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Automated Counting of Waterfowl on Water Surface Using UAV Imagery
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Abstract

The monitoring of migratory geese at known stopover sites is crucial to their habitat conservation but usually requires
skilled manpower for counting large flocks of waterfowl. The use of observations from UAVs (unmanned aerial vehicles,

a.k.a. drones) is a potential alternative to traditional bird counting methods. We used a multicopter-type UAV with a well-

stabilized camera to count greater white-fronted geese (Anser albifrons) that seasonally roost in Lake Miyajima-numa,
Hokkaido, Japan. Since the geese roost at sundown, we had to find good camera settings that enabled the detection of geese
on the lake under dim light conditions. The key camera setting was a very long explosion time of half a second, which
allowed us to detect and count geese up to about 30 minutes after sunset. A single UAV flight could observe the entire lake

from an altitude of 100 m above the water surface with little disturbance to the roosting geese.

We used a cascade classifier, which is a machine leaning technique, to automatically count geese in the imagery. The
counting accuracy ranged from —4.1% to+6.1% in four validation cases compared with manual counts on the UAV
image. We conclude that the combination of UAV and machine leaning methods can yield goose counts with an accuracy
of £15%. The results suggest that this approach will be useful for monitoring geese or other waterfowl.

Keywords : UAV (Unmanned Aerial Vehicle; drone), Lake Miyajima-numa, Greather white-fronted goose (Anser albifrons),
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Fig. 1 Study area of Lake Miyajima-numa. This map is a re-
production of the Basic Geospatial Information pub-
lished by Geospatial Information Authority of Japan.
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Table 1 Specifications of the UAV and camera used in this study.

UAV Model

Inspire2

Make

Weight 3,440 ¢ Without gimbal & camera

Max takeoff weight 4250 g

Hovering accuracy +0.5 m Vertical

+1.5m Horizontal

Max flight time 23 min With Zenmuse X7
Camera/ Model Zenmuse X5S
Gimbal ~ Make

# Pixel 5280 x 3956

Angular vibration range +0.01°

Lens Olympus M.ZUIKO DIGITAL ED

12 mm F2.0
Focal length 12 mm

— 364 —



HARYE— My vy 75555 Vol. 39 No. 5 (2019)

MANEL B EBEAMET L, A7 ¥ b2 BERmE (4
WZa Yy b AN TOHRENTERV, ZOMTHRITH
AMARDRL, BERGRERI A Y 25T T3 5 A%
%200 L, AREIDTAHAITICMEEE T TAZ L
kL7

Z D& ) AR ORI TO UAV 12 X 08130 %
THHH, HMEEEZ 12 EFEFICELERETLIZ LIS
£, <& BHRCHRIBTRERMHROMEIFE L 7 %
ZEERRMNMLA, 2o k) RERBHZER T, UAV K
DT L RARE) O BT T 5 MR DSAEER & % 2 s
HHY, BWERER Y VNV EER L~ v oM %
BEOWEZMRT LI ENTEZ, 7B, TELETM
AVHEERIELT-DIC, LY - H A ZXDOKRI LD AT
FIEO/NSRLV Y A%Mfilv5Z L bEETH S, ISO K
BE e O IREOTT I A D, 3,200~12,800 FEEE % fif
HL7,

3.2 RERITHE

HARENTIE, MEdick )l (HEUED 2 widH
WLLED ORIT24T) WG, HorLo, MhERED
KBEZ\T DD D Do RUIZETIE, HRHZR L YK
PR ORZ2EEE 311 5, HZES 7084 5) &2, BESH
7250 L TRIT R,

3.3 UAV E{ROE{NIE

UAV 2> 5 Oz L72Wig (BT, UAV R E W) 12
BoTWwaI A yOHE A Y v MLE ORI L LT
UAV W{§ OB %2~ A7 L, BRIERSAE L #
OB, BEREN G E T 5 LRI REICREAET D72
BDTHb, HBEBETIE—F % UKIMOZEMYZEE) L
NSV, GIS BICAKIRY Y7 — 5 BER T A .74
MPNZ X Y BERE A7 T 52 EDMHETH 5,

F 72, ARG VR E IR L7 UAV B,
HFEE L o THEDICHERNTE b7, BHRBRROH
HPLHB Y Y FORENSHNT L L L,

3.4 HBFE (HDRXF—K98E) ICEK3B8HYC MNF

*

SHO<HN V&% UAV IE» S H Y v b 5720121,
AFIZ L BIEETIIZ R 2 ET 2O TEHEICE 2
A > bASLBE L # R 720 RIS TIE, WARKIEIC X
SHibND A A — FHETFEDD 2FHL, HEA
v N iART

