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ABSTRACT

Due to the aging of the population, Taiwan’s agricultural manpower has been in a
large shortage in recent years. In order to reduce the labor demand of agricultural
production, smart farming utilizing big data analysis, Internet of Things (IoTs), and
sensors is of great interest. Particularly, combining with image data analysis, the inquiries
of Unmanned Aerial Vehicles (UAVs) applied in agriculture is rising. It can provide
farmers with better management on the process of growing crops.

The research proposed an approach to automatically label rice seedling from UAV
images. There are 4 main parts in the proposed method: paddy field segmentation, rice
seedling detection, rice seedling labeling, and rice seedling alignment. First, with the
classification tool and three different segmentation algorithms: Watershed algorithm,
Felzenszwalb’s algorithm and SLIC algorithm, paddy fields were extracted from the UAV
images and the paddy mask image was computed. Second, by using blob detection with
the paddy mask, rice seedlings were detected from different pre-processing images, which
were generated by calculating vegetation indices (VIs) and image enhancement. Third,
each detected rice seedling was labeled with an ID of paddy area by utilizing the
homography matrix between the input UAV image and the mosaic. Last, the proposed

method implemented an image stitching algorithm based on rice seedlings, and achieve
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rice seedling alignment.

For paddy field segmentation, all the three image segmentation algorithm can

achieve more than 95% f-measure, where Felzenszwalb’s algorithm got the best

performance with 96.26% precision, 97.88% recall and 97.04% f-measure. For rice

seedling detection, most of the pre-processing images using VIs obtained better result

than the pre-processing image which was just converted from RGB to grayscale. Among

the pre-processing images, the one using TGI gained the best detection result with 96.15%

precision, 91.96% recall and 93.84% f-measure. For rice seedling labeling, the result can

achieve 99.20% accuracy. As for rice seedling alignment, the result shows that using

seedling-based image stitching algorithm can increase 26.17% the numbers of rice

seedling pairs between adjacent images. Besides, the result also shows that within

multiple image stitching, the perspective transformation between the first image and the

third image was more accurate by indirectly transforming with the second image.

Keywords: precision agriculture; UAV image; image segmentation; feature detection,;

rice seedling detection; image stitching
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Method

Description

Advantages

Disadvantages

NDI

ExG

ExR

CIVE

EXGR

NGRDI

VEG

coM1

MExG

comz2

Normalised
Difference Index

Excess Green Index

Excess Red Index

Colour Index of
Vegetation
Extraction

Excess Green
minus Excess Red
Index

Normalised
Green-Red
Difference Index

Vegetative Index

Combined ExG,
ExGR, CIVE, and
VEG indexes

Modified Excess
Green Index

Combined ExG,
CIVE, and VEG
indexes

(1) Easy to compute
(2) Somewhat robust to lighting, except for extreme values

1) Easy to compute

2) Widely used

3) Low sensitivity to background errors and lighting conditions
4) Showed good adaptability in outdoor environment

2) Although it relies only on red component, it still extracts green pixels
3) Segment soil texture

1) Low running time

(
(
(
(
(1) Easy to compute
(
(
(
(2) Showed good adaptability in outdoor environment

(1) Showed good adaptability in outdoor environments
(2) Cando two tasks: extracting green by ExG and eliminating background
noise by ExR

(1) Reduces the differences in exposure settings selected by the digital
camera

(2) Consists of two components (8): one is used to discriminate between
green plants and soil, and other is used to normalise for variations in light
intensity between different images

(1) Invariant to the colour temperature of a black body illuminant
(2) Insensitive to the amplitude of the illumination

(3) Requires a single threshold

(

1) Showed very good adaptability in outdoor environment

(1) Showed very good adaptability in outdoor environment

(1) Showed very good adaptability in outdoor environment

(1) Does not perform well when
the light is very high or very low
(2) Many false positives

(1) Does not perform well when
the light is high or low

(1) Does not perform well when
the light is high or low
(2) It is not as accurate as ExG

(1) Performs poorly when light is
weak or strong

(2) Has poor adaptability with
shadow

(1) Does not perform well when
the light is high or low

(2) Segments the pixel of shadow
as plants (over-segmentation)

(1) Does not perform well when
the light is high or low
(2) Limited use

(1) Does not perform well when
the light is high or low. Complex to
implement

(1) Increase of computational time
(2) Does not perform well when
the light is high or low

(3) Segments shadow as part of
plant because of CIVE

(1) Does not perform well when
the light is high or low

(1) Increased computational time,
but less than COM1

(2) Does not perform well when
the light is high or low

Bl 2 % da e hdide o A 217 2 1 i Bt i [17]
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CIVE CIVE = 0.441R — 0.811G + 0.385B + 18.78745 (5 [21]
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VEG T G 7 [19)
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TGI TGl = G—0.39R - 0.61B V. 8) [15]
G—R :
VARI VARl = ————— (G 9) [14]
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COM2 COM2 = 0.36ExG + 0.47CIVE + 0.17VEG (% 12) [25]
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PHA L SR EnT TR Y 22 TR RS B R AN
AR BRI L EAA AR AT 3 REBFL B fen R
FF o R R L AR RS e R B R BiS R T

LR R A ey R e

!.abeled ;;

HE
Labeled
i 7 image
(300%300) Histogram

L 4

; R’ -
Superpixel : Histegram - Yes
M. o ABEE v SeTES e comparison | et L e BN

-
|
. S
ﬂ!ﬁ?ﬁfﬁ
| e
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2.3. L BL 13 B

s gk 1§ Rl (blob detection) ¥ chpr @k Jp A ik ey B @A F TR
Bou Rl ¥ et 5d AAg ) L B of Lenm B RIFE 2 € 1% LoG
(Laplacian of Gaussian) [33] ~ DoG (Difference of Gaussian) [34] ~ DoH (Determinant
of Hessian) [27] % % j2 ki& (7 » AH k¥ 5 S EH b IR S 145 Noras
=%

AF g @ % OpenCV [35] # B3N8 (7o iR o TR SN 8 Rag
BEALE D FEFLRS e BAFHY G A W AORGERRETOE ER R
thresholdStep » M I F R BEEFHANE - Bt K kT2 A4 k3%
B F 4 ﬁ-?] *EGG I(y) F kR Edz - B ERE LLxy)o
te »7%x = Bl R 2ZREPH- BAHIRT L GY13) &7

1, I(x,y) =ty
0, otherwise

@mw={ (5 13)

H*e > t, =minThreshold + k = thresholdStep

I = [ maxThreshold — minThreshold”
- thresholdStep

APk BibiS o TANE D BBk I i@ 4 (connected component) ¥ H ¢
Sl o BF R R OB R B o il MR ks AT L

gk s € &Bﬁ%ﬂm&ﬁﬁkwﬁéﬁmﬁ%o

11
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2.4, F t§A 2

¥ s 3l (image segmentation) dp P A M-— R B s B F 5 BF R B D
WAL F BT HEP DG F 2 E AR > dofgpd P R - RIT (texture)
% [36] - Masmoudi ~ Zennouhi f= El Ansari [37] #& d1 - fAA - 35 = Rl d
o BF B2 o Pt f]* RGBS 25 B - a8 > B ~HSV ¢ 427 F -

R ZEZ HSV - 2 * B ap§rtlaods L8 > 7 2 %87 1% HSV =

=

BE RS BN A AFEZAENN{FLs RS P 2T R AR
BER?* P UABREREIIE AP TEERGALUFTE28E S BV R
(histogram comparison) [38] #-7 dp B~ & = f&0 B E 2480 | o U T R AT

S Gz B GA BRE AR .

