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AR - B~ BEES - 2020 © M AFRITECE MO G IE R KEEIR SRR - &
S ELEEEIE 69(1):25-45 -
# A K (unmanned aerial vehicle; UAV) A4 a6 424 K S0 B B & fiAT 2 % kb bt - a4
T & (red-green-blue; RGB) ~ i 4 4h % (near-infrared; NIR) #2 3D 25T 5 F B A - AoT R BB LE S FHk
ML A H AL (digital surface model; DSM) » 3F4& 7~ 18] #5452 o 28 #5417 #5h ARAG K K AR FIRE 0 SRR -
Mg A ik S AEEM SPGB ET L REEER T s FRMH T - %U?fm
J&R UAV #ida %4k - & 8518 UAV £ £ 3128 22 k5% Pix4D Mapper * & & DSM LEH #4% » E 3 F1RIE
WREF > AR ZH A48 H (normalized difference vegetation index; NDVI) 4-%2 & DSM 4-#8 » 4+3} 2017
# 6 A iR X ERHE P FERRE KRG ERZ RBERET - AT RAGEMR KRB LAl 2 8
B o BEREAT > UAV uda P32 7T Lk RGB 4315 » Aid Al ofs KA e [ s dn #Hey RAR 5 - 43
k% Bz KBy KAEE - RFRIEREIE AR BT > AN ET KB A8 KRR E L P R
RIBFEGEFER L5 92% (AFE R ERR K FRBME P ERE 20% L3 FEREFEK) - A4 B
%%“ﬁéﬁruwﬁ“ LFI RO EAEME o Bk AFTRIER  RAORERFeoly K KB EE - &
W TR A %""fﬁ%iﬁﬁmé’]ﬂik%xﬁt TR A R SLA ) - AR R Pk R & 0 H 09 AR
FRAERR

RATEE « BEKE - 2B - BEtRER b B AR FE A ~ SRR -
ﬁfjg T2 (Chen & Tseng 1999; Lei ef al. 2006; Chen &

Shih 2007; Lei et al. 2013; Wan et al. 2016) ; &
AR BN G R G TKEEER
HEh (Shen ef al. 2002; Wu et al. 2002; Chang et

KERGEREENEREY > 25/KHE
& (274,705 ha) S#HETEA 34.6% (Agri-
cultural and Food Agency 2017b) - #5 8 3% JH|
ST KRR R > T A S 43 al. 2005; Chang et al. 2006; Yang & Chen 2007,
I TR A - BEEE R ACEs - A Chang & Shen 2011) : 5= mBE TGS
EEEJE/ZEQEHHL@%E’J%‘@ o ENG o FEsy  OGEE EEOLE R A T KR R R AMEARAY A5
B b AR R AR B ok aas sy BIA0 KR BUE B (Yang et al 2008) K

7% (Wang ef al. 2007; Chang & Shen 2011) - T 75 82 (Chien er al. 2008) ~ %Sﬂkﬁn
AT AR 0 (B PN A R g AE K AR Y 3R ﬁ%h%ﬁi%% @@%awzmn
TS R DU T I ¢ %*@LLW%WF% E@’ﬁikxﬁﬂk&ﬁm&m%i&
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Fia s Gt T /KRG IR AR B B AR [ R
(Yang et al. 2017; Chou et al. 2018b) °

it \ 1T &L B (unmanned aerial vehicle;
UAV) 315 RA il 5 48 22 2 - R BAFE
B3 AR - RFTL 2RI - I M
Ry E 8k > (15 UAV (Y F 4 B e ki
Fe oo FHEZA R - BT R B P i &2
& > UAV fifdfr GG 2 AR -
fpir s A2 B EE R - Hik > X
KT AN RIS R E RV E T
MFA(ETS (Restas 2015; Chou et al. 2018b; de
Oliveira Silva et al. 2019) - UAV F& J§ f#f 0] 47>
EBTEEA (fixed wing) BEZER (rotary wing)
W AHH o E AU i A S EL A R 22 I e B R AT 1=
eI RN R E - EEEN G INRE
HE IR AR EBIRTTBIZZ RN -
MM A AHEAEEER SHER - B5E
TEE MR THEE - HEEER S » A
T RAVZEHI{EZE (Remondino et al. 2011;
Chou et al. 2018a) - it A & H % # £ F 5
RN RERSENENEN - —
filt UAV 58 R] HOEARE » e st ay e B N
4% (R) ~ &k (G) ~ EEK (B) M7 EL « AL
FEECFA 2 2 UAV H1E » IIRIBRE KB HE 2%
- Ot ARG HEE AR ALREE
(synthetic aperture radar; SAR) B¢ (light
detection and ranging; LiDAR) FH ~N[EME'E -
KIEZEL 2 B 25 (Ezequiel et al. 2014; Yang
et al. 2018; Maes & Steppe 2019)

