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Abstract — Recently, camera and RADAR are used for more effective and accurate observation of the bird migra-
tion. In recent years, many researches on the bird migration using RADAR are undertaking and in active, thus
causes the advent of “RADAR ornithology” as a new academic field. Due to the lack of accessibility, economic
feasibility and mobility of weather RADAR, airport searching RADAR and tracking RADAR, Nowadays, a marine
RADAR is widely used for a bird observation. In this paper, we deals with a study on development of a remote
bird observation system using marine FMCW RADAR, which monitors, records and analyzes bird movement by
RADAR image processing and target recognition technology. Also, we conduct first test and second test for avail-
ability of the developed system, and verify the system to apply in bird observation domain. Consequently, we fig-
ured problems out, and correct the problems to improve the system. The developed system can apply in other
domains such as environment evaluation. In the future, the system needs to improve accuracy of statistics and to
track migration route of bird.

Keywords: FMCW RADAR(FMCW #l|©] ), marine RADAR(1H}-g- 2l ©]H), bird monitoring(Z£7F # A1),
bird observation(Z=F ¥5), RADAR ornithology(&|©]t] Z=7-3})
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ol 221 A3l 7hle(infrared thermal imaging camera)
L} o] (RADAR : RAdio Detecting And Ranging)2} 2> 4| &
gg3to] 2/ B5S 5385+ 3 tH(Gauthreaux and Livingston
[2006], Gauthreaux ef al.[2008], Horn and Kunz[2008]). 3]+ 4]
QA Al FhHlel= Bl olwol Har, sk o] xRk
5 golo] WA 5k dlo] Qlek. o] gk o]y so® Qlalo] ¥
oy E G835t i TSl Tt A7 st o] Fo AT gle
u], gojt] ZFeoleh= st wokx 543k =St

A, 3, AL 71 T RS EobellA] e gl Holue
A} (electromagnetic wave)E 'TA18te] EA ZHE] Q] Wi LS
FAleRs WA o EAIE BReka, 1 W 9 AEE dohlie
Zajoltt, IUje)F o w 27 IS fl8l 714 dlold, &3 B4
glold], 32| gloju], Aukg- glolr] 5 o8] F7e] HoltE Eehk=
A7} 2138]o] 2k (Korea National Park Research Institute[20107). 3}
A9, 7174 dlolols #5 B GA A Al €] atelH,
o]go] x| k= Aleko] Qlrt. AR T3 B glojr] 2
4 glolg & AtF ox a7t o]go] fFA] kol Al W
o5/ SHelxe] dao] it

sk, FMCW(Frequency Modulated Continuous Wave : =3}~
HZ AL3} o]t v Y| EE (magnetron)S ©]-88k= 7= &
2 (pulse) glelEfel vl&l] E8o] yta, e oz Fakslo] wlEe]
ek Bl A714Q1 age] Aom, 23 Wl 9 WA Alofell
Hojubet. sAIRE At o= '] Ael7t ok E ] 36le]) T
2% Autou} 27E] GA g0 % ARGEH, Auks vRste] AL,
Hg 1% S, A% T3 B, 3w S 5 W wolellA
857 QJTHKim e al.[2009], Park ef al[2004], Ji and Lee[2010]).
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ZAuRg- o]l & o] &3 2 w5l #ek A Ay Es
19983 3= thehe] BIRDRAD(BIRD RADar)7} 3 tHGauthreaux
and Belser[2003]). ©]+= Furuno AF2] 4A1¥}-§- X-Band H 2~ #lo]t] 2}

BRI QHEILE ol galo] A ARE TEEIRLOm, 6 km WA

and Belser[2005]).
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goltE o] &5k 27 =5 7ol thgh o] szobAaL, =7t
A1 2Rl 2] #5o] Feallel whet thaf i 5 7o et A
TF7F 8= 3 i), A o2, 1178 W (fixed beam) #Ho]r] U
A P FHlEkE o) get 2R/ ol A5l Bk AT (Gauthreaux
and Livingston[2006])7} $1t}. &E$F NEXRAD(NEXt Generation
RADar)?] =& 7] #lo]t]¢l WSR-88D(Weather Surveillance
Radar-1988, Doppler) WIEHZE B3l 27 ols A5l st A7
(Gauthreaux et al.[2008], Horn and Kunz[2008]) 5°] It} )2
Ao HEe] 71 glolHE o] &3 25 ol 5 Ak AT
(Huh et al[2011]) -5©] Atk SAIRE, o]t Qd+ol] ARSR elolu=
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ol 9loja] o] Alekdo] EAlsY
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ol A ARYek= ARl 2= Fig. 13 2o, dX
(local) SEJR1AE A4~} 2 %] (remote) AW A|AE] O 2 R
wof Qlet. APket Al2Rlell= dX| el R dole] JrE 47
AelM = gRIE = Q=T BAISR= 7|5 % oIt E Alojsh= 7]
T2 AlEehs A W SEeldE 22 3o 3k 3lE
olt] AR om|x] X 9 B3 4] &S Agsle] A5 =
7 A 7es Alwske €A ZEaHE 23

