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RS A S 2% AT SUM BREASEHA L 71% 0 RF 5 72%
(Ghoshetal., 2014) - @ ¢ * ANN ik ¥ % T BHAHEA 50 &
£ 5 T7%(Raczko and Zagajewski, 2017) - B p # 3 » 5 Hp 3% iE Sif
B kF o BENHRPESYERIZ B AFTERET 0 o F
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"BESVRER SRR EANF LAY (1B8) ) FEE S

RARA BT RE S KB X BIARK TP R s
éi@w%#1%~ FE OB EARE R AR S SR
G0 2 FFMGHEBLEIETIHE oD A B A A E L B E A
WAL R (FRAx A 0 2011) o @ * WorldView-2 % 247 & § k3%

Bifor 17 b 2 AR B4 5T (OB-SVM) o 12 fth - B
B R AR S RE - T AR % IPCC - BsEad B R
WAL A SRR B B89% > A o U X FRD R B 5
WA RAGE T L A4 0 2 2 R A (Blde | A E R B
ERA P8 s D4R BRSSP ERRERR T U
B ¥ %)% E% > PB-MLC 2 OBSVM & 4] ca S5/ R 4 7
7 23% (hirk 0 2013) o (8 F 2 DMC 4nf i w2 = § LR
PAHLR 2 R IC S AL £ E 29 0 £ RRMT RS
Fo e TR SRR E A R T A LIIBE S TS
{4 e g @ B B2 (Hhit b > 2014) -

B ik 2 7 enig R T R R 17 aHE s+ (identification)
%&ﬁ%%%%?;%ﬁﬁ‘ﬁ#%?*i“ﬁmxﬁﬁﬁﬁ%
AL o S eh g 2R 8 RSN (unsupervised, Wright et al, 1980) &
& 73" (supervised, Settle & Briggs,1987) 4 #f & 5.4 chig g ¥ s 47
FiF o @t 1990 £ 3 2010 & - o A3 E SF B goka + gk
o sV 4 5 % (Bayesian classifier, Saatchi and Rignot, 1997) ~ #
< PEiE & 5 B (Maximum Likelihood Classifiers, MLC, Warner et
al., 2006)f= k-# #8172 (k-Nearest Neighbors, KNN, Rafieyan et al.,
2009) % o i7 & k> B E Y 2 £ (machine learning, ML) -i# i &
5OE PR e BE 3R - B ATenR [T 0 o84 W AH(Classification
and regression tree, CART, Pu and Landry, 2012) ~ % % 4 tk(Random
Forest, RF, Shi etal., 2020; Kampen et al., 2019; Franklin, 2018; Michez
et al., 2016; Immitzer et al., 2012) -~ & # » & # (Support vector
machine, SVM, Sothe et al., 2019; Liao et al., 2018; Kulikova et al.,

-15-



TR ES VR AR EUF LA (13) | SR

2007 ) ~ /& B & ¥ (Deep Learning, Wagner et al., 2020; Nezami et al.,
2020; Weinstein et al., 2020; Fricker et al., 2019) % = ;2 - gk » £ 44
REEEF R AR > L AT AR R E -~ A
FhEHAERE - HATHRIIRERF > BB BHA
TR o WEF GBI PTOE B 0 & X 2 k£ (LIDAR) TR B~
EEE - EEFRHATFGR TR EFTHEES - A8 EET
(Nezami et al., 2020; Sun et al., 2019) -

@B EFY (ML) 4 1A E (AL 7 B g 7 g
~HGpA T e B o F A NN EHE - B AL
fi & biena@ 2 (Anderson, 2018) o e Ejg fr cndF e e A 2 AR F
B RPN G A ~ RIEAeR R > FP G TRF S PR o
Nilsback and Zisserman (2010) % 21 7 - AALKE 3 & 0 2 kfy i
FEE ~ Ak~ RIEFECH s F ik o Zhang and Xie (2013) & * %
#¥ v & 1% (Support Vector Machines, SVM) {4 1% # (Random
Forest, RF) 2 A B F ¥ * 2 #HF 2 3 X FF BB R F
(hyperspectral Data) » $#> e ¥ LA fic T P - 37& X > FAR

VA Sl azF iyt N B3 R mid
(Wagner etal, 2019) - - LWEEY > 2 F R FHFAL L ALFER
T FEAEHEFIAE A AR R AR SRR L i
WAL ZHFFAFA AFRAEY AT P B EIR Y B IRARR
AR B PPF - EEFFREEY & 5 B e air4E4 > Liu and
KQOmﬁb%%%&ﬁﬁE%&a%*%&%ﬁ%?#%
(Deep Belief Network Architecture) it 2 B 55 s 57 B o R E Y
BE % a0 4 e Has e ag(Arief et al., 2018; Sun et al., 2018) ~ # B4
#p(Liuetal., 2018) ~ {4~ ¥ fa7#:#(Sunetal., 2017) - ‘FE F ¥ 5 #&
P 1ot B AR B - B AT T o CNN L3F Rl sz (v

P BARAR R N E)E T AT cCNN B A BE Y #i > 7

IHRIBE (T A T 0 T RE R HE A AT gk
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e {o5 K Mok (Waldchen et al., 2018) o H ¢ Unet & - & * % E,ZB\
EFFRGAFREY 2 F 0 B e ARER R B AL gD
(Ronneberger et al., 2015; Huang et al., 2018) - /F & & ¥ &> 1% tieh
WRE Y 2, 3 B F BN REY S 2RI ERE
e g 4 B EPE A A RRE YRR 6 p B AG E
P IRAR kA% B mendd(Lecun et al., 1998) - Wagner et al. (2019)
f1* WorldView-3 & 1600 km2 % 42 > % & U-net $ 45 Flp <5
BB EFMReLr I ANERY SEIE Y FREY
Er 7Ry # B PEBFERAEY HE - BATOES FERE
B o

- HAPRTAWEE Y S G BB LR ¥E G
RGPS E P o D BT L A R AR S ey 8- <
%%’ﬁ%ﬂﬁﬁﬁﬁéﬁﬂ%ﬁ%ﬁiﬁﬁ’ﬁﬁ%ﬁg?ﬁ
R o B E B i A AR R AR c EFFAEY LB
FERS R {%’“§¢ﬁ%*$§§”ﬁ#“ BT RE Ko7
BEFEEY S FREIRII AL FE L2 T 71 - Inglada

A0 BRI RABRFRAEG > p 2 ARRE Al 2 R
;@ﬁ%%,ﬁﬁ117ﬁi% FRpwl e HBREW L ER-
Bolyn et al. (2018)41 * 454 dq &p¥ [ & 7| it (7 % & 11 B & 4R4E
L] o JE 17 89.5-93.3% 4% 48 4 25k & o Persson et al.(2018) s 3 &g
T SRR ity AR T R EARE YRR DEW
b3 §<>%LL77¥’«%&:k}«?%- B e A E R B 0 B g
Mo~ BRETR ~ 5 RH S R ITEMS R BRI EBrS S SuE i
RTL S o ARE B R BB SR AR B enRTH R o

AFERERR D EHRTADABEEV R S0l SR
RS o EHFRPEFRL S R FL AT F AR

R T 2 ko TR EED FLSETERTL LAY

s

A
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o~ RN I§: e =

R 1960s 1 {8 dng FeRAR R A * AT R A AT e A tRaE
A o kg R T X I (texture) ~ g 4 (color) ~ ¢ 3 (tone) ~ A5k
(shape) ~ < (size)fr] i (pattern) ¥ = {44 fc > & (7 & Heaf 3 & 4t
fhul o BB A4 P NEEAF FEEF AR B LG
EE R TR o~ RN R B B s B RN R4 R ey
oo d BHEA N S B BT RLEFL P B R P B AR E
P e i

HREGY hf e Fmn > § AR PRT NIRLE < 4
¥ e (7 AR B 1418 A1 % 16 Rl (edge detection) ~ & ZE4& R
(corner detection) & § i 4 Z|(threshold segmentation) » §_&_Geometric