UAV it 3 2 15 #E & HU = b i fg i 12
(ground sampling distance; GSD) Ay {% » &
B GHAERT » REfR At KRl KAV ERM ~ {4
IR E R EY) SRR » DU K 1%
1B IFEAG R N JT8LY) JTEI# A (Restas 2015;
Hsieh et al. 2018) » Puig et al. (2015) £ ¥4
R REY) (sorghum crop) ZF|H W H &4+
Bl (Coleoptera: Scarabaeidae) HY & & /& = »
78 UAV i 15 = e (1.5-2.0 cm) #Y
ATREEG - AR 2E IR B G A
B BRET2 B0 (image classification) £fi
HINMEYI 2 ERRERIPREE ST FEHLIESIEY
I e = B MU B AR W5  Naisi er al. (2015) $F
¥ adan (Ips typographus L.) HRELS (Picea

rere

]
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abies L. Karst.) &0 fEF » 7 & ETE
(GSD~2.4 cm) iy UAV fiifase g [T 2% (red-
green-blue; RGB)] » #ETTHEMKEN B HE 25
m /o EZ AR - FIREB S5 (500-900
nm ~ GSD~9.0 cm) FE{HEMAVEREFL > B
HET BB Y AR PR B ES M © Chou et al. (2018a)
JEF VAV fiifae G iR 2 s e
(GSD 5.0 cm) » &G IFEE 78 (Bt
BRI ) ~ 2B E B E R A
B ¥ G S Rl R AR R 2 AR ENETY - LhE
R EI R 73 BUA B A T R SR EIEE R 7 HRE
RE 7 Sl R Ak K 1% i B B KA 22 R e B
& Dl K 1e K B & E R K TIE
AR Bl - 5550 » Vega et al. (2015) FIH]
UAV J& 5% I ] = A T Y 25 3 248 [R
G~ B ~ 3749t (near-infrared; NIR)] » &
FEAE = HE A P52 (normalized difference vege-
tation index; NDVI) » # 17 [a HZX{EY) (Heli-
anthus annuus, L.) Z A& REH » ©&H A&
BWEE - EVEREAE  HILEHHER
IR ERIEY &, - 1T 8 S A HE 5 1
DIt s HEEMAR - 55— »
Al-Rawabdeh et al. (2016) J& & A & UAV
SRS 55 AV LI TTH )T (landslide) #[&]
fili }] 78 S EEATE (GSD 2.0 cm) /Y UAV #]
e B ARG R RVRE0E B
3D Ei5E (3-dimensional point clouds) » HEfEfE
NI SR S 3t 31 D7 AR 2 (L ERsth B I By
K EUE PR -

R It - AW 5T ] H UAV fi #8652 & P
FHIEGEN - B¢ RGB ~ FT4L4ME
NIR B 3D B35 » DL R i A i /KRS LR 2 H)
FERAlT o 25 48 5 % 7 J A e B B {1 3 R A A
(digital surface model; DSM) 7 =215t > 5F
fili R [E R T Y SE PR AR RE TS > SRR R AR
T 5 S e AR Y KRS AR SE IR HTRE Ty
%o S5—J7H 0 FE R AR ST AT Y AR H
BEd il - $13f 2017 4 6 H ] #4548 K 5= PR i
G H T R I & KRR A A K RS (B AR SR - o
17 UAV fiifase g E 8~ KR ER S 5 B &
M St E G EE - DIRREREERATE 22
MEEIEE - I BLEM & 2 KB E &R
o T KIEEEE - SiEE IR R
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= Z AR EEE RS - 548 > JER UAV fiiiH