241 &K E

Aok w82 (watershed algorithm) [39, 40] % < PR A T3 TLE el oK Ag >
Thdg— 3250 BRI A R KPR R H A E R AR 5 - e R
FEAZERBI R Aot - ko P k] & (local minimum) € #& it 5 28 o
ot R P 7 B 7 B 57 % BB R o KR L ENE R § AR
BEod HIRAPAP ALY TS aoRAg e BY @ L ARz F RS @ AR

BrdwuBEE o oW 55T o

12
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Dams

Watersheds

o Water level

(a) Minima (b) Minima
Bl 5 rE-kieE S RRIehA R B2 [40]
2.4.2. Felzenszwalb-Huttenlocher ;% £ ;*
Felzenszwalb v Huttenlocher #% 11 7 - fa A3t Bl e o 2F 5 02 [41]> 1T

f§ #- 5 Felzenszwalb 7 & 2 o # i B2 ¢ A5 & v B (graph) > % 5 B¢

& 8L (node) #RIT ih 11 3f (edge) 4% @ P g€ (weight) BId i B ep
AR ARR AT Bk AT PR G - B R B R AFS ) L S H
(minimal spanning tree) iEA2™ Eibr B o B iS22 B F B PREA LB

A XM hEBLE L2 ok et

2.4.3. SLIC & % A 257 & 72

SLIC (Simple Linear Iterative Clustering) 42 if& » 2% & /2 [32] - fA:x 2
WA k-means A T E 2 [42] BB A E{FTEEY o E kAo a3 R
#BiF M o SLIC #-gifd RGB ¢ 23 F## 3 CIELAB ¢ L3z 24 g > T F
WBEH k AT FFEI AT REEE o SLIC Addnitrri vk BHEHEY

2 Cp M-I F RN S RUERE B FARINEHFERETOELE - F

13
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FFRATR AR P {ATHE? o X ERARGE BRI B AR e

AR R BN A RLEETLALL T RE

2.5.k-NN 7 & 2

k-NN j# & ;2 (k-nearest neighbors algorithm) [31] ZF AL fLH P E - A 4
RS KF R B 6 AWE AL ERMA I NELAGTRALELIY e e
BEREE T kB AR R el Bt R 0 R AR A R

BheNGE | o

A A A A A a
A A A — A e':' "\\‘ A
Test record K “\ ! \
=g i \. I \
o A o 9 ®a} o 10 ®a
0 A o\ J A 0 J A
N \ .
A A o “.‘-‘-—‘ /s A
o o o
° ° ° o ° o
K = 1 Predicted Class is K = 3 Predicted Class is
triangle circle

B 6k-NN /% &2 [31]

26 B R

d 3N AFT Y Afew HAA IS R I & (imagestitching) 4 BETFL Y 0 5

\\\Xr

P R BRI o - SRR B B d 4 pcEk P (feature
detection) ¥ 4 it (description) ~ 4F#xfic ¥ (feature matching) ~ 31# & (outlier) #
FEAAE RPEL > 12 PiGR{e (image blending) % % ) e & [43] -
Ppane 3 2by SR E R angh 2 0 B¢ Tareen f- Saleem [43]
4%+ SIFT [34] ~ SURF [44] ~ KAZE [45] ~ AKAZE [46] ~ ORB [47] %2 BRISK [48]

2 AP PR E 2 o # P AT ¢ 483 > SIFT ~ SURT 12 2 BRISK £
14
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TR RMEEESRE A R RE A ORB IR R A RIEL S K
2% B 1% ; SIFT ~ KAZE ~ AKAZE 2 2 BRISK £ 4 # & 8 ik #55& 5 ORB
" % BRISK ##l @ w & %+ 5+ %4 (affine transformation) f& T8 - 22X 8
WEE LT RA o REYE LA S P 4 > 2 SIFT o BRISK A # ¢ e s

R B He 2 2 SIFT & 5 #57 -

N

PR S S ER R H AL R EEe s S R g2 A
RANSAC (random sample consensus) [49] o H ¥ w24 5 0 S8 EH - & Ficfe ¥
A4 H el kg3t B BFkpe 2 B enged & I N FE (inlier) ©AEEE

BEFIEEAACPER AL DI RPLELRPNFEREE S o oB T AT e

Inliers: 7

Bl 7RANSAC : p ¥ B2 @ [49)

15
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3.1. B2

AR Ry TR Z L P e T Z B YR AL

(1) R PRBfon BV TE MG 5 RS0 B2uen %ol ik
AR R o EERREANE N R 2 BB ohE B E i};rs%;,uj A3 - 1
e73% & 4~ 4] (semantic segmentation) F* 4% o

(2) Bpimkg Mo By FL L ap ;P hL R 0P bR B2 §

AL - BEAEED - RFTAE O ke B2 3 -

Flt AL AR A S AR TR RIFHIRLFS LG HE

H T e B f IR AE -

(3) 571 @B By RO =8 > 28 LA AR 2 iy

Boaf P AIT 5 SRR R R AL o d ST AT T MR AL B — R R AT
MR AT AR S *%'?r’@é;fﬁ THF A B 3E o @ B B bR G
(i e ] T R AT B RS T O O A S R
WAL BT OGRS e 2

AR F 2 R RACR] 8 om0k AZEAEA S oRw R ARy iRie B Ay
HAZ A0 o e RIS > AT ST ERE [10] AT 2 E LR

dAT B G BB e BB
L4

I R L

2P B RIS S H BATHES  4oF 9~ B 10

T
_{’
=

i
e!.;..

*A R R BRSBTS R R RT R
BT A R BT 3 R B U RS R
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@r%&%@miﬁ’ﬁ»%%gg@zﬁzFﬁ@ﬁm«k’vu—@san

FEEIAAES LA I FE AR SR LR fEr RB RS

HxBE R gt B HRS % o

mﬁﬁ:}ﬁfﬁ@‘_ _F_ HHLHF" %ﬁ_g ,;Y/F\J‘_L_\%%#B ﬁ*}‘#‘ﬁﬁiﬁﬁk":@m}_ﬁ;ﬂlﬁ Foo do
o TT BT LR RREIA RRO AT ER R ORE Y o ey AT

fon
A
¢
F
|
’g\*;
B
3
&
EX
&
w0

AP e B hf SR SRR T B

PR A LB b AR AR s IR A NS ho R 1L SR 0 L B

FEWHIA DL 2X2 P BFRE O TABENLT RES IR T
o ey~ R TIAR R TR AR 6 b RS E T A R R4
3G B3 RE FPAE EFIe Ry o RFLH e P AT H TR P
s PR PR EATT R BRI R S D AT RS A A

i PR iy b 5 SR s B ey B R4 - L R 1Y B AP
H R (E ol g B 0 (T 2 3R g AR AR e ol B W] R - SR ik
Bt b B A R E AT (S R LT e B B R e

- S
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7f§5“—’ T B2
Feyeid i

AR 2
AP AR A

- 00
SEZE T S

Bl 8 4 S 4
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o — o —— —————————— I il ]

\
|{ il SLIC /% & i+ 4 :
I I
| Felzehszwalb l AR B E R |
| o LRES |
: FI* % 2 4p 28R e :
\ F ERBLH /

N v

I RBEASETEEEFAE S B 3-NN A X

\ 4 \ 4 \ 4

EEARA L fET 23 BB

\ 4 \ 4 A 4

PEER T PETER T PEIER L

|
|
J
‘)

) S S
\JJ
Z}rﬂ}
g
(i
dar

B 9 469 W 1 B i 2% W

19

doi:10.6342/NTU202001782



i
dx3

N

<
I-><rI m a
(@) = DY
®

At #icrd2 (Complement)

!