*'zL

hashing(Tsai, 1994) -~ Hough transforms(Goldenshluger and Zeeuvi,
2004) ~ Speeded Up Robust Features (SURF, Bay et al., 2006) ~ Features
from Accelerated Segment Test (FAST, Rosten and Drummond 2006) ~
Scale Invariant Feature Transform (SIFT, Karami etal., 2017) & = 2 ¢ &_
WA GAF P - S Hch E WAL F R dF e B
FREGASSESY S HF i (blde K BT E S Atk A
R WE)NEERE Y A% % 55 (CNN ~DNN ~ U-net £)% & #
oo AT UfEATIRAE R BT E LR ERF -
SRR B ML A E R SRR AR W e 0 K
# P E {%Aﬁfﬂi’ﬁ. e WH R A 2 ALEE o FW R IR )
BT S PSR R R AF AR 0 A TN ko R d B e 8 W e
PHORBEFDADTHRT S &l S8 F R SRR
d AL NEFAE AT NEFREONEE o BRGNP E
BV REZ2EFREY gl 27 kAP 2 2By o
SECR Y TS AR oA SRR E AT Eant B S o a2 2
PR S AR S TR A 2 O 0 B
B AT R TR e 2 "L’%J Al H T I LR g e

3

A~
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s

2 K P iy 0 B BET - B 0 T BB AE S S
BB BEY S 4p o JER E Y (deep learning) d 3t
TRt CHMEE BT RN TR g E
ﬁ%w@&%%isﬁﬁﬁﬁ»ﬁgﬂ?%ﬁ%ﬁ%*ﬁﬁﬁﬁ°
FREY Y TR AIEARE > RERARI A A2 RBIE
1 F e A 1A &% (ANN)F_ - ﬁi% S BAR 4 Sk P akc e g b N

“*‘?“*

2o Bd F S IA S A (neurons)F B B A > A g A L p (T
Foo TART R A o I ] H A2 Bhp I IEF ot B AL
PESE S SEWS-FI0 B SRR S R e P ST
HERRDMET U R F D S oAt g
oo A EFA SR LCNN)Z SRR F Y 34 0 &% < e
RO E TR KBEFAERMEL 0 RIP RGN A DE S EH
(Voulodimos et al., 2018) - CNN # * fg & snie £ (» f 5 EiRE)
TEERLDEELHBGEFTZFESH > KRRIFBE LY 33
(bl ) o I FRE Y 7 CNN 7 0 E 5 BEEHk o i+
koo rdas s - k rm?@";’fi S R RS %ﬁs?l kil
R R R e FREY R T NEY D
FEA > KB AV EBRD S @%ﬁ,vdwﬁ%ﬁﬁi’@ﬁ
ﬁﬁﬁg’v?wﬁﬁ B g

HRgul i TR ) g 2L e By o «wﬁi? ¥ BB 55
RAFRT B Y R H > TR R ﬁ(trammg)’? =
PR s AEE g p B IRA L REE I EF S

chffpic > P S AT 5 AR CNN e il s it g se 8 2 o

B e e o B 1990 & R B 5 sensig o

2 o WA w §F 4 17 (regression) ~ sE 2] %) 4 47 (linear discriminant
analysis, LDA) ~ i = & % 37 (principal component analysis, PCA) & }
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#& &4 (generalized linear models, GLM ) % > # i * Hjd o
FARG A T F e G gl > Bl 2 F IR g ks [ R A AR AR
Fe BRI E 3 TR o A R TESOIFORMHRE S 03-
0.8 2 » @ iT#& RMPEEY B PG A HFEF > 2 5
* 34 3 40 A 0 A #f 8 Fx 4 (Classification accuracies) ¥ 5 0.6 1
00 B fp* BAmiBBEY > 2LEREY S 2 F 4]
Bl eni % o G d B2 HOTHRANHE o R Y Stk Pk
g&agiégﬁ”“ﬁﬁﬁ%ﬁﬁﬁ%ﬁ%?ﬂ’ﬁﬁﬁ%’@

5 i i) 0 %g%ﬁﬁiﬁﬁﬁﬁi£’iﬁﬁﬁﬁﬁ%$ﬁﬁ
‘jtll N Jogg'*i_;{g{(ﬁ? *Ei j’% *%"\‘:—:ﬁ #7}‘"‘ ° '#l q—\l@ ¢u£‘ /jt‘)i g 33 F”rJAa\
T E SR R SyEaon R o TR HRd St e A

oo Pl g A P REFERD PFEEN > BB R o
ﬁ%’ﬁﬁﬁ?%%w@*@&*%’_%%H%ﬁlﬁiﬁ
e TR A SRIEARS C PIREEARE B At o B F
R~ 3t A o BB RS R T AT (data
frame) » B A GHF AT D EHRFARETEL - ad gepry R
PSRl AT Rl BGEL o A hiEARSS 0
o B FE AT U F ook ] LN R R
BY A2 ERE AN iR (T AR kA o (B sLens 2
$o0 ) hppd B EfrR e Bl 2 o HiE o BN AR bk
”??uﬁ%ﬁwfkﬁﬁﬁo%aﬁﬁﬂmﬂﬂﬁﬁﬁ%’ﬁﬁ
MG R R Y TR WARR P AR Aok TR E T 4o
Pl 2 PR 7 fvsedk 2 > X d'GEMRY > B> 20 H
PELERLG R 2DEP R T AR NE RN B LSS
HIUTPIREAL A ATE B ow ek o A o FAF Y RIS EN G0
LI AEH S FEE S B VA A % 15 CNN & DNN
PEST BCE BB LB A B SR Bty RienAp T M FIRtiRE
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BREY fcdly e ®s A2 ™3 > 25 2P 5 g AR
(O’Mahony et al., 2017) -

3-2 #ll ) K B

ANE AL SRR GAF L T B iE R et B T BUER (B
TR L (B 3-1)& 78 484~ B2 Rl BF o R
AT IWEEVVREATHELIEE S AL AR EA A
TR F R R R Ak o T R ST G SR
= ,

R %dﬂdﬁw%%%+% TP RARE, AR AT
B B G PR R RMAAE R s T B Y R
%’ﬁ%a»wQ’W&Zﬁ“%@@%omm31m;gém

% Zmlﬁaﬁﬁiﬂé Fod A RY O RRYAES G2
Boo v - REEIRTBRM S I FESHRRE ISR & R
B R P R R R T (142 B 0 2 RS
e ADS ¢ DMC ¥ lic @ F AL, « % = 2 Risbe By > 1%

T RS B @ M Bow AR A T R (B 3-2) &
# 2 < % 30cmx30cm ¥ 16cmx30cm B {& E_A
P RMTEIR B ERAE  EHLFIRTRY BN Y
EA0E RS SR A F A @?J»H*;: 2B Y 2 < 5 30cmx30cm
£ 50cmx50cm -

\4

K%/ —y‘ [y J@A_ﬁ
L £ L fR

=~ R A A REE

DRI - S A AR PSS a1 %
B2 SIS & F: -7 SN R I f J R E Eh
PP dcRlBe s Bl & ~w=t 2 FZ 52 > Ble by
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u:‘”lE v FiEze s Bl iﬁ":{)’ * e T B T BTG A

Bl A5 oy A AW o PR o - BB kR 8 A A
B> ZR S R HREHREEF a2 2T > FEHRELEFITER
A 3 TR 2 R A A o B R 5 1/5000 o

nEts - &

oA iR B-SUER dR B R Y 0 2001 £ 9 ¥ i\'/;ﬁﬂ =z
GPS &k E#{ IMU ik seoft - “F*ﬂéﬁﬁ"#ﬁﬁﬁa‘ﬂ%%ﬁ%ml“%’_i
F B R .g\ # pelicid 3 A ‘“"J(DEM):L*tl NS EA L

Jui

=4

A S I ﬁlﬂx% eI (Ao R B L~ 4R
2R A p ) A MR BV R A S iiﬁﬂ“%@s%]ﬁ?

