
2018-10-27 16.5 7.6 214 10.7 10.6 2.8 2.858 0.014 27.6
2018-10-28 16.3 7.9 215 10.8 10.6 2.7 2.865 0.012 285
2018-10-29 15.8 7.7 217 10.4 10.9 2.6 2.842 0.009 23.6
2018-10-30 15.2 7.8 216 10.5 13 - 2911 0.011 242
2018-11-01 14.8 7.9 228 10.9 9.9 37 3.05 0.012 24.7
2018-11-02 14.5 8.1 229 11 9.2 3.9 2911 0.008 284
2018-11-03 14.5 83 216 11.2 9.4 3.8 2913 0.01 333
2018-11-04 144 83 236 11.5 8.6 39 2.941 0.007 36.9
2018-11-05 143 8.4 237 114 8.6 37 2.958 0.007 36.5
2018-11-06 14.7 8.6 250 114 6.9 4 2.893 0.007 345
2018-11-07 14.6 8.6 242 11.2 6.7 3.9 2.835 0.006 37.6
2018-11-08 14.7 83 242 10.8 6.8 37 2.845 0.004 389
2018-11-09 14.7 8.2 268 10.4 75 39 3.068 0.003 401
2018-11-10 14.6 8.3 281 10.7 7.2 3.8 3119 0.005 422
2018-11-11 14.5 8.4 294 11 6 4 3.271 0.005 43
2018-11-12 14.6 8.4 292 11.3 6.6 - 3.229 0.006 444
2018-11-13 14.6 8.6 287 11.6 6.1 42 3.218 0.007 45.1
2018-11-14 14.6 8.7 274 11.9 5 4 3.193 0.007 434
2018-11-15 143 8.7 262 11.8 5.2 39 3177 0.006 411
2018-11-16 13.8 8.6 269 11.9 49 39 3.226 0.006 38.1
2018-11-17 13.9 8.7 275 12.7 49 4 3171 0.007 38.8
2018-11-18 135 8.7 278 12.7 4.7 4 3.158 0.006 375
2018-11-19 13.1 8.7 272 12.3 4.7 4 3.142 0.006 378
2018-11-20 12.8 8.8 264 1.7 4.2 3.7 3.013 0.005 39.1
2018-11-21 12.3 8.7 277 11.4 4.9 3.6 - 0.004 40.8
2018-11-22 11.9 8.7 296 11.5 4.9 37 - 0.005 42.7
2018-11-23 1.3 8.8 320 11.7 4.1 37 - 0.005 43
2018-11-24 10.8 8.9 328 11.8 3.7 39 - 0.005 40.6
2018-11-25 10.5 89 318 11.7 35 3.8 - 0.005 345
2018-11-26 10.4 8.8 314 11.8 33 - - - 30.5
2018-11-27 10.3 8.7 313 12.1 2.9 - - - 239
2018-11-28 10.2 8.6 302 12 3.2 - - 0.008 20
2018-11-29 9.8 8.5 293 12.2 3.1 3.8 - 0.01 18
2018-11-30 9.8 8.4 294 123 3 3.6 - 0.009 18.3
2018-12-01 9.6 8.4 291 124 2.7 33 - 0.007 18.5
2018-12-02 9.7 8.4 305 125 2.8 3.2 - 0.007 17.2
2018-12-03 10.1 8.2 336 12.3 2.9 33 - 0.007 14.9
2018-12-04 104 8.1 350 12 29 33 - 0.007 135
2018-12-05 10.1 79 356 11.9 2.9 3.1 - 0.007 13.6
2018-12-06 10 79 362 12 2.7 3.1 - 0.008 155
2018-12-07 9.4 8 366 121 2.9 3.2 - 0.007 19
2018-12-08 8.7 8.2 372 12.2 3.1 3.1 - 0.008 227
2018-12-09 8.4 83 394 12.4 33 3.2 - 0.008 26.8




=% 22 | 2202 | WS | gmua | g= | BRE ) sma | zo | S2ER
X () 5 | usjem) | MOV | NTU gy | MO | O | (g