=1 = 2| I £ =
B A A A P K
i i i i \\ :
g k) g g Rl g
\ A 4 \ 4

R k- R W R k™
= Yoy Yo Yo Yoy ¥
= = e = = %

B 10 fn T i 2 5 Bk 0 5P 28 4 )
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<
<

\ 4 \ 4

= FEPH AT H FEH AT
|
I L 4
| |
I |
: s EEMTH e
I |
|

Ay EF e

\ 4

B~ B Tl 4D AR 2 B R T G

l

FHMaH - - - -

Bl 11 Ap AR R 2 B e b 4 28 1 )
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3.3. f&v %3 F ks 1l

d 3R P AR Afen ¢ o FN AT F AR Y B B E 2 R s
SRS SR AR L R E s P SRS R LS
3L HHABFEZRT A VR

AFmy % scikit-image [50] T4k 2 flk o 0 240 A R anA RAIFE R
Felzenszwalb ;% & ;2 22 SLIC /g & /2 » WP AL 2 I a3 BB 2 A% e §
HHmR* AR FEZTAL N DS BB PALR A RBIFEZ AR 12 277

i A2 PRGN RP AL E R 0 F R UNRE (threshold) B 1857

BARI G R R R R E AR S FH A KT R GA UL R

5

B e

Original Local Gradient

po
|

Markers

B 12 Ak gwE 2

22

doi:10.6342/NTU202001782



weB] 13 %7 0 LR e PR
BRiEisdp g 5%y oo &

Threshold = 10
RS s

A B S T TR R

5‘“5@/?]??‘7‘ PE’

KI5 300

Threshold

W13 AkgwEEeT A RRELAHES

Felzenszwalb % 523 3 B+

SR S N S A 4| L s o

#-sigma BAFIE K B

14 4557 > Bots 3k TP Berr 2 Skl

BRI R R ],3., J;_‘*li,j-ﬁﬁ/g\' 7Ty
T 5 min_size BJE* kU4 A B D3

AR AT ha B S

¥4 tscale hiE § PR EA B3 R B
WG FARL T BB AR Y | sigma hiE € B

¥ Jid2 (smoothing)-

-l

1

Il A R )

. scale = 500 > min_size = 3000 -

23
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scale:300, min_size:1000 scale:300, min_size:3000 scale:300, min_size:5000

= & & '«
scale:500, min_size:1000 scale:500, min_size:3000

scale:700, min_size:1000

scale:700, min_size:3000

scale:700, min_size:5000

B 14 Felzenszwalb j§ & /2 # * % o $¥c2 & 258 %

273 SLIC j# &% ? en%#ic > 4 n_segments v compactness i ¥4 2] % %

o

n_segments ¥ - T A B G T i X RenificE ; compactness B € B2 584 1] BF AR
1T A& (color proximity) ¥ 5 FF3:iT B (space proximity) 2. FFenfg € » B4 F ~
2B EITRABEARS > A BN FEAR ERRITL S - AFE LR

compactness J3FIE K B 0 T K T n_segments & 1500 0 & A B dehF FE L]

F oA Rs e gEgse Gufg koo 4oB] 15 4Ton e
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o T TS e Ahion A B

NN
=\

% > n_segments = 1500

~~
&
=
&~
4r
5

S (b) » 7

Bl 15 SLIC i & i » 2] % %

AZSBIRBFLUE FEEBI RROHI TOELE 2 TSP AH
(region adjacency graph, RAG) » r ¥ %’ﬁ“r} B Bppd pirend R &8 F o
FHE [S1]-B 16 51" RAGEZ R REE H+ RELDSHEE - d | R

b ihiE M R

(a) threshold = 10 (b) threshold = 15 (c) threshold = 20
B 16 1* RAGE 7 B B+ Rid & B &%
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RO AAE H2 PR (D) I Aok EEE (2) It Felzenszwalb i

Bixgr (3) 417 SLIC /¥ %4} RAG+ %448 » 2 fifen REP A 2

-

AU Ws FZ-SLR-Bl 1752222 B blss 4 25422

FERBEE EEE 1724 27 0@ Ws A H N3 R L5
B K

(b) Fz

B 17 @ % 2 s 22 B B E%

i Ws Fz SL R
F RS 25103 275 142
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3.32. & * W &8 k-NN & &

Fefz B e *“V*-ﬁsa])‘ﬁ AR CEI S Sl R SRR SCN R AN
EEALGEEE  BE R RPESZHDLET R EETE S B & k-NN
FEERT R LT FRBAF LT TR AFTHELY ¢ TR
FRGER R B & 35N R SR B R e ] T R 24
BEES 195 - X 20 R {R R e Y E IS FR R G 40 - A F 0 @ 2hgee
B FEAF e SRR S AR T e SRR B R R R T

« (binary image) » 4-B] 18 #f71 » v & fhF * &

FTIS
R
St

=
Eid
gfé;
.
s
ey
o=
FTS
I
s?ﬂq-

B3 AETHRE Y iR B o2 ik

% w) féau ztfsw
i B ihR i 7 19

\

N

A5 E

B 18 AT A B 2 el i
Al HSV ¢ £5%5 B2 4 49 (Hue) £ 4¢4cR (Saturation) i& 7= A8 >
Blvt o Pt TR B B g Lt S HSV B ije £ #4538 v 28X (mask) >
PEFHREEGEL RSN AHS E S B 4oB 1997 - TR BEE RS
WEANS RS E HS EOW (W 20) KA RRAD S R T RIS
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B R 2 AR M T B

e Y

c HEFTV kP T2

g =
2

GRS S

Koo % KNNJE B 285 ®d 8 5 oo B e o AT KR TS 3
FACE S TN AT 2 B L HR R ik S el 5 3
2 A PREZERB T LY e Bk BRfS g T
ﬁ;f] » 2 f‘g'\\i‘ - f%"\f% PSSR
0 0
500 500
1000 1000
1500 1500 §
2000 2000
2500 2500
3000 3000 §
3500 3500
2000 T 2000
AR ERE AHERE
0 0
500 500
1000 1000 \
1500 1500
2000 2000
2500 2500 N
3000 3000
3500 3500
0 1000 2000 3000 4000 2000 3000 4000
FHwiZe it A BAR R RAE
10 10
08 08
06 06
04 04
02 02
00 00

100
S

200 250

HSE 7 B

B 19 A Fa

675
o o

100
g0

200 250

HSE 7 B

FpreHHS 22 B
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500 {5
1000
1500
2000
2500
3000