ity % e e S K B B A L O 2 ZE T B

B DU g d sl OB Z (R SRR R - 12
SERCRAL I N SIEY)TT -

MR 7%

PR EI

aETEtE (Baadht - B E
%) B KRR E & E TR (78,789 ha) &5 4[]
JKFETEAE Y 28.7% (Agricultural and Food
Agency 2017b) » FEEEL] 40 BN » FEE
HEANEREHSHE - afhisEeuRad
Rl o BREE A KR IIAR M LR
(L st, - PGP0 F 3 R PR - B4
BEREFHMIPR =AM - AR5
HAEBAEX > AitdE RH - EEIFREY)
Fo7KRe ([ 1) - Fit @24 3,000 ha »
J5% R/KH - HEfE4Y 1,300 ha » ZREFE/KR - 3T
PRER LS E B EH > AT 1,700 ha
LIEMZ - FEIR - B - BALE R - HAl
FEERAE 2GR ANEREER w8
W SR NE ] AR KLU R HY TSR (Wufeng Dis-
trict Office 2016) °

=D AANCEVNS = Sy AN it
IR AL % - ERZEERAERY
B ZREEN AFZZREREZE  AE
i~ TR FEZR 0 RN ARPERE SLEF
REE T PR - FR Fe SRRV R F B &2 -
MFER  ZEERAEEBNE gl R
REFHERE - GEFEE 5 2 2R
HE Pl = R P P SRR AT 7 AV H SRR 2 0
ol & 1t KA S H M PRI AE A R B OHE A 2 1) i
HypE - o KA R EEZAFX
R ERE > KAVERGHESE - HRIHEHK
W o RAKES » ZLUEHRZE (5-6 H) ~ 7HF
FROMER (6-10 H) KeE (5-11 H) Fri sk
7 [ 5 PR L5 L 2 B A oK > S A IR e A R
Fr Al SEERE R IR SR I AR - o BERARVAE R EIR
SRRz T BRI - SRR BE TEHA Bl ki %% & 1]
A 7KFETE R EIR ~ T8 B3 2R sl B b i ik
[ fl 22 3 % 248 1% TP (Taichung District Agri-
cultural Research and Extension Station 2016) °

RBITBPT R EZ B G RAEE 2013-2017
FHLS FRBIEY K FHREG T ER (Agri-
culture and Food Agency 2018) » & & th & it
&K TG SE4E T T4 9,800 ha yr' (% K15
F5 2015 42 8 F o &k il e R\ AT 22 > 49 21,800
ha » H gk 5y AR 54T < 1,000 ha yr') -
G KA E IR 12% - BT & TR ER
ZEIRE L EGRIIER - B K FE
R BHI % HEEZAEGN 1991 F ¥
1 EERAKEREIE G ERM
2018/01/02) » 2 ft<Z (K RAG DU 553 S
FARFIER - AR LE - NI > #5908E
INPTHRIE R BRHR L HR S5 Y SRR B - VAR
£ 14 d NSRRI AR A - B — SR ER
K 20% Pl E > BIHEEEE B K& - FFE R H
i o BEPEHE LT S FAOKREZ LY 16,300
Mg yr' o 54 i 5148 %5 & & B 370,600 T T
(Agriculture and Food Agency 2018) °

AWtsest B ah i HiEErKEE > M8
AEPHAEERSHENAESE (B 1) &
%2017 6 F 1-3 HHEG@BRENR 2288
% (B =E 450.5 mm) > 2017 4 6 H 8-9
HAETT SR f A TRIEATIE(F 38 - EHUS eRk &
&R > FHRAETE S 396 ha - LB KRS
TEAE HE4Y 230 ha » P2 KRR 20%
(Agriculture and Food Agency 2017a) © fF &
BZEREMRAKSREE - BB KE
Beph R g B IR AL -