2018-12-10 8 83 401 124 3.2 3.2 - 0.008 27.2
2018-12-11 7.6 83 388 12.2 3 2.8 - 0.005 255
2018-12-12 7.3 83 397 123 2.7 2.8 - 0.005 24.8
2018-12-13 6.7 8.2 399 12.2 2.2 2.8 348 0.005 22.6
2018-12-14 6.1 8.2 397 12.6 24 2.8 3.491 0.007 22.2
2018-12-15 5.7 8.2 392 13 2.8 2.8 3.493 0.006 23.2
2018-12-16 53 8.1 403 13 24 2.8 3.629 0.006 21.5
2018-12-17 53 8.1 418 13.2 2.3 2.8 3.717 0.006 23.1
2018-12-18 5.2 8.2 431 135 2.4 2.6 3.709 0.013 25

2018-12-19 5.2 83 431 13.9 2.7 2.6 3.754 0.013 331
2018-12-20 5.6 85 419 14.2 3.3 2.9 3.75 0.014 377
2018-12-21 53 8.4 398 14.1 3.2 2.8 3.749 0.015 35.6
2018-12-22 54 8.4 401 143 3.1 2.9 3.715 0.015 36.3
2018-12-23 57 8.3 397 14.1 29 3 3.719 0.015 348
2018-12-24 54 83 386 13.9 3 2.8 3.78 0.014 333
2018-12-25 53 8.2 387 13.8 3.2 2.8 3.813 0.017 31.1
2018-12-26 55 8.1 391 13.8 24 2.8 3.851 0.016 31.1
2018-12-27 5.2 8.2 388 13.2 2.6 2.6 3.819 0.014 333
2018-12-28 4.6 8.1 398 12.6 2.6 24 3.86 0.013 344
2018-12-29 44 8 417 12.8 2.4 24 3.986 0.013 35.8
2018-12-30 4.1 8 417 12.9 2.2 24 4.027 0.013 36

2018-12-31 43 8 410 12.8 19 24 4.024 0.014 333
2019-01-01 42 79 418 12.8 1.8 24 4.058 0.014 32.8
2019-01-02 4.1 8 421 12.7 2 24 4.051 0.014 341
2019-01-03 3.9 8 421 124 1.7 2.3 4.035 0.015 30.1
2019-01-04 3.8 8 422 12.5 1.6 24 4.066 0.014 31

2019-01-05 3.7 8 427 12.7 1.5 2.6 4.081 - 326
2019-01-06 34 8 423 12.9 1.4 2.5 4.085 - 355
2019-01-07 3.1 8 405 13.1 13 2.5 3.998 - 30.1
2019-01-08 3.2 8 398 133 1.2 2.5 3.952 - 18.9
2019-01-09 2.9 8 399 134 1.2 2.5 3.949 - 20.5
2019-01-10 3.1 8 387 134 1.2 2.5 3.958 - 17.8
2019-01-11 3.2 8.1 396 135 1.2 2.5 3.906 0.013 174
2019-01-12 35 8.1 405 13.6 13 2.6 3.862 0.013 18.1
2019-01-13 3.6 8.1 407 13.6 14 2.6 3.824 0.013 20.1
2019-01-14 39 8.1 408 13.7 1.4 2.6 3.748 0.012 22.8
2019-01-15 4 8 422 135 19 2.7 3.78 0.012 239
2019-01-16 35 8.1 422 13.1 34 2.5 - 0.013 25.1
2019-01-17 34 8.4 421 12.8 5 2.9 - 0.016 29.8
2019-01-18 34 83 416 12.8 4.5 2.9 - 0.016 33.2
2019-01-19 4.1 8.2 398 12.8 4.5 2.8 - 0.016 36.1
2019-01-20 4.4 8.2 395 12.7 4.8 2.8 - 0.016 409
2019-01-21 43 8.2 390 12.8 49 2.8 - 0.017 333
2019-01-22 4.6 8.2 385 13.1 44 2.8 - 0.015 135
2019-01-23 4.8 8.2 390 13.1 45 2.8 - 0.015 15.2
2019-01-24 49 8.1 390 13.2 4.6 2.8 3.969 0.016 173




=% 22 | 2202 | WS | gmua | g= | BRE ) sma | zo | S2ER
X () 5 | usjem) | MOV | NTU gy | MO | O | (g

2019-01-25 45 8.1 400 134 49 2.7 3.973 0.016 19.1
2019-01-26 4.1 8.1 405 133 4.7 2.6 3.845 0.016 16