T E'Ta’f"%dh% o E o U BRI SR T AR R R B R
o BE R A 60cmx75¢cm o vt B * 5 1/5000 e f‘—"ﬁ LN
L2 i fw s i * B PR B T Trk s BoE S BB kR
WM & L EPF /ﬂ et P iR A o TRl T2 ki

-0 S S S 1/5000 ARSI R thw R
B kL ~ dxf Bl12siie 0 & o f245 & 5 25cm ~ 37.5cm £ 50cm o

FLEPFAFERGBT A SR A4 31 A Hf 0 e
Wb FORE o W Y TSRO ST T kR (NIR)
F2% 2> BWARr G EAE A RbEEIRZ Y RABLR
# 2007 # 2. t5 e DMC #c =47 BB % » soddifedrd 3-2 0

B 4954 JJQJE%?%E%I/»\#U:% v d TR et 2 BB 718 i
g[]ﬁ?rx’\ﬁﬁ@A1 | f8 2 Sy BS o s At E A _@m,xl,ﬁ,}.id‘/\
R > FAHER LY 750 GB o i i» 43 2007 £ 3 2014 & 2
Boorp iz R AR o TR E PR AR R i
#o & F a2 =% (TWD97_E ~ TWD97 N ~ TWD97_H)¢
FRd( @ oK) MR EEEEHEL R LB S8 T

\\\?{.r
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PSR ArB 33477 o ¥ b A fRBT RS ESL B
i & (B 3-4)& p e (B 3-5) 0 © BARTPEFILLEE -

D Aadirul s

~

R pepmszn A 55 0 KAHDL BHEEA

(Fo# Rk R ARz iRl £ 40 F %)
B 3-1 #3008 PR AT

Bl 3-2 4 BB 2§ A
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# 3-1 B Aksng Bl AT HuER B T AR
m = 2 e ' i
FF 2w 4p i
DI\/IC Bz
B W (4 t) 30x30cm ~ 16x30cm
42 -
DMC #ci= 4% | 4p A > v w
B & (B 352+ | 30x30cm ~ 50x50cm 19;2 3001 AR
10 1) e )
i:b ,—:\r’%u*ﬂ?# %F,.]TL’ ﬁp:l’—\i 2301‘&"11§31/3ﬁ€‘
= 82, , ti 2 -\ ,,." ¥~ 1
pp | i Lpm » Ui 4.5 LGl | 2008 & 1 H @A
p | IR R e a
1 S rRa , tif 4% -\ 1 i
¥ i LA & 2008 & 12 15 12 4 ¢ 5
e | =247 NIR
;;MC&‘”’ % | 13824x7680pix - tif #= Az NIR)
te 3t
EEE A
> B2 1% /
%DS&'**" B v 175000 1 A i
o tif 5
72 RFL ~ ] FLYEL
, - AR ~ Hh#t s~ M HR
i 0 H A i e el s
E\ g& R 1/5000 | &~ & B %~ e
2% A B » 60cmx76cm l’ﬁ'ﬁ)‘}" CERE MR
* Limi
&P L B
ol . LES S 1/5000 | 2B %
hE s A B > 60cmx76¢cm
P ETET
54 PomofE4T R 25 - SEEL R B
, . : 1/5000 T
% 2 SR 37.5_ 50cm A
T (3 tif 85t~ thw &
4 2 dxf Bli=srse
1)

204

(FH &R B hing RIE 57
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THEE VB ATREAT 2] (U3)  FaEER G

% 3-2DMC %7 B8 % drfd e N wm

| W& # %3

070510 tadEp ¥

b BLp B
1 | NAME |21 LR

0001 B

a wi(aid by A2 Ey)
2 E [201250.207 | X &4& TWD97
3 N |2666169.734 | Y &4 TWD97
4 H | 2568.975 Wik 3 TWD97
5 E 20042179 | X &4 TWD67
6 N |2666375.375 | Y & TWD67
7 H | 2550.117 i % TWD67
8 LN |21 SR
9 | DATE | 960510 p g
10 | TIME | 1130 gLk pE [P~ A
11 | SEC |20.772 7

5 4 T IE R N RN % v
12 | MAPID | 95213061 %;?f??fﬁﬁﬂwn1w»ﬁ@ﬁ%
13 SC |4 I N (4 £ 7 ¢ % DMC #ic i #E818)
ul m 11 D (L ST E 2 5 LR 30k
fe AR B 5T

15| MP |y ¥ % W E(yig & 1/5000 2B ~n7iE L)
16 | DP |36 Bup (364w ~ 183 % ~ H )
17 DMC i35 f2.5%

(FARLR: BHTABEERT HEL T2+ L FA2 B ERF 7 {47

f"t“‘/_:‘*‘;.:f.{n)
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33MH TR E

EHTFTRDLIRESERTREF 2T LR > 7 5 kg y
AW ikgp o T E Rd N EHRT R A é‘?»\i Ak e m ~ Fhe 2R
MEG OMTENF A G 4 TEES 0 F U AR AT RSB R 0 B 7
R EEERZFTNGT R FFHEFNLILE o FHRFTAD L f—“
GirE =AM AT REFHERT AT 2R ~ 247~
Ry s dkarh o L EdadE s L E AABZ A AT 0 e
AR ESODL CFPERIETEE AN ET = 0 TR
TEFRTNL, > TAAEREDNE, U2 T2REEKRTAD
L 2RV REROREALTRE TEARITEV AR L
LHY R REAABAIEL TR  ETEPOREAEFE
B A AT E oA S NTHHER AR K

M H¥EEwRRiH A
R E AP (2 FEREREPMEYT TR T HER
EHRAERALEIEFEVE R HREERR L THHRE

EHALHER o BERTARfEIREFR CHERETE
2y ERARFHEEREY P ASBLS RS TS p

PhPE % () 1926 & )T B Ao 3T o T EPHIKRITL AT RAIIE S
2010 #eet- S R A Gr R EmE 2 AN 5 AP (£
3-3)& 4 & A2 (R] 3-6) -

d 1 iEnfe s PaRTAALFLE G| R 2
it AN E R FHRIRE R A 0 TR B SR RN RIL
%iﬁﬁ%ﬁﬂﬁﬁﬁﬂ@°%ﬁ’&@éﬁ*%%ﬁﬂﬁi
Lo LR A TR AHN S A A B ] - T 2008
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1. B ARIT 2
(k-Nearest Neighbors)
2. S HE

(Linear Models)

3. AR R

(Decision Trees)

4. Mg
(Random Forests)

5. A g
(Neural Networks)
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1. K-means

2. % & 7 A % DBSCAN
(Density-based Spatial Clustering)
3. RF R 5N R

(Hierarchical Clustering)

4. 3 = m & 47 PCA

(Principal Component Analysis)
5.t i MR IT AR ~ t-SNE
(t-distributed Stochastic Neighbor
Embedding

6. B = X %3 MLE
(Maximum Likelihood
Estimation)

N

]
PRTRE

1. 4B £ 4 &% GLCM
(Gray-Level Co-occurrence
Matrix)

2. p AP S
(Autocorrelation)

3. L %P daik
(Semi-Variogram)

4. 8 [ £ g3 MRF
(Markov Random Field)
5. % # #1453 GRF
(Gibbs Random Field)

6. # i fF 3] AR

(Auto Regressive model)
(RS T

(Wavelet Transform)

B

A

12 ot
(Membership Function)
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- Gottingen &
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= Group
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- ~ eCognition Developer
eCognition Developer - f§ #eCognition £ ~ % d 1¢ & Definiens
Imaging = @ s g e FE e F R G A ITRERE - B g K

7

%E-Héo\zi\?m% Fok bLo RELT B 'r'é"“’f%)]#@i’i“' AT a7
AR ffﬁa‘ﬁﬁj%'q’fﬁ-°ﬁl@?@i‘i B Zﬂlsj‘mh‘#”g‘*‘ﬁ
BEP S LR w%@#%n%?$W W‘#ﬁ$?aﬂ‘ﬁ%
G ;:;J—%iéﬁ o T RRNIETE F O 4 3 eCognition H B
T

L2 e
(=) 4 & 2 o 45 4w

T A& K B A~ 47 i (Object-based Image
AnaIyS|s » OBIA)iE iir=s 2 Bt g enijn o H #ﬂag;j‘&:{g_»

\\\

Ko b o-3% thos 2 (Segmentation) & 2F 5 T R H. | 0 B BHX
i T, o “* T R FE KT A G P RE R o S
I m:,‘?raﬁz » b 4o % o] (Size) ~ & 32 (Texture) ~ 355K
(Shape) ~ #% % (Context) & > OBIA i & ¢ i F]5 &if B4 7% B if
b R o AT 00T A PR e o s A N A ME A R S
?io%@44%ﬁ’%£§»ﬁ$4wi¥%&ﬁiﬁw
LFgad a2 Eaw ‘/“%‘ LI REEDIR -

Bl 4-1 o 5 A R 7 LR
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N

(=) % = RBEHA T2

oA B AR O AR PP > R AR K
NAGRE R PGS R E T I E R 0 B3 %

» bl4eE Lo K--T #57% & % (K-means Clustering) ~ %

(Region Growing) % - @ eCognition ™ & * % = & *» 1]

Iy

N

RS

?