BRZTMAE

AW S F FH UAV 1T /KIEHE 2
®EVG Z fiifsey - BRURZRITHEGE
B S KRR - HEIEE UAV B
#15 pe PG Pix4D Mapper > H#ETHTIHF B
ZARAIIE ~ IR RN R IE 0 58
GERER PR - WS DSM BLIER B (ortho-
photograph) o $£3& i Itk 5l R e 17 /KRS El IR 2
SEHRHIRE - EEUEBE G W] ROERE
NDVI 4 #5452 ) DSM %5 3 7 » Ui DI ZE A
TEAAEZ KR EIR BB e > HETTIE 3 TH T
ZIKTEEI R IR R L LS - 1% IRIBEIE
SEIRE PR E R - TG B FIRR T 2 &
PR ELRF A5 o3 AT - BHSERAR AN 2 Fow » DA
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1. BRI (396 ha) » REFFTIEE (/2 N FHIHEITE © 58 ha) ©
Fig. 1. Study area (396 ha). The sub site (58 ha) on the left-down corner of the study area.

T gk UAV fifa#iss - £ GaEHE - 3EE 8 UAV fMIRES(SEIERIE

FIRER iR ~ SRl 2 KRS EIR FI R e RS (E R UAV B Phantom 3 Advanced,
Z LR AT /48 - SR BRI ZEREAEFT DI jedasm A fei (E & = 1.2 kg © @i = 350
5 2 S SRR - $T# 2017 526 ¥ mm : B ATRITER = 23 min : S K TRATEE
ERERE P T HFEENKEERERE > #1716 ms™) » BENERAEK (1/2.3 3~ CMOS ;
B {5 e F B AL - B2 1,240 # : FOV 94° 20 mm ; F/2.8 §&
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UAV
Photography
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In situ Disaster
Investigation

Cadastral Maps

==
Image | Disaster Interpretation |
Pre-processing ! Lodaina M i 1 Accuracy
: odging Manual |+ Assessment
’:—' Digitization I
|
I | Image Supervised | |
" Orthophotographs |L C?assifization ]
1 1
i NDVI i__ Disaster
. I Digital Surface i | Interpretation Maps
> 3D Point Clousd t Model (DSM) !
|

2. WFERAE o
Fig. 2.

UH) » 75 08 Z AR B A S 4 B ZE (100 m)
BEMRT  EESEEEBNZG (F—HLRH
TR BEER 10%  HEfG LA gEER
60%) » DUERS S RS B S AR AT 1 2 W] B0 (R
585-615 nm ~ G: 525-555 nm ~ B: 445-475
nm) » BLR EAAH[E ISR UAV 35858 M > IT4L41
JEMRBEAT R B (NIR: 795-825 nm) © 52 {4 5%
P2~ GSD &5 5 cm ZEH‘%ﬁ/J\E’JTﬁJE °
fiifage (574 4 Pix4D Mapper & 1%!’55@@(%1%
7 HoeER g It ic Bl 8 b ERRER
SR bR Bl S g Y 22 R G K%%Lﬂ‘ifdz
T F2E IO &~ 2% o = Ol 2 B T A Y AR
Fr o BIATHUS R s G Bl & ER - feft 1%
&S Fr s 2 Ay 25 I E N (Ruiz et al. 2013;
Hsu & Chang 2015) - [N » Pix4D Mapper it
JR A6 5 G B GPS 40 8% ~ H 1% S BEk E B %2
& RLE B - FI AR B EY B B UCECRE 11 41T
BUELUCEC - RSN S SN2 REHEZE
=AM RS E o FEA 3D BEER - W
— WA R LUEE S 3D BiEHL DSM - A
DSM 1T IE G52 B 41 1E » DU 3 IE 5 52
% (Tsai et al. 2013; Comba et al. 2018) »
AHJE5E 78 Pix4D Mapper » [ T REHETTA
G ni R - B G ERGHE - DSM &

Research process. UAV: unmanned aerial vehicle; NDVI: normalized difference vegetation index.