2019-01-27 4.1 8.1 385 134 43 - 3.865 0.016 15.6
2019-01-28 41 8.1 397 135 4.5 2.6 3.815 0.016 19.3
2019-01-29 45 8.1 419 134 44 2.7 3.831 0.015 246
2019-01-30 4.9 8.1 412 13.7 43 2.7 3.856 - 28.8
2019-01-31 4.6 8.2 417 13.8 4.8 2.5 3.925 - 299
2019-02-01 4.2 8.2 434 13.9 4.6 2.5 3.936 - 31.6
2019-02-02 43 8.2 445 14 43 24 4.022 - 303
2019-02-03 4.8 8.2 450 14.1 44 2.9 3.999 - 30.3
2019-02-04 4.8 8.2 450 14 4.7 2.8 4.121 - 328
2019-02-05 4.8 8.2 447 13.9 4.6 - 4.039 - 389
2019-02-06 5.7 83 446 14 4.6 3 4.032 - 46.1
2019-02-07 5.6 8.2 433 13.8 53 2.8 3.955 0.014 453
2019-02-08 5.1 83 441 135 5.6 2.7 3.962 0.014 32

2019-02-09 5.1 8.2 441 13.6 53 2.7 3.92 0.013 347
2019-02-10 5 8.3 444 137 55 2.7 3.968 0.013 417
2019-02-11 5 83 448 13.8 5.8 2.7 3.978 0.014 40.6
2019-02-12 5 8.4 447 13.9 5.6 2.6 3.963 0.013 375
2019-02-13 5.2 8.4 447 13.8 6 2.6 3.917 0.013 458
2019-02-14 55 8.4 434 13.8 6.6 2.7 3.974 0.013 48

2019-02-15 5.6 8.4 439 13.8 6.8 2.7 3.96 0.013 46.9
2019-02-16 5.6 8.4 436 13.9 7 2.6 3.782 0.012 39.6
2019-02-17 55 8.5 409 13.9 6.7 2.6 3.618 0.012 426
2019-02-18 5.6 8.6 365 14 6.5 2.6 3.505 0.011 452
2019-02-19 5.7 85 321 13.7 6.1 2.5 3.309 0.01 45.6
2019-02-20 5.8 8.5 361 14.1 7.2 2.7 348 0.01 522
2019-02-21 6.1 8.4 440 14.2 7.4 2.9 3.883 0.012 515
2019-02-22 6.4 8.6 447 14.4 7.4 3 4.036 0.013 537
2019-02-23 6.9 85 435 14.4 7.8 3.1 4.149 0.013 454
2019-02-24 7.5 85 430 14.3 7.6 3 4.272 0.012 48.7
2019-02-25 7.8 8.6 423 14.9 7.5 3.2 4.25 0.012 53.2
2019-02-26 8.1 8.7 382 14.8 7.1 3.1 4.028 0.013 555
2019-02-27 8.5 8.8 374 15 6.8 3.1 - - 62.4
2019-02-28 9.2 89 349 14.8 6.6 2.9 3.224 - 56.6
2019-03-01 9.4 9.1 337 14.7 6.4 2.8 3.229 0.011 358
2019-03-02 9.6 9.1 340 14.7 6.4 2.6 3.152 0.009 38.8
2019-03-03 10.1 9.2 343 15 6.4 2.6 3.117 0.009 431
2019-03-04 10.7 9.2 336 15 6.5 2.6 3.137 0.008 391
2019-03-05 11.2 9.2 323 14.3 6 2.6 3.203 0.01 29.2
2019-03-06 1.7 9.1 300 13.6 5.8 24 2.903 0.009 28.5
2019-03-07 113 9.1 320 14.1 6.2 24 3.245 0.008 344
2019-03-08 113 9.1 324 13.9 6.5 24 3.226 0.007 353
2019-03-09 11.9 9.1 328 13.9 6.1 2.5 3.347 0.007 37.8
2019-03-10 114 9 342 13.7 6.4 2.7 3.489 0.007 485
2019-03-11 10.4 8.8 360 13.1 6.9 2.5 3.737 0.006 51.9
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=% 22 | 2202 | WS | gmua | g= | BRE ) sma | zo | S2ER
X () 5 | usjem) | MOV | NTU gy | MO | O | (g