X

VRN 1\‘3
t\ﬁ‘}
Dy
b

(Multiresolution Segmentation) ¥ # > &-$FH & 7 & 2 £ £ &
7 ERE RS RFIRL AL R

R A ERE B IR R
(Scale) f 4 B ¥ B TI I 2 % 1@ ¢ R g ] Ben 3 %

RlgAtm o Bl 42 56 R 2X2%506]0 % ¢ k& 150
o2k i aFOEEE - pb LR miceniE i F 4
4

380%'%ﬁ“w¢WmJuw1%¢%mgm%

(2) ¥ oo 47 5 1
eCognition # & SRR PIE ~ T S uE LN iR R

%Fﬁﬁ 2 ;’%7%%”ié§§§$%
(Raster) w & (Vector) )2 2 8.2 (Point Cloud)#icdz o @ & * F‘ 3
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TfER RPN LS > ¥ oAt g aeas(Knowledge-based)
PEt PR L L BRAKETS S R R RE AN
P g hos 7 % Pl(Rule Set) » & 7 #-H B v e = - BE R
ToRE o WA TR ETT L E REY oA B e Y
Sriedgen e 47 Solicy ¥ ORI  EE o
() § 34 e 47
ERSB AT LER R FH LU LR L
f@ o THEHRAED RS HEFDHRAEFHERY
ﬁﬁﬁﬂ%ﬁ%ﬁm%ﬁéﬂ’UﬁwﬂﬁﬁAJmﬁwﬂﬁﬂ
V%ﬁﬁ?w%m& P B AT A AT R
FERAA D AFREZPAT BAOFRT > HA RS R
P - AvkE o i E % eCognition » ff R B T A A SR
&5 4o SVM -~ CNN S8 B8 % 4 g %”3“’ P o R T
= ~SAGAGIS
SAGA(System for Automated Geoscientific Analyses)H > ¢ &
P it g R pLE o4 ki 28 - 2 d 4RI F+ & (University of
Hamburg) £z & 2£42 +~ & (University of Gottingen) p A 28 % X |
FAOE R IFF AR RGN ZEWMFLFRB LA RE 22
BB BT L R P ZRFRERFE AR L kT
G e AVARTM(GUDA G BT s i L E S B RITD R AE
A Flaz R -"1"?1%?: Bt o g mip o
(- ) ¥ sy A v

SAGA J= 4 B ) F AL AT A 2 bldrk I E K
pRBEY S RPFERE R FELI SRR
chps FLELTE 2 0 s R TR S 4T 8 B B By B o B LA S

> A (Variance) s 47 o @ 3 A5 T A 47 bldosl R W F 3B @

i bl4c7 £ (Residual) &~ 47 ~ 5. 2 £ 7% ~ it jF (Regression) 4 47 ~
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B fE WAy OB R ¢ 7 & 754 BHC S (Topographic Index
Model » TOPMODEL) ~ &4 1% & o
()b afrerir &

SAGAR A4 "R W P F T EHE L £~ 3 T 5 »%ehl
FL L UM PR S LRI 2 o BB
3 11 SAGA API (Application Programming Interface) /i & X # %+
ﬁ%ﬁéﬁ%ﬁﬁﬁ%oéﬁﬁﬁj#iﬁﬁﬁ?ﬂ%@%ﬂ
/i & (Graphical User Interface » GUI)Fa 7z 428 i & i 78 4
FAREERE cESAY CBRAR - F AT W\@ﬂ@@i%]
4-3) B RFDREFT CH2 e & f 2 T 5B
CMD (Command)4£ & #%r~ %+ & % 2 (73 = & 15 (8] 4-4) > 7" i 4
WA e ch% RN AL AdE 0 ehd (FRAR Y P 47 o
(2) BT 55 ~TH

SAGA A~ R RGISHA » 5 7 E R * w59 { 4oL
S RECALIVAR <o ) “,f 7 &4 3 Windows £2 Linux s S B8 > »
g H Y R ITRY O R dra QGIS » Kosmo & R
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Workspace Histogram Attributes Properties
‘ r -
s K =
e 1= 0 00.‘1£J\3I:I\:!'.‘¥| I 3
i Z ECT N L= ‘
5 N W e

R 1180 R R 2

Map View Print Layout Scatter plot Notifications

B 4-3 SAGA B|25i i & % IR

AR B AR wat
L R A A
O L
AR AR AR L
A M SRR

A CHMO 2.0.3

ding .
bil1ty C(single point)
ar Radiation

P b

Wiew Factor

type -h or --help for further information

O:"develophsaga'.saga_2"bin“saga wvox

B] 4-4 CMD %r4 g (7 & Z 4450 A 47
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ArcGIS # - #td ESRI ) Be— e T F I % 58k 7] 048 o
%ﬁoi%ﬁﬁ%3é22@?%4
g2 BE BT ERB AL NE TR R
@1k@¥i;x Pz fikk o LgRA s RFENEET R
= ArcReader ~ ArcView ~ ArcEditor {= Arcinfo - ¥ 3 & % e GIS
& ?@B%arf ArcGIS Explorer Desktop ; #PREAR & > F 4k &7 5 &
B G R A 2% ArcWMS (Web Mapping Server) ~ 3% 2 ArcGIS
Server ¥2 :&F# 2 ArcGIS Image Server ; 78 %% » ¢ 7 ArcGIS for
Windows Mobile ~ ArcPad -~ Explorer for ArcGIS (i0S) ~ ArcGIS
(Android) % o vt A=w0 if ehd B 400 0 ArCGIS B8 S8 - BAH
RESFMRE O LRI R SRR  (F
ENTREE S FTRELETRBESREY 0 T R P
BIRFGEFRP o
(<) ¥ mAH A RS
ArcGIS 2 B # T 5 % Bl 8% & 2 71 2 (Geodatabase) 1
e v * Rk RATRE R Py - B
FERZEAFE O ORFY UG E R PR IOHET RS
Ak o ¢ FiEEEyGY R T > THEBFEEFE - BX
A TR ET U R BRI EFRT 0 7 R F
% w(Feature Classes) |+ F £ & ehd & > L M FHE P 54 49
- B PP et BERAF A AL F o S RS
T E e o & ArcGIS ¢ - Geodatabase P = f87 e 2 50
# w3 ¢ 4& FGDB(File Geodatabase) -~ PGDB(Personal
Geodatabase) » §= ArcSDE Geodatabase -
(Z) fedst i ~ 2 RS
ArcGIS % o = A& §_d 3F 7 enJig * 47;% = 2 (Components) 7
B UF G PR D Arcinfo ko B RN A2 g
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Z2 CArcMap > E AR A ATRY f2 N2 s OB R gd® 2D e
R 7 olie 7 W hiEe s B E P 447 ArcCatalog @ &
PR ERZFFTRE EFTREDOH PR DB ETe
# 7 4 (Metadata) ; ArcToolbox » 3 32 Tl i@ 1 £ 73 & f
& BE& A Arcinfo 1m ¢ i —‘g ERT M I T R
ArcGlobe » ¥ 12 3D = # R AR E 7 ~ HhiEd o7z &
Z B ArcScene > RIE# H BHenz BT E T ~ SofE -~ A

52 A G F i s Btseh ArcReader » Bl E R AE T I E o A%

ArCGIS 75 * IRIEH B & 4 20 & » st R fFenF RS * ¢ 5 i
ﬁiﬁﬁﬁiﬁﬁ?*ﬁﬁiﬁﬂﬁﬁ’z%&ﬁ?yﬁﬁﬁ
T BRE T A AR BN R A I g R AT
3o G ArCGIS § 23 s §anit K o 2Bk R TR
R el = Gl i S

z ~ QGIS

QGIS(Quantum GIS) & ~ % & el xR 4nal LF M ks> H
# % GNU i * = B 3248 i% 2 (GNU General Public License)#24& »
R Y B R L g (OSGeo : Open Source Geospatial
Foundation)=ng = 3+ 3% o & GNU e~ > B % ﬂ" Np TR
BARAENB > TFEREAF R FTLAR D p I BB
U oQGISE A FER Y HH 1 GIS KB “f To- A Ren
GIS# & » L # n-*—Flr“ﬁ»Jz YRR AN E S 0 1 Python . C++p
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bt