3500

0 1000 2000 3000 4000 5000

B 20 #A%3 R d HS 2 5 B

3.3.3. kA 218 A2
BEAH e RRELE  AFIHIZFREFVEERELFET A
A RE OGO FHEY N L FAGEAE R ARk

o 2 Fen BB R B 0 B 21 (b)

T

(b) GiB(s AL B ¥ 2%
Bl 21 f&0 %Rk 22 B 5 B
Bl 22 % Ws~Fz112 SL R erd %460 B8 8 A 118 % Bl o dHmeni & o

AL E SR N SRk
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(¢)SL R

(b) Fz

(a) Ws
Bl 22 &% 2 222 f50 R iEs 35S 5 B

3.4. 60 T 2 $HKEE R

DR R R AL MRS LT AL D

50 FEELE A H ek R
LA~ R R R AR B 1B 6§

=

R AT
ME RSN A B L DAL e
3.4.1. A ¥ Aty R chip MAEA

¥ oo R gl E L AR Y E R-G-B

» NDI £22 NGRDI 38 254 F % >

Z B g en

#2

vk =

SfEe H ¥

RGB {48 4p s & 2.1, #& 71
B X0 NDIfEE 4 o @] 23 3 R4 i

- PR T RS FARS AR 0 X f
w015 o 3 GE A L R B R e Ay Bt B 1S TR

AL
VEG ~ TGI » VARI ~ EXGR 11 2 COMI 2

= &R 2 o NDI -~ ExG ~ MEXG ~

@Fﬁ&&ﬁ(ﬁl@uﬁﬂléﬁ»%@»k%@@ﬁ&@

e dp BB o~ £
W2 Bk (Xy) =Btk ki iy o

Ic(x,y) = 255 — I(x,y) (¢ 14)
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VARI ExGR coM1

Bl 23 kg BB e

NDI_complement

ExR

CIVE MExG_complement VEG_complement

TGlfcompIement

%
SRR

e e
\ “. 0 "

=

VARI_complement ExGR_complement COM1_complement
f f B
ﬁ i il
m; /] e s s—— "3 S —— e
l o

g

B 24 91 2 Ak gy B i
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AL DS S AoFl 24 917 o B F > PR B s PRl i ¥
MR DA e A 2 B P [ Adp M i dic (Pearson’s correlation coefficient)
iRisE > fp B 'L (correlation matrix) k T & AR dp ez B s AR R ARR o 0T
SREXEY2ZFPARE AP M Gl s [52]:

cov(X,Y)

— V15
Pxy Oy Oy (7 )

H?ocov(XY) 5 X4rY 2 £ % £ #ic (covariance)’ o » ¥ # X (standard deviation).

DN 4T o L n HELRE (observations) (X, Y1), (X V) ¢

n
1 .
cov(X,Y) = EZ(XL' — ux) (Y — py) i 16)
i=1
n n
1 2 1 2 |
ox = n_lz(xi_ﬂx) , Oy = mZ(Yi—Hy) w 17)
=1 =1
n n
= 1 X = 1 Y. V18
#X_EZ i:.“Y—;Z i (3 18)
i=1 i=1

pa Rz Tofeod AT G LS5 eR s (Y19
n — o —
oxy = i=1 (X — px) (Vi — py) (* 19)
VI (X — ) X (Y — py)?
Er ARG R n A AAHARE XY ANRARRXEEGRY DN 0B

g E o ApM Gl € —1 2 1 2B > 48337 1 A 45 ST PR
AT F 2 ARHT —1 N AS PHfAPMARRARG A APH GEchEFE E 0 &
0 FHcp R Z -

B 25 53t 3 dijEakdg ot ot AR B Chdicrs A 2 dndp R o o Y EAR
T ExG £ VEG % 249 B > 22 COMI1 & B 4p R : ExR 22 ExGR & % > 4p

B ; MExG £ NDI~ VARI % R 4p B¢ ; TGI &2 CIVE B4 = 2 4phf ; @ COM2 &2 2
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o fE AR g B AP AL R SR R o SSaE N o r o AT R R PGE L AR B AR A AR ¥
#1450 ExG ~ ExR ~ MEXG ~ TGI &2 COM2 1% 3§ S 7% * chiytdp i > 4ofl 26

S o APM Al E BB A AZE 0.95 0 B AT £ 0.

| Jose oo oo Juse[oosToms| 1 oo IR I8

ExG 093 097 0.98 [NEY
- 08
ExR . 0.81 | 092 | 099 096 WELEE
CIVE 0.9 0.96 .9 0.28
0.6
S| 096 003 093 096 | 092 | 0.88 L]

G 0.96 1 | 093 0.98
VE - 0.0089 e
TGI 081 | 099 0.93 083 | 0.89 [ 0.86 [EL!

VARI 092 | 09 Py 0.064 s
1

comz | 0.045 0.037-0.0099 0.28 | 0.28 0.0089 0:34 0.064 001 -0.12

coMm1

NDI ExG ExR CVE MExG VEG TGI VARI ExGR COM1 COM2

W 25 ity Hedp BBt

1.0
0.8
0.6
- 04
TGl

- 0.2

coM2z 0.037 -0.0099 028 | 0.34

-00
ExG ExR MExG TGI comz2

Bl 26 i * 2 f84kdn ficdp b 4B
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3.4.2. &4 % AR

F R NP ke S A el 0 kB PR st A el o
P g R LU i BT S MR (CLAHE) [26] %3 % 8 G & > 4ol 27
S o de b A E U ARILE R PR o AR A ST ARSI A E § T8 4o
28 > 11T T i AJZ S 2 A %] ff AL 5 Gray » CLAHE ~ ExG ~ ExR » MExG ~ TGI

"ME COM2- 27 Gray » #RE > &2 ¥ S ke o

A i
(a) 3 b v R (b) 3 i- ¥t &R {8
B 27 & * CLAHE # " #

R ¥ 1% R ¥ 1% RIEH & _CLAHE ExG_CLAHE
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3.4.3. s Bk 1 Rl FER T
~F 3 & * OpenCV [35] #7#& &2 SimpleBlobDetector &4t ed2 B’ g

B R B TR R 1 R o SN T ke Sl kAT EE A R sk

e

|
{

dRBGHF) CAGRFAE RN B N EARE Bt EFHE 50 A
Sl MPEECE LT Otsu i 82 [30] #fta APF R o i do@ 29 47

FoRBEERTHERMAT SR GA 0 DL G ST A LS B gl

3
s

= ~ a -
A & P & o LS B S - % s s
» e A - P A b B N N N R e R
= S oS > &5 & R S &
- . S e -
- & T -
= = e : ~ - - -
5 s it 3 < . ue -a -
- %3 Yo » & * R e T S XSS
- & - O - -
- % hi T @ : & &~ Wie LR
-~ My KT, @ &% S L B T T N * e W
e Py . - 3
LB AR R S WES Welln e
& Y Fh oS N ia @ CW i P A ETE IR e R R
B Ay NSON AR e = L I T
“~ah W e O sk oy W Wy R e ® e
Kk A A Bk E R e NP A R W el e A *
» " » - ol - L S - > »~ “ o o= bl ‘»* R o
e e s hoa vt E - R St RV S I
- -~ ~ a - - S .
. \da B P r L 3 “"\5: A R ¥
> LY A e al's & h, SN i }\ »" . »n b'a & b
r. N A A e e - - L~47\ ~ .~ A - v o~
S e mw v el LW AT . > \::“-,\"« L N
- N . ’
; - Nonoa e M e o WV BN N SRR W e O, A