2019-03-12 - - - - - - - - 489
2019-03-13 - - - - - - - -

2019-03-14 - - - - - - - - 36.4
2019-03-15 10.3 8.7 410 135 6.5 - 3.571 0.006 431
2019-03-16 10.7 8.9 411 14.6 6.9 2.6 3483 0.004 429
2019-03-17 10.8 9.1 410 - 6.8 2.6 3.492 0.004 46.6
2019-03-18 11.1 9.2 399 - 6.6 2.6 3.508 0.003 49.9
2019-03-19 11.6 9.1 387 13.1 6.4 - 3.36 ND 515
2019-03-20 11.9 9.1 374 134 6.2 - 3.288 ND 53.2
2019-03-21 121 89 383 12.4 6.8 - 3.389 ND 55.5
2019-03-22 11.5 8.8 388 12 7.1 - 3.385 ND 55.1
2019-03-23 1.2 8.7 386 11.6 6.5 2.1 3.332 ND 52.5
2019-03-24 12.2 8.8 390 11.9 5.8 2.2 342 ND 50.1
2019-03-25 12 9 398 12.2 6 2.3 3.482 ND 53.2
2019-03-26 123 9 403 125 5.7 2.3 3454 ND 49.8
2019-03-27 12.8 8.9 407 12.2 5.8 2.3 3.524 ND 46.5
2019-03-28 137 8.8 410 11.5 5.6 2.4 3.526 ND 41.3
2019-03-29 139 8.8 418 11.3 53 24 3.629 ND 354
2019-03-30 13.9 8.7 425 10.7 5.2 2.7 - ND 306
2019-03-31 12.9 8.4 429 10 5.6 2.5 - ND 29.3
2019-04-01 12.7 8.4 431 9.9 5.8 2.5 - ND 26.4
2019-04-02 13 83 430 10 5.7 24 3.658 ND 21.3
2019-04-03 135 8.6 399 10.4 5 2.2 3.456 ND 21.3
2019-04-04 13.7 8.6 402 10.3 49 2.2 3425 ND 19.7
2019-04-05 14 83 433 9.8 53 2.3 3.605 ND 17.6
2019-04-06 14.8 8.2 448 9.6 5.1 2.3 3.732 ND 15.1
2019-04-07 14.8 8.1 476 9.5 5 2.4 3.873 ND 13

2019-04-08 15.3 8.1 502 9.4 5.2 2.5 4.003 0.003 8.8
2019-04-09 14.6 8 519 9.3 5.6 2.8 3.944 0.006 5.6
2019-04-10 13.9 8 534 9.1 6.2 2.8 4.067 0.006 6.9
2019-04-11 14.2 8 518 9.2 6.5 2.8 4.022 0.007 75
2019-04-12 14.5 8.2 460 10 6.2 2.6 3.81 0.007 123
2019-04-13 14.7 85 425 10.8 5.6 2.6 3.621 0.003 24.8
2019-04-14 14.6 8.6 411 1.3 5.8 2.7 3.577 0.003 357
2019-04-15 14.7 83 389 10.9 6.3 2.6 3.551 0.003 24

2019-04-16 15.5 8.2 361 10.7 55 2.2 3.225 0.003 153
2019-04-17 16.4 8.4 367 10.9 5.1 2.2 3.238 ND 143
2019-04-18 16.8 85 365 11 5.7 2.2 3.193 ND 14.5
2019-04-19 15.9 8.4 404 10.5 6.3 2.3 3.409 0.003 16.6
2019-04-20 17 83 437 10.2 6.5 2.5 3.573 0.003 15.3
2019-04-21 17.6 85 441 10.1 7.4 24 3.552 ND 11.4
2019-04-22 19 85 425 9.6 - 2.2 3.475 ND 8.3
2019-04-23 18.8 85 417 9.5 6.4 2.1 3.444 0.004 8.5
2019-04-24 18.7 8.4 443 8.5 77 2.3 3.566 0.006 9.7
2019-04-25 18.4 83 472 - 7.2 - 3.934 0.008 10

2019-04-26 174 8 475 8.8 6 24 3.56 0.006 8.7
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=3 22 | 2202 | WS | gmua | g= | BRE ) sma | zo | S2ER
A (0 sk (uS/cm) (mg/l-) (NTU) (m_é_/l_) (mg/L) (mg/l-) (m(_;;m’)
2019-04-27 17.6 7.7 482 8 6.6 2.3 3.566 0.007 54
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