Bl AT EE Y AR AT R ERTEA - 2 F R
BoLh - B RV G RS EES SR EFREGT

i3
FER o FHFEFE T50GB - WG 1 GIS HrH Y ALk

e
=

-63-



TP EE Y PR G AR EAF
Bl P AEHREUFR2mT (1U3) | 2%k 2

"‘FTJ ——’5 e E
R . IR LIE LTS

L

FooHERA AT RE GPU » Boai4p 7 K3
EEES G

=

1 1 A EY
$ oot s A2-4 354 Python BRAEN B R F S B8y

K= L S
Rt li.ﬁii\\:v{\‘:‘l'i 'ﬂ;:{}.'}i‘%ﬁﬁ

-64-



TS RS Y R AR REAT 2/ (U3) | 25422

LR FREYFER2ZETHEH
518 B S ¥ B GAFHE A H G

WEE Y RRRITE k2 oG 0 RS R o ok - 20
AR DB ASEES R > A P a3 e gy ouid
DIEEMTE R R o B2 TR s 4 (Classification) | A* JEpF >
B ¥ % LA 5 % g (Convolutional Neural Network » CNN)# &
x> BipBim < 5 & 1998 Efr‘ c et o Ra AF et E
ER AR FEZE AR 2 RY o BFL S P iRBIF N R
i o "gFAME R > L 2 SABESY Bgrie Y B
75 E kA o F B ifURIEiers ) T8 A 2] (Segmentation) | s
A PR A RAE S e SR R FEE D AR P o Bre 4o
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- ~ B tfs %% B 2 CNN

é—_fgl Vuﬁf/? ,\?/I :' ’}'§AF' ’ ,‘m“#‘ g A1 EfFlf F\ x IE’.)%/);L
$ S EIIDE I Gk - f‘g\«ﬁi‘,{%i C AEREY AF‘ v ip R T AR
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*é‘??ﬂ ’ &am o BT AN ILE DG E 0 dL R IR U
MRl F P IR iR E R RIE < P IR b kR o

how AT ] oedR 2 A FEE > R TR A

FEBBHLE > ARG L E
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TRFER 2R TLEF AL DI BB R sb;ii“ i
boenyR B b i H 3 %%@ﬁﬁ%ﬁ A
CNN i % 2 T E fiothan® § T2 » o IE L P
g aip I BB > 2 BREFRE Bbla g > - KPR
S RS  eig S A L
LER e DR FERL R Mo gt BT
BT & F R 5 enF ke 28 v aiy o B> B
EETOHERER R B AR Sk vi5iE CNNw
Vi A grRRagy .

Fird > CNN ¢ B LR g R R FHFR -
T ARV - BEREBGAMF LY F R RN 4 3F
H TR g Breiadp i o BE S B AR uu&:rs T F B B IR T
MLAER S 5 }ﬂﬁfi SN EPRURUE U R A LN ) 1 N (N
B EOIEERE > § RIEBY RO T R LS Y
ﬁﬁ??@’%ﬁ%ﬁ# R FAHF AT o 4oB 51T L0 B
BIA B~ R oo i K o CNN S B & 0 B i
HokiEs - Rl BRSO R F - BPRARTRLFL - FAW
e o B s £k S endE o v SR R A AT % B (Deep Neural
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WHERHIAB S S 2 B Y 2 P Rk

s

-

-66-



"B EEY RPN G AHRENS AT (UB) | FEFELF

) C3: f. maps 16@10x10
INPUT gé 2'3?;“"’ maps S4: f. maps 16@5x5
32x32 S2: f. maps
6@14x14

Full connection Gaussian connections
Convolutions Subsampling Convolutions  Subsampling Full connection

Bl 5-1 CNN 3] % #

FAMPEAT FRE-HEEPGABFAEZ > P RS
WP R AR PR SR AR S R 0
FERL AT S I3 3 B8 2% ff #E(Fully Convolutional
Network > FCN) &8 i &) & 6] » 4@ 5-2 » 22 = & CNN el # 2%
Bt oo F 0 EN AP G FREIE B G DL SIRRIE
WA e £ 0 F £ 5% CNN ke SN 5 s
dodept T HE - BHRFEFLSH o 2
o R o FIREITF ek PER F AR 0 T EBA N2 U-
Net /i3 ¥ L B8~ Rl * +rzo

Net#ﬂ# t 2015 4 it )k R s BIHEA] 0 4o 5-3 47
T B FCNAp v 538 CNN 32 iftifiee £ 0 2 &
MAR R <t gl g\w;m ALY 0 R o BB A chirfiew £ 01
¥oebagde 1 Fij g # (Concatenate) s Zp otk piE AR o B )
e 7 EH R R e EREFFEE P AR R A
e ek P o sea BB IR R o 2 2 o U-Net i &
BRI P ps P AR 22 B AL bldefr s B iheh 2
Bkl s 231 2L % ARy S Y R
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B o ¥E - BUBEHEGE > RN AHET L TGS
5 ’%‘Té”* CNN ;% &% %4> HHHIE BT £7 121G 3 e
AR > RHZRBRATI NS Y HPGE AL T EEHH

PR GEE TG AE o E R HE - B RRG RA
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forward/inference

//

A,

T[ (1 e
> A & qb qb 21

| _;,"5%’ 3%5 'f)b 807 a0

19°

21

Wl 5-2 FCN #7%1 % #:

o output
lmat?lz 1" N ot ’j segmentation
1 2 map

+

¥

3 -bI-u-l 3 I*I*I =»conv 3x3, ReLU

copy and crop

Heie - [elenn # max pool 2x2
7 C = 4 4 up-conv 2x2
it g = conv 1x1

B 5-3 U-Net 3] 2 4

52 ELYWET 204

BEEYREFT DRI AAMFTE2REFELY K N E
= (Programming Language) £ # 3% & ~ i* & & % =2 (Deep Learning
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Framework) » £ 2 ;% %,2%1 £ (Integrated Development Environment
IDE) » 4o 5-4 577 o A & MR HEWP ¥ PR FT 5o B 5N
FE AR (rL A
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A 20 I A P e iﬁ Tensorflow &_ PyTorch -

Tensorflow £« & _PyTorch /& & 3% % % i C & C++= = » Python &

# # GDAL -~

'

Bi- B 54k Fa4 5 > Tensorflow & & PyTorch + #1+ «"13‘3:‘@
GPU & {F4cig o F]pt » A2-F @ * Python iv5 2 & B33
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2015 & if B 43 B > fi PyTorch ¢112017 & % » FIpt pe L & R i
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I Outline

<=

2B BN |
MK B A
B33 BR[E] R

E&TPh.D
I I I Why should foresters recognize trees species?
MEZERMABAEEIH)ETEEEE - #EER - EHEENEEARHENNSEREERER  TRAFMEEHER
HopW B+ BB SRS RIRTETIRE - BT ik 2Es(Waser etal, 2011) -
SEANRIER - » ERAMARED HEBEN - 2HREMBDENHIHR
- BHEENEE  £R - TT - ENFECERENS - FMEEES

- ALHRER B R - MATHEE RS ERRINS - ERREER
CHRERACEE - - M5 AU eSS “ENERRR
- HHEREREE B - B - KR
- BEBEWER - REERERSES
- A NRE RN ERRSHS T -

=

|mxﬁ%m@

I Why should foresters recognize trees species?

<A - AN AL T TR RGN - TMESEEIE | Smas smd
BAMEEBAALE - BRI BN SIERE 25 Py YAy

ik $8e% Tim s

( ELTEE : Adobestosc )
d
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| BzEftEAEI—EsENIE | BxREHZHERERE

- BRI EEA RS ENEE B EMBATENE
ES N
EEREREEAMHGMNERSERT0SAEM
£ HASEEDSAR - BIEEERANLO% - A
RAEREM T F AT L 3 (FAC,2015) -
« $h53 (stand) BIa B & 2 R EERAR R E G TEA AL - #hE -
A HREMERBERERIN TR -
« TAIREY (Forest type)RE M5 I — S IITT - FEH
— 7 & B H R A A L RESRE -

| AEM D PHAER  B—EFEEREANBER I ﬁEfEE’\JEﬁEIQ__ -

4 @ #i2(Satellite)

. ﬁMgg(UAS).) i) 0 ;ﬁ;ﬁ.ﬂ@éﬁap

s Aon s o .
Feep:ifblogs herrico k12.va.us/21/2016/03/25 ftree-identification-project! hepsy//waypaintsersefly.comiir ‘ographic-geospatial-
dare-collectior-drones-satellite-menred/

. ewrmmNE M EER RS

- REEREE - SEXHLDAR)

| @ * RRamian I 7 __ Machine Learning

o ABRITRELIT R F ( »30 emipivel ) B | | :
- MEESRRREG | Olive
= = =3 =1
Input Decision tree Output

Edz] Input Feature extraction + Classification Output
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Foiarp. coniiarastry

MACHINE =~ EHRe® FRetes yungs
LEARNING

DEEP
mEmmsATxs  LEARNING

19505 1960 1970 1980% 1990 20005 2010

I Seeing the Tree and the Forest I HMEARE D B

 MOEYHER—ARIEM 2 B SMRR B (status)

« G MR BE  MRERUBLEETATES - AL -
TI 5 BtE 848 M(species composition) » M9 & t(stand
structure) * M9 ETEE(stand growing stock) FARIGME TR
HRESE -

rvasttw/archives/11073

| Frms I

« REMTELIMABBNEREREENERZARM - #F - #
BEfEEEBER  SWEE B8 O REK
AT ARBEIA -

s ALHCAISEBARAILETF - BATIAEAERM IR
TIROFRAR - B DU AHERIE -

BEABKER - #18  KEEHAMFRBIRE -

HikeHI AT BEORRA -
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AR B ARM R B HE | MEERR BRI R REABATER ?