ESTRARE S - FIRREETHE Z RERE -
B2 BRI ~ MR A TE SR AL IE (Kiing
et al. 2011) = Pix4D Mapper B @5 5 H] ~ &
B PGS TR A G 2 IS SR R 4R
FIBN0 A PR - T S ol B B A IR
BB A R B RAT 2 A BT
1F 5 %8R E 28 (calibration parameters)
TTHERE - EIERAARERTEE F 23R
PR B e BRI T R -

NG I NINE = ol = =531

ABTFEMRIEZ 6 (R~ G~ B » NIR) IE4f
PR 8 DSM > B Gy R - RIBHIR
ERE R G ~ HAERR A SRR - ERHE
BB EHEE T A UAV g BT /KM
HEERTEE 2 HR: - W — 5 5P F Rl
By SR RERERE - DRt B TR - il 5 B
AEMEVERT KR RN SR FE TR - £ FAGRE AT
SAFTER FH Y = S G 0 Rl

HIREE DS (superwsed classification)

HEN G 0 E % R EEE = (super-
vised) BAJEESEL S (unsuperv1sed) WifE - B
R o I B B R TR A
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TEEAEEHEYER - FRE B
HUFI GREE & (training area) » Vi DA FEIE 2
SEREHE BB ER Y ERE - MIFEE
BRI RS E R A GG T E - A
BT (cluster analysis) J7= » {KIFFEL4E
TE B 73 JEU A 18 80 B 2 D' sl B Y & s T E » F
FEE IR TT Z0R 52 6 70 A e (B By B2 B
(clusters) (Lillesand & Kiefer 2000; Arbiol et
al. 2007) - FREE 0 FHAVIRE N B AT R AVEI
RIS [ETHR - 1A B 45 E P 7 0 S AT SRR L
Rlse B4 M A&t A TG H - (H0H
ERFEE- S EREHENESE > 2HIH®T
EHURR G T Z R R - BRI R 22
MamnREEE - HOoBERE 52 F
HIE RN - 2B AN - BT
FHEFE AN S#ETIISREAYEEE - LA
HIKE B AR E - 5540 KR RAE R
PR & - HEREPEZER 2R EE
HYESEME - R - $80F N B 7E 2 KA ER B
FEEIR Z JI SRR &I - BB 5 = AP
s PR E SRR E - [ 52 2R
B AR 1 T 4 TR A LAY IR EE - PRIRE - ARHSE
iR DUEE B R B o BRI Ry /KB KR 2 sl &2
GHIRE F 2SR 7 1] -

BT BEA REFIRE > EEo
KR EBE — M T 70 Fy i A6 BE S 390% (min-
imum-distance-to-mean classifier) ~ {7 75 [
#8% (parallelepiped classifier) B = Hf i K
{172 (Gaussian maximum likelihood classifier) °
Hep o SR ARHOUA 2 i E /Y 5 GRS
i EE Y B R B AR A e X 2 iR an=C (1)
FrR

4 1
P(X|i) = (2m) 2|} 2
1 (1)
exp['E(X* ui)TZi-l(X* u,)]

d B u B R T ERR T B
5 IR RBUER  P(X]i) BEXEE
AT AE M -

B X, > XU 8 POY|D) > P(X])) R
T X GYRR S R X X B B P(L)

rere

]
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> P(X i) » RAMGTT X HIR s j 38 - WL A
B FEER F I 70 A A 51 & 28 A1 )l 4 B 1 't 5
[ ET Ay 8 7 BLAH B 5 8 BB R T —
15 7T B B S R BV A 2 R W G TR
Ry b = 3% AR RV - IRIB L2 By B Al
REHEGHR S ERY4S & (Lillesand & Kiefer
2000) - AR EHFTHEREZGEE S BT
RE KR (rice) ~ KRG R (lodging) ~ K
FAUCHE (harvest) ~ FE/KHE Z HE # (vegetation)
ELE At W) {4 (others » B & Y] ~ /KEG ~ HEEE
%) o 1% 1% ESRI ArcGIS P&l A 40 8BS (En-
vironmental System Research Institute 2019)
Image Classification T. B ' 7 Training Sam-
ple Manager - #E 7 5 43/ 40 B 1 Y SEHY - B
& EEHUR AR B AR B - Bk
&E/DEE 30 EEg T HREEFREI ML
B ZE @I - REENGE R » AEE S H
J57£ 727 maximum likelihood classification » ffj
NEEFHR 2 28k > S@EERRTER > BT
=5 5 B GAE - Ho o gRiE bR
E—ob iR GIS MFEEIMERE - % 5% 2
FEstn SR E I - HIRK R BUKREEIR Z &I - I
Gt HOKREER 2 migtbRE -