B, WRMEBOFEE LT, BlZAIEX ) Bzt
BIMEALEE 2 flifk) ZAIH$ A2 8 EZ SN FHHTD
T A M TREHOWRE D F UHESTE T, HEHEOW
BICPESTH) LTV EEREFUHMTE LTI A—F %
WETHZENWNETH o7, TORBINGRE LD
UAV W{EASHTR O X 9 (A E o R ISz S hvTw
HIEMB I A ANRKRENWT & L KGOS TN & Z o
DOF M THERE L LKARLEDOHL SRR DL L, 2%
Fohd, 2Oo@G AR (2 fifk) 12X )Rk~
W SEMCRE LR ERIESE 201 INEEE £ 2 5

N5,

Z 2 TARIIZE T, WEDPREL oo Bomigr H
WCHER S ENUTEE L TR ERILTE 2RO H 5
BB X BT T —F 2 RET B,

3.5 BEVAID O FDEHDOIL—Z2T - FT—4201E

154

UAV B[Ozt L, ~ 7 Y OHLEED ) A
MEEE U720 S OfESIE, PC LT UAV Wif%k % JLH (%
WELY 7 b 27 (RIFSE T NIH Image/Image) 1.5 % fii
) IZFRL, AFICX )=y —P—Pofifiiz~
TATI ) v oL, TOEERLHERT LI ETHERT S
ENTE S,

LBWABRHEO ML —=V T - F= S EHICB W, @
WIIANFIZE YN V74 V7 - Ry 7 X (bounding box
WRYEE S 19 EPH ) DIZHERKE S ONAWHIK)
RS A5, AT, HOEEORDY A - EEK
L, ZhaBEomBEZ T L VAEAHIciks €5 2
LX), N UFa v T Ry P AREREIEL L E
L, KIECH 2B L7z BRI, Fiprs ETE
FlZENFh 16 WEIER L, 32 WHENGOHEE <7~
DL —=VT - FT—=%¢ L7

3.6 FEICKDHBESFEDERICOWVT

Bk FETER L2 L —= 7 - F—¥ 2T,
HAT — FOHEFHRIC L 258 2470, RIS 2R L 72,
Wi {458 & LC, Local Binary Patterns (LBP)'? % R/
L, WAT—FDORAT—I8%20 &L, [FFEWRERIBE
W] BLO [RADAEBER] 0220087 A=F1Zon
T, FHOMAEDLETERTLILIZLD, IDEW
MHAEE AR /8T A =S R BB D L) ITHERT L L L
L7

3.7 REEH K UREE T

Hik DML B DR EOKEECH 72 o T, FEITHHL
72 UAV Wif§ & 13500 B2 S 7z UAV BRI LT
WA LR 247 9 2 L 12 & ) RS & 51l L 72

<AV OBIBERII AT S WEFE TORAVIZHET S
ZEEl, FTIEMOMILKER (True Positive : TP) & 717
¥ L7z WICHIVERBEOAEIZ, EfT— 5 0w D
Ty (False Positive: FP) L LCTH ™ ¥ b L, EBZIIKH
WEN L oS~ H A EZEEEZBREFNR (False
Negative : FN) &L, #7 ¥ bL7. BB, 1 2OEMRT—
FIZH L, —IAE R ) B o T2 OOMHKEEDD 5 B4,
—OEME L, b —olFiRklE L,

T2, YA VOMERPIZIFT-ETHLILEEEL
WM OB/ A4 X1E 32 WK, R A XL 64 WK & BRE
THILICIVBEDON EEX -T2,

BEFMO 70, DTFToRIck v EHsShs Fil (F-
measure) % 72, FAEIE T ROFMIBRIED —>TH
D, WELHBEERORFETHL, 0~1 OEERY, 1
IZHEWE XD ERETHS LTSNS,

— 365 —



UAV li{§E & 72K oK SO S 7 7 > -

2 X precision X recall

precision— recall

Z 2T, K (precision) B X OFHIHE (recall) (ZLLTF D
IIHICEHEE NS,

TP
TP+FP

precision=

P

recall= TPLFN

BB, AMETIEITHN Y E I T Y FONGE L TWAED,
L7294 X0 H B EHRIE L TWAEEIE, <
Wy LR SN D WHENY D 5 I BT HLEND
bo 12PL, BEBIZBWTIE, AV ERELTHEHE
EAREADS D 2 W 72D IR &1 7% & v BB 72
LG LE N BMBOYE, ZoOMHPVWDL L) 7% FEET
T LM DX GA/ & 35 2 LI & D3t d % 23T
H5bo