« BPEL1920sM R WIEMERMHRS &1 . 1940s{%F BEBERFIES - BoIAEEHBENHECRAEM . BRESCHH
BB - AR AL BRI 2 4195052 # (Paijmans, 1951 ; ERE -

Aldnchy 153 2 sandor, 1355) - CBERE FORMEERY - SESETEE, (Heller et al, 1964 )
« Paijmans (1951)#Malili forests of the Celebes (Sulawesi) - #i#i <

TL10000MMZIEF + AIS H AR H E—EELHI T T LS « BITEROA (R 1L SUPR1L) - BRI RIRIRIR -

D

« Francis ( 1955 ) ff1:250005% 5. 7 101@ 2 F M 4T I M 5178 -
« Hannibal ( 1962 ) Az F #iR) 8 —7&FT MEEm s -

hitp: s a7 A/A3200802 bt

fZEIR A BRI

+ B3 R - RUDEARD

m&E

- Kilisize) =BEmT— W ERA
(9F) - H2

+ 1960s U2 ML 28 B IRRET 1 R 0 A BU B A TE SE R T 4B Y - + iishape) : ERHH-ZHE - FALFEM B BRI - 03 7

- (KIS AL ZE BB B B0 B texture) ~ EE(color) ~ B3f(tone) - ;ﬁ‘::m“m ;’i“ :: e,
#h(shape)  RI(size) B L (pattern) F B - ETHM IHEES RETT ARG | § EEANAR - K EE S
RS TEAR - . p 215 5 - AN

mZRE LB S
EEAAR - EHR LERNG - W2 ARtk

4 B HEANARRE - S

e ]

R

« Irhi(site) | MEFERA AL SEES 20 - kS @ HWhHe
Sk - g z I G .
- HiBH(related object) : I ELTIZ S - A SRS EEA—SR S A S R S

IAbSEURRER - A fhAAEeE Y
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TR R TN T EE R NCTONERE

o - SHRKAMSK

- BEFERITENEMENEEERFT LTI - BARE X
#) - ERMLFCEAEF S DAY RRFERMAR TN,
7% ( Wulder,1998; Bolduc et al., 1999; Erikson, 2004 ) -

BB HEMAETERARERREEN G - —EE2ENR
BRANBEHE HIEZ—(Condit et al.,2000; Ferreira et

al., 2016; Laybros et al.,, 2019; Weinstein et al., 2020) -

r ———
o Po— (. e
| MZRA LRRH o i | i
- A e e s =
Toble 11.2. Aerial photographic crown characteristics of major conifers 7 Oteen AN i oo
occurring in New Hampshire, New York, and Vermont (Ciesla, 1984). - il =
r— N
srecs aom e omu cows o ouce B e g EZm e e
o = B o e
Redorblockspce  Broodly conicol  Obiv Lobed Madian — n-r = ..; P
Sokiam e Norowly conicol  Acuelocumincte  Finsly e Fine T S T e s
Lo AN 9 B
fomnboodk Boodycmal  Obe Sk e 2 2 An ___—5_ = E
Covemuiimgian ook boisoud  Soofyromded Lobodponed  Medlem AT /;‘\ A\ Lo R i N o)
N —— et ol o e
fed pioe Open,rounded  Broodlycounded  Finaly serroe o :"‘:””""' 24 — m‘ * ‘_’:':._:_' S"‘..'.. "\.'-"Z
Eastern larch Norrowdy conicol  Acvle Finslysarote e .- ﬁg * @ o % @
Norhern whie cador Oval Broadly romded  Exes/sme Mediom
A Figure 13, ol oy te 4 P e
atriol photosroph (Gl ond Hoppo, 190
|5 pre ~ N
| BstmABEAIRRI | ##&ss%
« 1990sAEBE A SR AR5
ERANTEEEESARMEESHYEMAR - SATLSHESN = Regression techniques(Féret and Asner, 2013)

* Multinomial regression{Waser et al., 2011}

= Principal component analysis (PCA, Mamoru and Ken-ichiro,
2005; Pal and Mather, 2006)

= Linear discriminant analysis (LDA, Kim et al., 2009;Immitzer
etal., 2012)

« BEHZUBE ( generalized linear models, GLM ) - #A#
BUMBHEZEMOMNTEAEL (Guisan etal, 2004 ) -

| #sszazEesy | #zE2zEnsER
CSO+MBETABRIE » ASHERITA0THE - HF4iE

1£(Classification accuracies)#1563% Z98% -

i

- EESE
+ Random Forest (RF, Immitzer et al,2012)
« Support vector machine (SVM, Kulikova et al., 2007)

« Bayesian classifier(Saatchi and Rignot, 1997)
« Maximum likelihood classification(Warnar et al., 2006)

- etc.

- REBER S e &0 MG - BSI2012F AlexNet ( Krizhevsky etal, 2012) «

« SNN, DN N(Botalla et al., 2018)
« U-netiWagner et al., 2020}
. etc
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< (D)FEMEAGHETRENHENER  EHLNTRPBAIE—
TRk EBRIHEB(Fassnacht et al,2016)

« (2) RIZRRELIR - ik ~ Auh - 538 - DIRSA RS IR SRS -
et R 2IRE B E M (Fricker et al, 2019)

2% (U3) | %423

SRk RE

« Tree species identificatior on large-scale aerial photographs in a
tropical rain forest, French Guiana-application for management and
conservation.

« Tree Species Discrimination in Tropical Forests Using Airborne

Imaging. Spectroscopy.

« Comparison of support vector machine, rancom forest and neural
network classifiers for tree species classification on airborne
hyperspectral APEX images.

= A Convolutional Neural Network Classifier Identifies Tree Species in
Mixed-Conifer Forest from Hyperspectral Imagery.

« Cross-site learning in deep learning RGB tree crown detection.

« () FE MRS FREA E RS P ELE Bl (Fricker et al, 2019) »

RIBENOERGTE - KRTFS

Tree species identification on large-scale aerial

I photographs in a tropical rain forest, French I
Guiana
-application for management and conservation

Data set and method

* The Paracou Experimental Station in French Guiana.

* Over 119 ha (16 plots), trees above 10 cm dbh are labelled,
inventoried and monitored.

+ Trichon and Julien, 2016

* Aerial photographs
* used a FM2 Nikon camera with a 35 mm(Fuji colour slides)
* Scale 1:1500, 1:3000 and 1:8000

ICIass of criteria -

» Crown size

= Crown status

» Crown contour

» Crown architecture
» Foliage cover

* Foliage texture

= Colour

= Phenoloy

-211-



"B EEY RPN G AHRENS AT (UB) | FEFELF

SO — I ————

e

e Sl ‘Sl e oo ted e

TR—

Tree Species Discrimination in Tropical Forests
I Results I Using Airborne Imaging Spectroscopy

Féret and Asner 2013

* Tree species of small size, whatever their characteristics,
cannot be investigated through this method.

« rare species will be difficult to catch because of the
difficulty to get training samples and because their chance
to appear in large areas of survey will be low.

* A significant contribution to analysis of very high-
resolution(VHR) remote sensing data.