IREEZIBEIEIE (NDVI)

NDVI & HME R R EE Y EE o Fbk
EEYENEEFERAZEE  RaaEm e
R » U 405 R » HR G Z 4190
NIR # 58 > 4L5% R BLAT A% NIR 27 Z K -
EEEMEEFEE 22T > gH2G&ET
BlEERGRE - AR EBER (normal-
ization difference; ND) #H %& R “f [G] i & B 2=
s 2 2 NIR B2 R 2 1 > [EIAT] FE(RER 2 -
NDVIE /1t -1-1 Z [ > 58 KRB Y
4 BT B (Burgan & Hartford 1993) - NDVI
B Ky NIR B R SYER7 B 2 72 B & 2 AV ELE -
NDVI = (NIR - R)/(NIR + R) -

K925 i ESRI ArcGIS #ifi& >~ Spatial
Analyst Tools T.E.%Hf11) Map Algebra — Ras-
ter Calculator T H - #§ A At & Y 2 ¥ (NIR
R ECE g~ RO ELE ) BT E A
NDVI = Float {[1.0 x (NIR — R)]/[1.0 x (NIR
+R)]} - BIREfF B ST &I 2 NDVI a2
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RIEfE - #7% > T NDVI BUERY Y > BB
NDVI S{EHY (b /KR EI R - IR
NDVI el 2% & 77 5 748 : NDVI < 0.05 -
0.05 < NDVI <0.15+0.15 < NDVI <0.23 »
0.23 < NDVI < 0.4 ~ NDVI > 0.4 - At 3% At
{4 2 NDVI 73 BP9 (5 (threshold) F fH ¥t
HVEUE - HRIEA [F] BB S ISR BT 5 1 P 1
SHYEERE - A HE A FER PG E - R
£ > NDVI SE BN E > Ry IR A2 B KRS
EIR A RS - NDVI 8{E s o Byt A 8l
IKAEHIREARBLE » (AL > 2B 48 NDVI ek {EAY
T REETT KR EDKRE IR E S FIRE - [F
£ R IR E — P BB GIS st #E E AE [
 HETEEE 2 M RE BT o 1T KRR
R R 2 Siat -

HEMRIZE (DSM)

KR FEZE 1 UAV fifa Gy s =8
Ly i T AT T 2 8216 » E A Pix4D Mapper
Z =S EECECRE ) BB A G 2 R R
MU BEVCED (TN ~ AN 2R E (Jhan
et al. 2011) » 7 K 5 B £ % F 7% (self-cali-
bration bundle adjustment) i {7 2% §1 = Fg BE
VA% o #E{TH 5 3D BEE (RayCloud) =7
(Strecha et al. 2003; Tola et al. 2012) - Pix4D
Mapper 7 % 3D BiE 1R - i H DSM > 1A
DSM #17IE S 4] 1E » 7 B IEH #2{5 (Remon-
dino 2013; Honkavaara et al. 2013) - [t » JE
F Pix4D Mapper i ¥ UAV I 2 1% - #E
R HEHEMLEMSHEE 2 DSM « > 1]
BEEFTIESL Y DSM #&5( (B4 © GeoTIFF »
XYZ -~ LAS ~ LAZ %) BAfgiTE - 559h » B
A 4% 3K GeoTIFF 2 DSM » HIJA] 7% 4 pH e
K ELIFEE (inverse distance weighting; IDW)
o E = HlE % (triangulation) 72 [y 8 2= A N
#H %4 (spatial interpolation) 7 iz ¥ - $# 3 >
35 $ FT 4K (8 FH /9 DSM filters 75 7% > 401 noise
filter B surface smoothing » I FJ & B AH 40 =
HMEENPIE  KAEEEARERESZ
DSM Hy-FB B = 7 fE AR = -