27 FEo|E A2Fleli= FMCW o]y, QIEj#o] 2 vk
(interface box), ¥ 31 ] (power supply), WEH T &4 X E
(network extension box), 1%~ A% (external storage), E=to|<
E PCE A=) 3lar, AR A A|]LE A8 PC, S A7
AAZ V3= o] Jlth. AlNELE Ak 7 RIS Ve the
¥} A,
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- Interface box: FMCW #|o|t el &J3l] ~71% g K. (spoke data)yE
ojyle R F5AIe = QIEE HE U Alo] HXXE FolH = A
gl Vs

- Power supply: #lo]H], QIE|FHo] 2~ Bk W EQA S S Eo|
s T3k 7e

- Network extension port: QIE]Zo]2 Bl2of O3] e #Hlold
dlo|elE SelE PCE HF3l] st 233 Vs

- Client PC: #lo]t] tlo]ElE shel] 3A], S 287Xl 214,
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extension port Client PC Server PC

Fig. 1. Conceptual diagram of the remote bird observation system.
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- Server PC: 7413 g|o]t] d|o]E]E shdo EA],
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o b MY TR IS 29

- External storage: @l|o|t] R 4 2FIAA
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AEIE F3l dloly 76i(spoke)
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A dlelHE A%
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- Client Program: S2}o|AE PC oA &2, 439 dlold
B (spoke)E ©]H|A| = §]—U4°ﬂ A 9 9T AR ol A ek
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Table 1. Specifications of devices

Specifications
Lowrance Broadband 4G RADAR
Lowrance RI-10

FMCW RADAR
Interface box

Power supply 12-24V DC/5A Adaptor
Ethernet switch Lowrance NEP-2 Network Expansion Port
Client PC/Server PC  Dell Precision T3600

External storage DataMore PentaRAID Deluxe (10TB)

Table 2. Specifications of FMCW RADAR

Specifications

FCC/IC/R&TTE
FCC ID: RAY3G4G

Compliance IC ID: 4697A-3G4G
Human Exposure General Public
Safety Limit - touch dome anywhere
TEC60945 4th edition 2002-2008
. Operating temperature: -25° to +55 °C
Environmental

Relative humidity: +35 °C, 95% RH
Waterproof: IPX6
Relative wind velocity 51 m/sec (Max:100 Knots)
Operating: 18W (Typ.) @ 13.8VDC
Standby: 2W (Typ.) @ 13.8VDC
9V ~31.2Vdc (12/24 Volt systems)

Height 280 mm (11.02")
x Diameter 488 mm (19.27 Ibs.)

7.4kg

Power Consumption

DC Input

Outside Dimensions

Weight

3.2 SIEYI Al H 7H”* =4
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Table 3. Development environments of system

Specifications
oS Microsoft Windows 7 Professional K
Tool Microsoft Visual Studio 2010
Language MFC/C++
SDK/API  Navico BRPC Radar Software Development Kit Library

rl

Table 29} 2t} Bogh M| Eefo|AE /5] 2 7710 /i $Hd2
Table 31| VFERS O™ glo|t] 2} A H7-2 Navicor A Alssk=
Navico BRPC Radar Software Development Kit Library (Corda[2009],
Corda and Bell[2009a], Corda and Bell[2009b], Bell[2009])E ©]-&
skl
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AH 290 AR} QIE]H o] A= Fig. 33 710131 glojd
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Fig. 2. User interface of client program.
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Spoke data (Target recognition)
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h 4
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Fig. 5. Processes of labelling (target recognition).

RADAR image
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Grayscale

L& Fig. 59} 22T} spoke data® 3% dlojt] JRE= WA, HIE
W o|n]R] FHA R kT 7§, To] A Y (grayscale), 7H-Al
¢t HE] ¥ (Gaussian filtering), ©]%13H(binarization), =2 (labeling)2]
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AR, b c%kol Aol & AF3t R Bl
2032 oifo] 29 A ] 275 4ol AR, oilol o
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o} AR gro = ek 1 ouAleM AAR = a3t

Gaussian filtering

Labelling

Binaryzation

(Target recognition)

Color bar

wons e LN
Grayscale -
Binaryzation -

Fig. 6. Example of labelling (target recognition).
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Table 4. Criteria of bird crowding scale
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Fig. 8. Result of second test.
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