4, FBEREBER

4.1 UAVIZEZ®mFEICOVT

BB OB LD, HEEFEICT 2017 SERKIC 8 [0, 2018
ERIZD S FOWIE % R F 72134 AT - 720 2017 4
IRERED B A TR L O RLICD WCH O RAT
BRETH - 72720, T OWIBINE {13k <, 2018 4FF
OMPNIFKOEEDH Y, RifF, UAV ERIIRE S
72

LUF o BT T, 2017 £ 10/19 (2, 2018 4E 1 4/24,
426, 427 @ 3 HIH, &FF4 HHZGOWT N 4 JH Hiktk
WZHo Sz UAV IR 2 L7z. €0 UAV li{Eo—
% Fig. 2 127”6 Table 2 IZIZZFNZEN O H & i
L7z UAV WH{EORE, e shi-x Ty oBBA 7~ b
B, W, HERRR %2R M L7z UAV lif§iEw
TNSHER21-3350MICHgsN/zbDThHhb, &

B, WEIIBW TR IREO BEESICESL, o
PGB T + —H AL L OISO EHICHE L
720

2018/4/27 \ZH#iis L7z UAV B RTEHAE L2 0%
Fig. 3138 T o 2B, ZORIIBEROTEHHE L AT
BTV L2HERTL720MEHL, DEoaE Y b
LELCIE, BEARTO UAV BRI L, 17> Twb,

4.2 ML—ZF - F—2%RAV-REBROER
AR (3.4~3.6) OFFICE Y EH LTV, 2 00
EUER L 72e —213 2017/10/19, & 9 —2 1 2018/4/24 @
UAV B Zfiv, ZhZh% bL—=V 7 5F—=5 2 LT,
HAT— FHEFHEICLY, fEL72bDTH L, 2 OfF
WL7ZzZD1E, ML —==V7 « F=F OENDZDOHROMMN

Fig. 2 Sample image acquired by the UAV (Inspire2) over
Lake Miyajima-numa on Oct. 19, 2017 (upper-left),
Apr. 24, 2018 (upper-right), Apr. 26, 2018 (lower-
left), and Apr. 27, 2018 (lower-right).

Table 2 Training and validation image used in the machine learning

Date # of #of Flight time Sunset

images birds
Training 1 2017/10/19 12 6,715 17:09-17:14 16:43
Training 2 2018/4/24 16 31,210 18:46-18:51 18:25
Validation 2018/4/26 17 48,780 18:55-19:00 18:27
Validation 2018/4/27 13 24,183 18:54-19:00 18:28
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Image Courtesy of DigitalGlobe (backgound of UAV image)

3

Fig.3 An UAV mosaic image acquired on Apr. 27 over Lake Miyajima-numa. The UAV imagery fills a white-bordered frame.
The background image was acquired by the WorldView?2 satellite (provided by DigitalGlobe).
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blue: true-positive, yellow: false-positive, red: false-negative

Fig. 4 Examples of white-fronted geese extracted using machine learning. The left-side imagery were acquired on Apr. 26, and
the right-side imagery were acquired on Apr. 27. Each of the lower images is an enlargement of the white square in the
corresponding upper image. The area of the enlarged image is the same as that in Fig. 2.

Table 3 Machine learning validation results 1. 7P, FP, and FN correspond to true positive, false positive, and false negative,
respectively. “Diff” is the difference between “manual count” and “machine learning count” on a UAV image.

Date Type Manual count 7P FP FN F Machine learning count Diff.
2017/10/19 Training 1 6,715 4,891 890 1,824 0.783 5,781 -14%
2018/4/26 Validation 48,780 45,858 2,349 2,922 0.946 48207 -12%
2018/4/27 Validation 24,183 22,148 3,506 2,035 0.889 25,654 6.1%

Table 4 Machine learning validation results 2.

Date Type Manual count P FP FN F Machine learning count Diff.
2018/4/24 Training 2 31,210 29,803 5,161 1,407 0.901 34,964 12%
2018/4/26 Validation 48,780 45,875 881 2,905 0.940 46,756  -4.1%
2018/4/27 Validation 24,183 22,022 1,119 2,161 0.931 23,141  -43%
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