AW R gt HKIRHE N 2 S e 2= BT
KIEEIR 2 SRR TR - FifE—HEE GIS
AR EAEE g - ST EBEE 2 st EE SR e, 0

T HIHERN DSM 2 A5 S BUE 7588 > DA
JHEREE & DSM HYRE AE 1S BLE e [ R R - At
Z¢i% 4 ESRI ArcGIS ¥ ~ Symbology Clas-
sification T. EL.HY 4y 4 45 =T 1H &= [B (Choropleth
Map) IhEE » {18 natural breaks (Jenks) A4y
R A B 2 s EE & PR N HY DSM i 97 &
5KE FEE(EE RN HEEEEZS
o DUEBTT/KAREIRRY AR AR - Ao natu-
ral breaks (Jenks) 953 H5 5 Al By i 8 B £ 7 15
(cluster classification) A T = » DA/ MEE S
RPN EN AR - FR s A&
R EEE - NI > AR HE DSM
ZSOBERR ER- - BIR-E - REIR
BHIL-% ~ HIL-15 0 #EILE 5 /KAE s KRG E R
W E R S e 2 R WM AR KR H E
EIREE Z LE&RE -
INFEEIRHIFER i ZEEE FME

s R A EE R T B
NEIEREE (B 1 A TR aliPER)
%) 58 ha HYBFFEE - HET/KREEIR KB AT
H L (digitization) ~ 255 E 778 - NDVI 73
FHEL DSM 738 2 L - AR BEIE N o FE i i
HY 30 R DA E EAEHR BT 2 K HE Gl
W) RfE&E - T A E Z KRS ER AR TR
FEIRFEBE R Z TR - A% - EES
stikge R version 3.3.2 » # 1T Pearson fH {14
# (Pearson correlation coefficient) 7 5t & Bl
Student’s T % %E (Student’s ¢-test) » FLHEZ %7K
FE IR I RE R Al B A T Rl SR R Y e 51 4H
P o A T B 4 L B R e EL R L TS T
(PSS IERIEi= AT 53T
INFEEIRHI B i B 51 FE AR B R

4% bt KRS R AR ifT 2 AR e FE 5 A
P B 4 15 Y B R el - T2 & I8 (396
ha » [ 1) 2 ZE% KSIEZ G HE 2 FHE
H o HLEE - SR EIRA AL 634 IR » LR
PETEEEHL 67 F (~10%) T & KB F &R Bh ik
 (E—IBR AR 20% DL b)) AV EEIT BE
T Fo el s G HIRE R o 2 SCHRHE 15 FE Ay 4Rt
TIITEEA o AW 2 AR R EE B KR
BIZECR - HE BT i & A TR SE SR T
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B GETER RN o K BSETEREE
s B Z kIR~ SCHEER -~ TR
DUR &R E 2 AR B KRR - KWHEiE
B S (] 2 M B R R E B R 5] (merge key)
{5 F ESRI ArcGIS g # 1T KIHF T BRI E
B GIS ke g - &4 i as IR B E (KR
#RZ GIS [E]fg - TR I R A SE IR Bl KR
FIRERETERE - BRI G KRR A
SEIRRBh R EE ~ SCIRAE R A Z BRI - DA
HEFEIEM BRI R WA 2 SRR (2
fe i B A