&
RS
<=
~

o
N

I

i

-

R

9=

(a) &0 %t

=
[\
\O
RS
T
[
-
B
[

-
i
=

ETTS

d VR R R 2 sk R Sk

parameters. filterByColor = True | parameters.filterByCircularity = False
parameters. blobColor = 0 parameters. filterByConvexity = False

parameters. filterByArea = True | parameters.filterBylnertia = False

parameters. minArea = 15

parameters. maxArea = 300
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O R RRAR LR S PRl 0F ST ALE GHEY §

Pl tepr gL ORI AR 0 Bk o

v

parameters.thresholdStep #cid. = 2 5% $-dciy 14
WO B ATFER - Bk S A AR A Sl F AT R AR
o7 d1— . 500 X 500 o S K (F] 30) A 1355 460 ¢ oy Bl
J i thresholdStep FF 3k E e id Pl % > K IE v B 75 " AT JZ F S5 fsw
Boeni fdm a2 o K L thresholdStep ¢ 50 3 1 plzEie * 7 F S ¥ #7¥ o
Zicd (B 31) o EH R AR TE KT AT ERT KE &G BT

thresholdStep & » 1% 5 3% G2 8% hrn B iE o

thresholdStep = 30 thresholdStep = 11
fen g = 252 i i =90 ru g =248
Wiedy, e 0 00 0 g 5 by
oo < » © » ° (;:o ooo
®+5 0 o BT e o6 e il
(e} © o Q@ © o o o O 68 we § ©
] (0} ® o e e o9 e BWGS ¢ o
€] ® ® o o o oo m g St °
e © o HATE ¥ L s e e
(o] ® & O o S0 0 1B e 8 WG W o % e
o ! © 0O ° T B T s B N A
© e © 0 O C) 8.8 & 'aiJa o6l e 6 oa e W
00 ® 0 ©6 o o 0 h. A e RS e et o
e © 0 06 @ ~ » & 6 W A e G g Wit 2
- e ® ©.e 6 ~ o 4 e % o0 % 0'n 9 g @ & o O
- e 9,6 00 e o ® 8 6 0 6 6.0 9s % 66 @
] ® ® s ° ° °Oo e o 9l g@ 0.8 e » ®
HO.0 3 2 © ® o o o o O S 2 °® ©® e o84 @
""" +© O o« el o & * p oS 8“’ 6o 00009 o °
- o os~ Y o ® °.Ooo°° * o.6 §w o & ©
't eo ® ® & Doo ) 88 & B e S L
p [ SN - 2
B 30 f&9 B B B 31 i * % J» thresholdStep 2 f jpl.% % 7= & B
F A

P EIRARTT AL W RJE E i T Ak ¥ i thresholdStep 3
Yok 4977 o

% B2 > % 2. thresholdStep % #_iE

#EJ2 R . Gray CLAHE ExG  ExR  MExG TGl  COM2

thresholdStep 11 35 1 21 17 15 15
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A EL P2 & I8 R B R TR S

=2 o

A ok
RO

L AT
e BC
Gl
ﬁyﬁ; =1

P
N

B sk

N |
%

A sk
"
o

A -
e
-
TR
2

s
|

o PFI % B2 P~ 500 X 500

(c) CLAHE

(b) Gray

LS

=

B2
an

(a) B+

(f) MEXG

(h) COM2

(g) TGI

Bl 32 F-w 1P
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3.5, #-v e

PREER P et iR e AT R ey R - RS R B 0 G N E B IRT
oo PRt R [53,54] - Bl 33 Z 2 BRSNS Y P T AR BT e b
gk X R Z YN X g Apts Y v o 2 HME PTG H B ARl 33 2
acF L WEEG OV UL EF hT G 2 BT 6 2 B A (projective
transformation) 7R} ©% > 7~ f£ % ¥ &1t (homography) - B 33 2 b ¥ 1 8 = F %
FRBERPBRPIIR T 6 0 5 ApRAR Y DR HGRY KRR RS
@ 4ol 332 ¢ F BT e 2 BFapk 5 (mapping) o 7 P chEkE HiE A 4P
W e B RPRFGRT R R RT e LR Y R B ERETER
Bl 332 d epz e By iTa 4ol 332 RMIFGTo2FE il

l}io
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image plane

B 33 z FEREEAR Y o T & B [53]
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W& To Pk (B 34) £4 - 3x3 224 £ (non-singular) &%

AT 2 A ARk 3 e B ehMpE R > T U AT 0
X hi1  hiz  his][*1
x3| = [h21 haz  hos||X2 +20)
X3 hs1 hsy hsg3llX3

SRS SR

x' = Hx (¢ 21)

Bl 34 T F-gpitt ¥- Tag2 73 B [53]

ﬁ;;ﬁ d ,-gg#ﬂi% BB R B hd gt e (homography matrix)
Ry~ B R TR R BT G L AR AR AR R 50 AL
B dtielo g L % SIFT i 302 i ~ B R BlE 0 b % (W 35@a)
PP R e R F R 34 (R Ry R AR PR R T S
Yot T Ry AR B 2 R A e RE R AR AR 4ol 35(b)
SEREN-CIVEES BN 3 RN T Y SRR R A Ty S s
B o Bl n Ry v 2 BERERET AT S (G 22):

ri=Hr;>» 2° rnel-i=1,..,n (¢ 22)

40

doi:10.6342/NTU202001782



(b) i&fen H 44 ey gt

B 35 F-u iz & B

3.6. F-u ¥&

2O EmE R NP RE R o ) & AR R 2 By
B LW P FRPG I F ey AP -2 > Ry AR GHEREDE
B8RS o T e R A T LT G - B AR

AN ES 0 AP R Y & (infinity norm) k Tk S R P fenRy
BHERE L R ML Dnpue 20 Bl Ly BB g T A H
o~ B AR St R Lippye WD gy 2 H BB S Hedk (54 22)
i g 2 REE g RART R - BTG S TEE A Ay R o
TLEM q ~r 2 Baged d(q,r) o
V q € linput * 7 € lagj °

q' =Hq
d(q',m) = lIr = q'lle == max(r, — x|, |1, — q3]) (3% 23)
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B9 q=(qpqy) T =(Tmn) B 36 5@z B AEEEECIE - F T E Bl
¢S AR d(q,T) = 10 B A B B A T e 2 x

BHREf y BREZ B @S 1

y

A

1 o

‘CI > X
1
d(q,r)=1

Bl 36 v 2 B hpEd o o) )