I Data set and method | Species

+ The Nanawale Forest Reserve in Is and of Hawai', TABLE 1 TABLE Il
. = UK SPRCIES [DNTIFED AND LUCATHD (X T CAO-ALWA Iiaasey  DATA CORRESPONDING T0 CANOPY CROWNS CONTAINING MIXED
« The spectra data contains 24 spectral bands (390 nm and 1044 nm, = SPECIES IDENTIFIED AND LOCATED IN THE CAO-ALPHA IMAGERY
resoluton: 0.5m) PITR—
. s g o~ — cams e Piels Crowns NP
« Tree species and indvidual position (GPS) ARG ms e sl CRONN
CONRD e mt ‘4o ALEMOL¥CECPIL 707 5 123
oo L2l fet COONUC I ns ALEMOL + PANTEC 202 1 973
* Li i i e EUCROB n CECPEL + Bambusa vulgaris 41 1 2410
Linear discr'minant analysis (LDA) z cnoe 4 2 bl ook el L e
+ Quadratic discriminant ana ys's (QDA) NAND 57 CECPEL - MELUME i i 1o
5 G ; ¢ e s CECPEL + METPOL 23 3 4
+ Regu arized discriminant ana ysis (RDA) Remnci % 3 CECPEL = PANTEC 5895 m 812
+ kenearest neighboar algorithm (k-NN) [T B A p -
M 1 CANNS % et brsaM sS4 e CUCPEL | PSIGUA 20 900
Art ficial neural networks {ANNs) il e it . riy R i e : _
« I near SYM(L-SVM} Lo Netaa. BIGUA 2009 s PANTEC + PSIGUA i 813
. b gk 18 PITSAM | PSICAT 3 2883
+ RBF-SVM o e i a6

7Nz
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I Results I Results
RDA TRAINED WITH 50 SAMPLES
o BAY 902 mixed species ey (%) (%)
| o N ALEMOL + CECPEL
(N 0 CIEPTL | T,
i CECPEL 4 PANTEC

CECPLL 4 PSIGUA
CECPEL + TREORI
CECPEL + Bambusa vulgaris
T

ALP-ANN
AN

WP AN

P 1A+ PANTEC
Overall Ace

Oversll accuese

Comparison of support vector machine,
I random forest and neural network

classifiers for tree species classification on

airborne hyperspectral APEX images

I Results

= The spatial information improves spectral classification.
= The in¢reasing confusion induced by mixed pixels of canopy.
= Information about canopy structure cannot be retrieved easily R
from spectroscopic measurements. .
» This study shows the potential of VIS/NIR hyperspectral imagery
to identify species intropical forests.

» Recent advances in 3-D segmentation using LIiDAR show very
promising results for tree species classification.

Raczko and Zagajewski, 2017
Logond

. s
B e
[y
o

W e

[ y—

o cssfron
I Data set and method I classification accuracy
« The Karkonosze Natianal Park, Paland
= APEX hyperspectral dala (380-2500 nm, 222-band dataset » Of all compared classification results, ANN achieved the
- >40 bands selection by PCA) highest median overall classification accuracy (77%)
+ Spatial resolution: 3.35m. followed by SYM with 68% and RF with 62%.
* ANN had the highest median kappa, at 0.72, while SVYM and

« 5 m tall were considered as valid location sources.
= Non-loresied areas were masked by NDVI (lower than 0.2)

RF had 0.61 and 0.52 median kappa, respectively.

= SVM, RF and ANN (R slalistical soliware, "e 10717 "randomFarest”,
“nnel” package)
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Tree species aboundances based on classification outputs

80

aSVM I Results
n @Random Forest|
60 - ®ANN

50+ « Optimal training pixels of SYM and RF.

+ Some studies recommended at least 400 pixels per class as
the optimal number of pixels for classification purposes
{Kavzoglu & Mather, 2003).

« using 60 pixels per class (Fassnacnt et al., 2014; Ghosh et al.,
2014).

- every classified species is represented by 120 pixels.

30
20

10

A Convolutional Neural Network Classifier
I Identifies Tree Species in Mixed-Conifer I Data set and method
Forest from Hyperspectral Imagery

« Teakettle Experimental Forest (TEF) in the Southern Sierra
Nevada Mountains.

Fricker et al., 2019 A..

* The airborne remote sensing LIDAR and hyperspectral
imagery data(resolution 1m, NEON's program)

+ The "overstory” trees with large canopies. (tree sizes >5m
tall).

I Tree species I -
Gactif Ourpusts
Species Fredictions
Table 1. The scientific name, common name, four-letter abbreviated species code, and the number of o pecies Wyperspecal
trees per species used in our study SN Fadichen
s s e
Code Scientific Name (Common Name) Abbreviation Number
0 Abies concolor (White fir) abeo 119 . Convolutlonal Necral
1 Abies magnifica (Red fir) abma 47
2 Calocedrus decurrens (Incense cedar) cade 66
3 Pinis jeffrevi (effrey pine) pije 164 T
4 Pinus lambertiana (Sugar pine) pila 65 PPN ey
5 quke 18 {8 classes)
6 Pinus contorta (Lodgepole pine) pico 62 {
7 Dead (any species) dead 169 ——

Sppacies Prachcicers
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I Research objectives I Results

+ The best hyperparameter settings of CNN
* Evaluate the application of CNNs to identify tree species in
hyperspectral imagery compared to a Red-Green-Blue (RGB)
imagery.

- patch sizeof L=15
+ regularization strength of a = 0.001

+ C = 32 filter kernels in the first convolutional layer up to a

= Assess the accuracy of the tree species classification using a
maximum of C' = 128 kernels.

test dataset which is distinct from the training and validation
data.

I Results I Results

Table 2. Summary results table reporting the precision, rwealt and F-Scare for the average of 1 fulds of
the kefold cross validation for both the Red-CGreen-Blue subset and hyperspectral imagery.

* The hyperspectral

. Typerspectral RGB
< pecics Species ypersp:
peces Code  Drecision Recall  Fscore  Precision Recall  [-Seore CNN model
White tic [ uze a8l o7 036 05 049 outperformed the
Red fir 1 aze a2z o7 01 03 035
- 2 2 asa  ass 088 050 044 047 RGB CNN model by
[ 095 0.63 073 [ 23% on average.
Sugar pime T [ ase 093 0.67 0.68 067
Black oak 5 073 aeL 067 069 061 065
Lodgepoe 6 os aw o8 om0
Dead 7 ams s ose 0 Fig £ hyperspeciral CRN,
aveTatal axr 07 Dt D 5 bigh, Prid, and lower

Cross-site learning in deep learning RGB tree

I crown detection I Data set and method
Weinstein et al., 2020 * National Ecolagy Observation Netwark (NEON) Airbarne Observation
Platiorm.

Silva et al. 2016 Within Site Training
* San Joaquin Experimental Range, Califernia.

+* RGB data arca Tkm = 1km [(GSD: 0.1m)
« LIDAR data {4-6 paints/m?)

Eastem Decidious

* Hand annotations

* 10 a LIDAR canopy height model and removed any trees less than 3 m
in height.{vegetation =3 min height).)
+ LIDAR tree detection-the lidR R package

"
] H
€ g -
¥ 2
£ i
3

* Convalutianal ncural networks
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Conceptual workflow of proposed approach for
airborne detection of individual tree crowns.

. Training Workflow //Aimnme RGB /. f
/—

/ Overlay derived
/,\,,m,me “DM Extract Predicted annutatmns on Hand-annotation
Tree Locations. ;

Normalize RGB

Normalize RGB

Can LIDAR Tree
Height Model prediction ¥ ! ¥
Deep Learnin
P"'jmmmg 9 _,| Retrain Model

Individual Tree
Crown prediction @

Classification accuracy

« Within-site predictions ranged from 0.60 recall and 0.75 .
+ Mixed Pine to 0.34 recall and 0.55 precision in Alpine.
« Eastern Deciduous site from 0.44 and Oak Woodland from 0.6.

+ Remote sensing methods have limited ability to quantify small
and subcanopy trees (Aubry-Kientz et al., 2019), and RGB only
methods are particularly susceptible to this limitation because
they cannot see trees below the sun-exposed canopy.