TERELRY
BESEER DSM HEHIFR

k¥ UAV fiifaFri€fs 573 GPS Bifir (4 -
GEESE) - SEHEHHEAK (pitch ~ roll »
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Fig. 3. Mosaic image of unmanned aerial vehicle (UAV) photographs and 3-dimensional point clouds. (A) Aerial
route with locations of flights and relative positions of UAV photographs. (B) Tie points with ground surface texture
color. (C) Densified 3-dimensional point clouds and ground surface texture. (D) Digital surface model (DSM).
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Fig. 4. Digital surface model (DSM).
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Fig. 5. Unmanned aerial vehicle (UAV) orthophotograph overlapped with rice lodging area of manual digitalization.
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Fig. 6. Rice lodging discrimination from image supervised classification.
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Fig. 7. Rice lodging discrimination from image normalized difference vegetation index (NDVI) classification.
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Fig. 8. Comparisons of rice lodging discriminations from different technologies [Digitalization-pink region: lodg-
ing area; Image Supervised Classification: shown as Fig. 6; Normalized Difference Vegetation Index (NDVI): show
as Fig. 7; Relative Digital Surface Model (DSM)-dark brown: lodging-short, light brown: lodging-tall, light yellow:
lodging-moderate, light green: rice-short, and dark green: rice-tall].
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Fig. 9. Comparison of lodging rates between manual lodging digitalization and lodging discrimination technologies
from image supervised classification, relative digital surface model (DSM), and normalized difference vegetation
index (NDVI). MLClass %: lodging rate of image supervised classification; rDSM_%: lodging rate of relative DSM;
NDVI %: lodging rate of NDVI classification; Linear (MLClass_%): linear regression of rice lodging rates between
manual digitalization and image supervised classification; Linear (rDSM_%): linear regression of rice lodging rates
between manual digitalization and relative DSM; and Linear (NDVI_%): linear regression of rice lodging rates be-
tween manual digitalization and NDVI classification).
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Fig. 10. Rice lodging discrimination from image supervised classification in the study area, Wufeng District, Taic-

hung City. (A) Aerial photography overlap with Cadastral GIS map. (B) Image supervised classification overlap with
Cadastral GIS map (the legend is showed as Fig. 6). The a, b, c, and d are the locations of a, b, ¢, and d in Fig. 11.
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Fig. 12. Pair comparisons of rice lodging between unmanned aerial vehicle (UAV) photographs and supervised clas-

sification images (the legend is shown as Fig. 6).
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Rice Lodging Detection Using the Photography from
Unmanned Aerial Vehicle (UAV)
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Abstract

Chou, C. Y., S. Y. Wu, and C. L. Chen. 2020. Rice lodging detection using the photography
from unmanned aerial vehicle (UAV). J. Taiwan Agric. Res. 69(1):25-45.

The photography from unmanned aerial vehicles (UAV) provides multispectral images (i.e.,
red, green, blue, and near-infrared bands) and 3-dimensional points cloud with high-spatial-resolution
and covering wide-region. In order to provide the maps for geographic information system (GIS)
in assisting the agricultural post-disaster investigation, the goal of this study is to discover the most
effective agriculture damage interpretation by using image discrimination technology with the charac-
teristics of vehicle speed, convenience, and accuracy. In this study, image interpretation technologies,
including image classification and digital surface model (DSM) classification, will be evaluated on
the accuracy of rice lodging detection. Firstly, Pix4D Mapper, the professional photogrammetry and
drone mapping software, is used to produce DSM and orthophotographs from the photography of
UAV. Secondly, the image supervised classification, normalized difference vegetation index (NDVI)
classification, and DSM classification are applied for detection of rice lodging in Wufeng District,
Taichung City. The study area was damaged by the extremely torrential rain in a few days during the
beginning of June, 2017. As a result, the damage region and the situation of rice lodging can be de-
lineated by UAV orthophotographs. This study, especially on wide-region post-disaster investigation,
recommends adoption of the image supervised classification on rice lodging detection, because the
rate of accuracy between the disaster rate of estimation by image interpretation and the disaster rate
of ground-based surveillance system reached 92.54% (under the baseline of 20% of disaster rate in
accordance with the Implementation Rules of Agricultural Natural Disaster Relief). In addition, the
accuracy of disaster interpretation can be improved by cooperating with the ground-based surveillance
system. In conclusion, the agricultural post-disaster detection and rescue operations will be improved
by the cooperation between new technologies and traditional labor-force. The capabilities and poten-
tials from both sides need to be brought in to compensate one’s shortcomings by using the individual
strengths. With that, the efficiency and high-quality of damage detection can be achieved at least cost.

Key words: Agricultural damage, Image supervised classification, Digital surface model (DSM),
Normalized difference vegetation index (NDVI), Disaster aid.
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