Ao BT HETHE J T PR ZFAT RIS RE O
Fq 8 or BT AEEBGTORY S T R BRI (qr) B - WAL
v 4t 4oB) 37 F1F o

if d(q',r) < t:

r = find_closest(q) = arg r%lziri-(d(q"ri))
iladj

y Y o
A __2__.
1 - |
1@ |
I ./. 1@
I q |
lo_ _o_ ]
* °
i i
5 —> X
SN

W 37§82 v # (qr) 7 ALH
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3.6.1. Ap AP 2. F e g B o feyg A
ik LR R B S ER HFSE RE k 2 SR 38 5@
* SIFT i # i o i %7 LBl - 4 B 38(d) ¥ § 15 RANSAC &3 {8 7 ™

REFEY A BRI WGHBRES AR RBRRT AT HARLIER
A

BAEe AR ¢ AL EF o oW 38(e) HrF o

43

doi:10.6342/NTU202001782



(c) #fgr $h5 % o FAUS Bk b 3

() B b it &

B 38 SIFT & i 87 3 B
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FRRBEGLFROHBETEARRAT LR S RIF R4S PFHREEET A
B34 A E N ot - k4 3 €3 RANSAC & 3F 14 chp H¥ e #3850 % &
ERPGIHBEUPEHDBE RS L od U 22T BEI P PAERP hast i $t
A i w AR S ARSE AT RN - AR PR B R P s £ SIFT
FE R E GRS LERE Rt H X B R s o MRy g T S
Arengpe o LR F - AP GFRFEZ R AR E L OE BEEL AR

R B P AR R AT 0 F R Y %

FI

TR TR HA G R B E Y AFR LR R bR

Tt 2T T e BRE AR RPEFREEEE 4oR 39 B 40

-

S 0 A BRG T EE hE RM AR F S AT R SR £ K5 S E o R
&ﬁﬁﬁﬁ%ﬁ%?ﬁﬁyﬁ¥’pmwﬁﬁ;ﬁvﬂfﬁ@ﬁ s IRIE LB B s
Sk ¥ T L AT e s 0 B AT E e H o B EATES AT HRG
R AL R o AR £ % L 10 R o

APFE ey a2 29 > @ SIFT 82 en@ iR 2T HRE B
# % SIFT-based = ;2 » @ 1} i #rd% @ * Py $H i s Pl P i 2 1F

= FEE 0 A5 seedling-based = i
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(€) A¥ =7 ® ¥ (d) &£+ 7T %P

Bl 39 A7 b RB2 PP ENFHH

(@) Azt ®F (b) A+ F RB

OF: SoEk- 2= d) £ T R

Bl 40 A2 P R 2 BB ELSE
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(a) SIFT-based z_ 7y ¥+H8 & % (¥R 2

(b) seedling-based 2. #-u ¥+ & % (F % =)

Bl 41 R B F ke My AR L %

IS

=

41 ;

Y

HReHF ke o HBSRErfifo 8§97 cmd Fas u

N
+
=

Sl I RS A S o T N i
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3.6.2. % 3B ot I P i B2 0 Ay SR
(RS EAIEES A SR EAS SRS SR eSS0 S R &
51T # (translation) ~ ¥5*x (scaling) ~ *z g (rotation) ~ 4845 (shearing) E

MLREHPE o d RS GRS TS FRHRGEF AR

(resampling) © 4] 42 #777 > § MG AL ATPHRPF 0 B Ak - RGP gk
FE R A R AT R AR B AR AR o B R
BT h x dwi oy Gtk ad 1 fGpangd

/

]
\( ]\

1px

yy
v
"

//

Bl 42 B i & 377 3B
WSS RP G B > 4 g4rH 43 2§56l oA B~C 5 =3 %]
AE o TR S 300 kB Y CABSBC 2 Bt G = A2 - cha A E A
AC 2 B3 =2~z -d FEF FEHACEFRGP B 7 5d d f&3 A E
- AC ERHREFESAR ¥ - AN EE5E AB~BC 2 FF el ff 42 & o

FHR AT G LY - PR ET 6 B AL S - B (path) A B R
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BTG L SRS B X T A TS (A>C) &2 (A-BoC)e(3% 24)
v 25) %—’r%’ﬁ“r‘ AR THE A BT C T e hiEs e HY o Hyg HE A

a2 B AT e ol BiEEL > e e

BE- (A-0) A’ = HpcA (7% 24)
iz (A->B-0) A" = HpcHpgA 3 25)
C B A
j 200px
) 100px -
) 200px -
) 300px ]

Bl 43 %P2 B endi on W

W R A § R AR R R E o R E e R R

FENERRARD vy P dd 1 R anEd o RIS RS- RE TS

P

<
)

X

Y
¥
1"

A EREL > B ER TRV Mo P BB BRTA S R
Fagpdoffi o x 2o 360 (0 26) AR EAPGHBRAEL 2 v 1AL o
A

1 px xpx_ - w3
= X =———"
EHELTE HETE EFEERE

(3% 26)
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MTEAB LRS- (A>C) ZRIES (A>B-oC0) & A 2a3TE Y o

X Ao
ﬁ;\—_z—-:fi— i:i:}x:@:
100 300 100
B 4T - (A->B):
1 _xab
200 300
(B-0C):
1 _be
200 300
(A-B-(C):
300 300
x=xab><xb6=mxm=2.25

Moy Pl FIMEERE S H AC BER I RTEFELR) -

d Pifn G+ PRI R AR EZ ERF R RS T
WAL EREZ ERFRFAF S Fp g AC 2B A AR A->C &
A-B->C A fapjivda=,t ZREFEHF L rpgBC ZFeanE ¥ 5 rpe

LEE WS L rac P REEERT 2 S R A R T T L BT
Pz ER -
BOORRBEE M R ORCER TR I RS PRL 0 T EER LT
T R OEH RS EREIEE ) AT MAp ARz SRR ABC ¢ 0 BT
A-C) &FFHFRO N FLHRE RIS (A>B-C) E£FFHFE
2 N F LA EE o RS RS A ANBNC BB Ry iHRERE -

M RERA B ERERRS G B T LR OMA Y BRI B
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o B o MM G BT EF 2R FEFRE A - LB
BT - SBAABGEELI T - Bl AT A F LRSS ML
(weight) 2 2 Fad S0 r A oa @i ) 3 P, » oo
L - FE P

P == {rlz, . T'(n_l)n} (;7\‘ 27)

PR TEPGSY RIS P @i AERT G A S L s 5 - 34 vk E(P):

n

E(P)=1_[ri LA pep & 28)

i=1
ff){):‘;{ E} 11 E‘Jé In ﬁjgﬁ’#}’ ﬁ;éj& < é\' :z;‘ S ’ .E' #[‘355 :l'l L_’f"ﬁ’;,?f_é Ppick’ EIIJ Ppick ¥

- v

E
Pyick = arg max(E(P)) (3¢ 29)

KA P it B 3 A TR AT MRE B s —logro B (R 27) I

(% 29) B:ei (R 30) & (R 32):

P = {— logryy, ., — logr(n_l)n} (3% 30)
n

B(P) = ) (~logr) » # ¥ (~logr) € P (¢ 31)
i=1

Pyick = argmin(E(P)) (3% 32)

ot — ko TE @ F BEELT IR B 2 (shortest path algorithm) [55] -2 5k §2
A T ¥ - SRR i * /S o B 44 5 SIFT-based ¥7 277 7 4% 12 seedling-

based s kB E ¥ PRE -
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(a) SIFT-based 2. 35 & % % (b) seedling-based 2. 37 & % %
Bl 44 %P FHIES S HRE
R SR GIHEE > TV W - | &7 2 seedling-based Ay ¥ S E
BAP PGP v SA R T E 2 Ry T ot 2 b LR ER AR E Z R
G A~B~C ? 1 (ANC)—B HHEFRAYT HBEIL  IoR 457 hf ¢ T BT
FoeEAMA® CFEEI B ARTG RS BRGANE - BETH AR