SRTER B+ ZGEER

— RGB ortho-imagery
DAP point cloud

Multispectral ortho-imagery

a

e

w3

Sony ILCE-6000

23515 b0

RedE:
\,@Ilnpwlml ,ﬂf
s NDVI

{Xuetal, 2020}
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| eEmEmEmABEYEk:

Ablation curves of the proportion of hand-
annotation training data for each site.

| Eastom Deciuous Ouk Vicodiane Vasec Pre
o7 | T
5. e 05
g in o4 asq |
£os] |
< 03 04l
== W T 0% On o s 7% 1003
Training Data
[t ons Gk asard Visdpre
0 o8 =
By T M/f_'u. ™
3 fos
asf !
oss) Ko !
o0 02
T S om0 0% T 5 7o 1% O % 3% 7w 10 0% % 5

Proportion of Hand Annotation Training Data

Emé,EJﬁﬁ DEEBE

[ T pr—

ponq

Margin
L, bocomes larger

* Sentinel- 2B FEMHKFMred-edgeFISWIR band + TR HE
HREAEENNE  RENRYREZ sﬁ@"ﬁ%i(Persson etal,
2018) - gt

(Zhao ez al,, 2020)
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Al 1 f2fF — 1 E P

N ® B Al HEZETHE
EALFT 2 AIETE - DIk ELY '

® AIEERTHOERE

2020.10.26 = =
e 5T T ‘ o RIEHRER IR

T I-I | N K"'RO N ERIEISER A ERAE

AlFEERIFRE

iRm A

@ EAA UEZEFNR

® AEERRE /
Deep Learning
® AlERHTHER
|
» FREEEEIIRE ! Machme Learning / |
e—
\ Expert System

-
/
N AI

—

@ AlilifyiEe Al ibisEiE

Output OQutput

Mapping from
features

Mapping frem
features

[ ) [ ]
e [ m
Hand-designed J [ Hand-desi } [ tation ]
[ ] ]

program features features R {EZE A A it
L Input J Input Input ¥U§ﬁﬁ§§ A %“ %%ﬁ
Expert System Machine Learning Deep Learning
5 5
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@) Al RIREEANLT

FREIPLES ‘ HARRE H EHER ——‘ AFHREE % HRTE
\ )
B ok EE
K-means SVM Linear
DBSCA Baysian Saple
= - 1) 72 ks h ; Hierachit Di T Muki
HITPEER Eil%:3 it 2 AEELy it R oy ukip'e
XGBOOST
LightGBM
CatBoost

Al BYETSE

Natural Language Processing (NLP)

| Clustering |
® |nformation Retrieval
Classification « Natural Language Understanding
> e Sentence Generation
Regression

LRecommendation )
Auto-control ’

Computer Vision (CV)
e Classification
e Segmentation
(_ ® Object Detection

9
e TP+ TN
R T TPTIN+FP+FN
CpuEy e
% TTP+FP
EHEEE ik
~ TP+FN
2
P spore= i
1/precision + 1 /recall
Segmentati e 1
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SR ER

RESE
DNN
CNN
RNN
LSTM

Autoencoder
UNet

Mask-RCNN

Gl

RI 8

Confusion Matrix

Model¥/5E

Positive = Negative

True e TN

False FP FN
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Al BOSHEIBE - BESEY

Al B9HREIZEE - Segmentation

Metric Definition
Mean Squared Error (MSE) MSE ES 3 intersection

A ¥

10U =

Root Mean Squared Error (RMSE) } pryt A

RAMSE = | B0 UNION
Mean Absoloute Error (MAE) MAE=Y 1y -

= 14

IR RPHE R B Al ZAERYFRENEH 1T

AEDX%_&: , IR HRAE [~ EBED -ﬂﬁmmﬂﬁ&}— RRER
Al REEE =z — - | . |

HATIEER ER e BLRW »{ MEEsn - AROE

MO EFAISE

. ® Inner Training
App'lcable e Cooperate Al expert
® AIFEERES \

o NmEASHEE /\
o RRBEEARRI

@ FAAIRE 2 B

Success VS. Valuable
+ Get Momentum * Reduce Cost
* Win Trust * Increase Revenue
1 18
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Better Product @ EAAlUNE 7 BRI
@ AIEZmBE
@ AlEEJITHER

s ERERERZIEE

More Data —Moretser—
® Automatic Collection
» Electronize

HITERAV2RE

Centralized N
ceo |
o . I .
Al Team ‘ I Qperation 1 | ‘ Operation 2
Decentralized ——
CEO |

|
Operation 1 1 Operation 2 I Operation 3
_ With Al function | With Al function , | With Al function

EiH AL

BAAl L7 TR
® AlBEAEE
@ AILENTHER
o TREFEER2IF

2015.08.20 @ 13301530

Dakuo BB @ AEHE SO

ARBERFER AT S ET AR
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Al ZER9R SR TT

AIEIE - F#

FRBIPEER SRR [ ERER »ﬂ—)ﬂ:‘.ﬁﬁ?ﬁ}—« R
HITRIER ‘ e }—‘ ERRE }—$%I§i=ﬁ BT
1. 7183RDMCH 1% . e
L EIAEHE
s 2. £520mDEM 3 RERRA R R

AIRIE - BRERE

1. RAE: CHLUBRERRE £

a RISERP THEG) SR TAE ., ET? e Python 7T ERIGIS=I]
b. BT A20m DEMET &2 i) Fit557 o GISRIEENAREESH
c. MEyHE(HLLE - DEM - Slope « Aspect..) 81825 — 18

"

1. Raster. 7 &Raster B RAI MNP AR M,
2. CRS: B8 % 81l (epsg/wkt, npidx/coords)
e - 3. TypeCast: R441551898(gdal/numpy)
1 Eliﬁdlléﬁiﬁﬂ. tﬁlﬁlE?zﬁLﬂiixA/]\(e.g. 256 * 256) 4, ShapeGrid: & R g B RIS E 8
a It RBUEERE? 5. Normalizer: LS89 E 5%

b. Zffiaipixel basediLabelsi Rimage basedfiLabel? 6. AeroTriangulation: 2 =R
7. Interpolation: @5 8RENE

10.GislO: File-based GIS Operation

.
8. Splittedimage: 1 & /A1 S3%H T G P
9. DEMProcessor: ZBDEMAIHHE ron 'S

28

AIEIE - #h A FE

DEM Aspoct Roughness
’ b -

) FiEE- MiE{LHEE

% ShapeGrid

TronGisPy

% DEMProcessor

Trongisey (2E20m DEM - $#55312#)

Slope

¢

30
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ey

@) FiLE- EDEM @ AR RhRyElER

r

57\ AeroTriangulation .
TronGisPy (MN3E: 10 min => 0.5 sec)

&

VA Interpolation

TronGisPy

= g f K= Ko)  mialFi = Yo) + s = Zo)

s (¥ = Xo) + My (¥ — ¥o) + mag(Z; — Zo)
may (X = Xo) + maa(¥, = ¥o) + may(Z, — Zo)
Mgy (X; = Xo) + may (¥, = Vo) + myy (2, — Zo)

EDEM&H S 2R 12 RDEM] %5 3 32

AIERE- RITRTEREE ) BUEEIE- [RIalis R AEME R AR IR =

ot e

A :

J P

— v s
(R¥I : Yongwei Sheng, 2003) =

34

L kR @) FIEIE - RIRFHER

A Interpolation
(hN3: 60 min => 0.5 min})

RIRFFERS:
85 sec/img

TronGisPy

a ~
22 B men BHe

36

HEER
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AU ERIE - BlSRIRE BT Al RFRYRSNEL AT

court of splittec images for each tree typs

8
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43 44

How CNN Works Why CNN Works

oloJsflafs]o]o L X R

TTo T
oot imp e % [2[o]2
T 1/0]-1
il © ol

alolifa]s]e]la * 3 L3 ofaja|afa]

P - i

Detector 45 46

ct Features

(@) Pooling Layer

TTalelele - FRN > R > T
ofifufsfo Max Pooling & \
1lo2]2]2
1fafz]1]0
ofefa]z]z

Pooled Feature Map
Feature Map

oft[olo]o
ofrfz]1]e Max Posling 2] s [
e [a]z]s al2]1
1]alz2]1]o al2|1
ofo[z]2t
Pooled Feature Map
Foature Map 47 48
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Classification (CNN + DNN) Semgentati Net)

24 132 112 1 Prodictod Mask
C3: 1. maps 16@10x10
" C1. feature maps S4:1. maps 16@5%5

3232 L

2.1, maps
@114

- Cony 303, Rell)
Full conflection | Gaussian connections
Convolutions. Subsampling Convolutions ~ Subsampling Full connection

b ez
t o

Dropout, then
* conv 33, Rely

Copy
49

= Conv Ix1, sigmoid

Object Dection (Yolo)

Al 2% YR 2E#H17: To Be Continue
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{U“‘r(zﬂ;‘iﬁb’:H ARETE ‘

BRI }—‘ BRESR [ HLHNE

L

WIRR ’ L
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