A~C ZAPEEHED AC B X {ATED PRy TR o
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C

W 45 = ER i B et o7 4

Bfs o ¥ By F T - Ry IR AVRBRE G  AoB] 46 HToT o

HP s @y Tz Lo 7| (list of dictionary) 9= i > F L bty it
Bl me e fu B o B 46 chfw 5 6|0 F & ¢ o key & value 4r
10597 o

100
150
200

5 Mg

Key Value

id 2632

DSCO07280 | (4331.97998046875, 93.12689971923828)

DSCO07281 | (4113.54150390625, 1325.869384765625)

DSC07282 | (3842.94580078125, 2642.796630859375)

DSC07283 | (3610.10888671875, 3870.538330078125)

DSC07281 DSC07282
DSC07280 — DSC07283

Bl 46 H prf:w T & B
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Yr® R%EFEESG

413 HFRRM
411 B FHRABFH TR

AT R T LT % 5 St SHL 4 S P (GEOSAT
Acrospace & Technology Inc.) #% -3 g3ty @ @ % o H P » BH T2 Jpfkp
B 52017F 47 6p dpdEr 25 ¥ F R ¥ 23 (24°57'07.6"N, 121°01'41.8"E)>
# % 2 ApH8Al5L S Sony a7 ¥ E AT > BRRELITFAI L P 35 o
40 2 BRTETpE 4B 47() ror o B Y THEEEFFROE 38 2% F o
Wl 47 (b) BT o T2 B Aol 48 0 R 79 % - e
BEdFwEF fE (6000x4000 §Z) > & P~ fE4E (ground sample distance,
GSD) 45 0.72 24 /fck « B 49 5 ain it i » B & 90 % 40 W2 4 W
(mosaic) » B 1§ f247 & 5 20771%x21425 §F -

Above Ground Level (m)

39 \ KM\

o N N ] P &
AV A5 F &S o508

-~ height -O- average

(@ 2 W RN 7 ¢ FRizide (b) ZHpPRER R - Xgha ki
2t o (8 * Google + B] & ) BEoYhiBF3 R HOR o
B 47 7HhBRETBEREF R
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B 49 S ik 2 YR
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4.1.2. §67 RBHA

ARG AHE 50 () 120 FFRE LT BE RGOS B AT R BT iR
VR R AN R E G h M AT R e BA R ERE LG A% AR L
WERZ B EWAT A FAFD 2R TR (B 50(b)) RIS FER 2

FOog el RO Ry AR RS TR 20204 13024 [56]

(@ #5 % Hhz fen i B (b) A T 1 &
w

50 fen 2 5 414 W

4.1.3. R %P1

AT AAET BB B AT R AR R Ry RS BINA
R % 0 LG A AEIIE S0 (a) 120 AT PRI ZHMITS R R Wik &
= A2 hoB] SIe P peu Rge i A Gt Ao 2 B 49 SRR TS B iR - o
AAEE REBGABIHY R AT EE GG 165 4ol 520 2P 12
5E % B @?J)\;%ngu ¥ oh 4RI KB %f&ﬁﬁ%»%@ﬁﬁ%%@d o gLtk g E AL
Ferfe R gd 16 FTRERGA T Een @ £ 20 %R 4oB 53 -
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S1 1 &P o & B

----ﬂ- i~
HEAE OB RN E

B 52 AT BRI LW
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o 1HEsS
H IS en = =
_§/ 8 1 0
N

(b) ?L;fg;r) T 2o B

"l -m

(a) f&o R ik

Bl 53 A s Rk R i

42. RT3 N REGRP

Pl S ER LA R EFRP cFHRAL A S S0 4B fET
FERGABR R Ay GRF R AT RERR NIRRT AR A WS
AR &N & 6 2% &L (confusion matrix) K3 E R4 HmR
(precision) ~ . ® ¥ (recall) ™2 % F & € & (f-measure) °

% 6 RAELL

L

3R

Rl

H & (positive)

£ (negative)

R

% 1+ (positive)

EB (TP)

Bt (FP)

£+ (negative)

iz e f2 (FN)

I 1 (TN)

(5 33) 2 (5% 35) P hfRiir B Sod AT Y RY R E 0

B s BB RIS R e E o
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m A Rie F

REEIE

TP snp e
recision = = Y
p TP+FP  wilis b 1

L TP BB s 3
T TP YN T g mpp ?

2 X precision X recall i
F — measure = —F — (% 35)
precision + recall

¢+ Brr R (accuracy) iF 53 Eip itk T oo - Rl T

ERAE S F PP E S S G T ERP o d T AR %

Rt R R A RARR 0 T A 05 3R

421 #9 BB HGA B2 TR N

FHLTE GRS HFER 2P F R FRAEE - 1T 3 RHA

(=) #RBHL e fon B R G F EE -
(=) FFRIB D 222 fon Rt ifd &E -
(Z)EBKE: ~L2 489 B N2 for BB ORGZEKE -
4 )’I.%{#ﬁ;/w\ Bafen o FRL S AR L AEe ik iE o
(z) BHM D BAM Lo BB ik 5 2fen il i o
() ZHM s g s bl > F 82 ihie i 2hee i d kg o

() B AR S e o B ke S few iR g o
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4.2.2. Fey 8P| 235 3 N
%E'VFLIP:}FI*EF‘H: FERE {,.W’
(-) REBE

(=)

ARl iR o

RRIE N R R Ry R o

1 E FREE - M7 5 FHTE

(2) BBE RGP R § g Ay
() GHME R EATDEE R %3 Iy alikcE o
(Z)EMXME ME BT HRY B

(=) I

4.23. 5 s 7TH 3 5
P2 ERdpih s BroR - 355 2 050 (GY 36) 0 vt E R MRIEEY L A

Y Y ST R

& 36)

Accuracy =

424, Fy $ A2 323 N
FHLTREEE T AP (B 37) 0 R R R RO R A
AR R AR -

F ey HHE — fR ey ik

;¢ 37
ol R R S )

T =
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4.3. %9 BB L HR %

431 2 A Y3 22 FH%ES
ARG R B2 f50 R E R f50 REPEFVROE Y SRz fE0 BB
FEASEA IR BTG £ L% ML FRIEEE F 4o 54477
vod L AR RREEESEY REOVE IR RE EF L ARA B
Hiefen HEd TEREMTE AR I 5 AT R R ttfEe R TR
g £

BHERE e s hgmlmeE 23X Us FREEEL T B 558 £ 7=

S ENERP G e s BEE QG2 A 162 & 18

[l B [lre

(a) Ws (b) Fz (c)SL R

Bl 54 A B4 % 2R fen B2 )
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[ precision [Jrecall [ f-measure

100.00% :
98.00% :
96.00%
94.00% ‘
92.00% ! -
90.00%
88.00% :
86.00%
84.00%
82.00%
80.00%
Ws Fz SL R
Bl 55 f&0 R RGA LR E2 £ HE
% 7 2 RFE 22 TEMEY RERGAHES

R precision recall f-measure

Ws 92.02% 99.66% 95.66%

Fz 96.26% 97.88% 97.04%
SL R 95.26% 98.04% 96.62%

432 f69 R BRHALUREHEG

i & TPHER=FE> 2P s %% FREEE S & 95% b o 11 pt 2%
SR AR RRBGABY PG A B Ik c HER 55 #A T k4
FIFz 2 SLRePRiIEHE L B¢ 2428 1% & £ RApET Ws % o Ws
MRS RO FRRBITE LT 0 LHARAPRY P FArgrEiny 248

TopT A AT A AL RB PG A T AN BB S e

o

FE - A s SEESTEL B s EA e e Ll Fehd iR 4ol 56°
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(a) A &2 fon & (b) » B2 fen ®i (o) HiRfefen HEVR
(EFEL ) (EFEE )
Bl 56 Ws f50 % 3 8 i 2

E*Fw 2 SLR BHmASE L ¥ 512 Ll 4 Pl 5 A BT M
FEA ER e AKFR D400 RRPGAS MSRFMANE 2w F o7 R
FEREY S E LR BRI Ao

x;rtgbiﬂ CF R s AR A D 2 R RS LR R TR
208 LABMEZ T BT B S8 W 59 5 AMELRARE - mERY
T HR AfEY REA LA W R A S e F LA KRREZ AR
MARFTHE O EIAF I RBETR LY ARG AL - G RBE

Fadg BEEAGERLFELET RBONMAHEF A EPFF - @ % Fz{o SL_R #7
ZFER % o> wd B 577 50 SL R ABGF BB R ET R

ARG BELRE 58 B 59 I SL R &41* RAG & Hpad ApiTensd R &

F 8 AR TS R P KT

D= Ws Fz SL R

+ H P EE 23229 115.5 151.4
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250

200
150 ——
100

50

= "'*‘( I

Fz SL_R

Bl 57 @* Fz 22 SLR2 3 %¥&E £HE

mSLR EMFz BWs

o 130.66
fem % MR “760

e e 2.77
EEEEL I 348
. ] 207

AN A RN

B w 151.70

125.82

A 3] SR P 67.07

BIF % 22.96

0 20 40 60 80 100 120 140 160 180

Bl S8 LR EZPGEER

BSLR WMFz mWs

C e v e 125.82
|+ R B RER o 67.07
-8 WA I T — 67.07

. . o _________________________ | .
ﬁ}@/@}%@_‘l}_ 103.88

M 9.86

0 20 40 60 80 100 120 140

A

nv:v

Bl 59 A&+ % LR ZAGTER
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= "'*‘( I

4.4, Fa 1 RIR %

441 % F w9 B dR2_fey PR E
PR R AR A 2 S A IR R 0 3 B o gh R 2 Sl k1R

fom ®IFP ey o F B WA I 2 E Gray (FAHBRE > His

MELERBREd W - R T R E R IREEN R AT NI A RS R

Vi R R £ 500 X 500 fhE 4 ] R B PR AR S S 0 4Bl 60

S A PR R B¢ o B RS A B BET B 3-427-8210-12¢

Bl 60 5= F Sl k 2 Pk R E

Y@l 61 (b) i 0 AFTEF ANEHE T A IRy CE FAREE R
Lok Pl S ey TPERRITHUTET 5 - ey o doB] 61(c)c B ¥ o
Wil L Y Ry LB o RN ES R e Ay R E R
AR - 2R 36 ARG TR T <100 TR E ey 2

X~y BRIELFEF A I0F L BB -
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(a) P B (b) * 14Eze2 ey () MplA SRy

B 6] ol R Ay RS

Ry RS RAcB 62 B 9 rm o A KRR P Bz m il Pl % A

a2 A 1931 4 25

[ precision [Jrecall []f-measure

100.00% =
90.00% ??ﬁ Q D?ﬁ ﬁaﬂ
80.00% o

70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Gray CLAHE  ExG ExR MExG TGI COM2

B 62 #u W plRE%2 £ 5B
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09 fu il Tk

T fed R precision recall f-measure

Gray 89.12% 88.94% 88.99%
CLAHE 82.52% 83.31% 82.74%
ExG 79.86% 97.75% 87.53%
ExR 90.40% 91.40% 90.65%
MEXG 95.56% 87.63% 91.19%
TGl 96.15% 91.96% 93.84%
COM2 95.75% 90.03% 92.50%

4.4.2. B R %% 3w
4B 62%% 9T I @ ¥ CLAHE 7 §#2 ot i bk » L% 5 5%

b R PR BRS04 63 ST o

() B~4% % 32 (b) CLAHE 7 &2 # i (c) A4 i 5% %
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BEARTINEE E AR Y A ez P RIE 2 H GRS R e
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# 11 Py Eisf ki *

B~ RS et /e HRsessiF®  accuracy
DSC07281 13837 13828 9 99.93%
DSC07283 10331 10295 36 99.65%
DSC07285 7785 7782 3 99.96%
DSC07293 5771 5715 56 99.03%
DSC07299 13147 13022 125 99.05%
DSC07300 12351 12189 162 98.69%
DSC07323 12100 12063 37 99.69%
DSC07325 13682 13583 99 99.28%
DSC07327 12290 12049 241 98.04%
DSC07328 7962 7860 102 98.72%
T35 99.20%
d & 1 7P RATERETHRDERAERF > T57 i 99.2% B L

:]‘—g;-/\;{',),’ ’ﬁ 98% V) l' o Iﬂaﬁ_ﬁ’*f\?q i ?j;_éﬁt‘ _ﬂT_l;EE"'Qj‘L\ﬂ}'_f_P » L B, ‘&f’%} 66 t"l-i‘
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(a) #&0 B BV 2 (b) fem B4 T B2 B

Bl 66 fo0 14 FB v &8 2 F 2 fhie it s

4.6. #u B R %

4.6.1. 4p B8P k2. T e 1A

B 67~ B 68 22 % 12 % SIFT-based (¥ P& %) 22 seedling-based (F % ) %
APER G R enfey A S % B9 g Lo w LA Ry a s
P PRI HAZ YR d £ 12 VR * seedling-based * jE fre ¥ 1 enfh
Wit E o Ap#t SIFT-based = i3 % F Hi4eonk » @ 325 fw $HH 4o 15 B 1R
Bk v BTN G IER 5 26.17%  BoA 7 iE 53.24% (B 67)0 B 4 T i 9.37%
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(a) SIFT-based 2. 7w #7% & %
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3012 ApASEL 2 B ey A R %

31?] BT AP AR B e SIFT-based  seedling-based s
DSC07279 DSC07280 2864 3285 14.70%
DSC07280 DSC07281 2708 3693 36.37%
DSC07281 DSC07282 2457 3765 53.24%
DSC07282 DSC07283 3714 4596 23.75%
DSC07283 DSC07284 2668 2918 9.37%
DSC07284 DSC07285 874 1045 19.57%
= 26.17%

4.6.2. % %Pk B efey 1A

PR R ANBC TR RHRF R TR 362 TRZAM
BITEFTR S HREZR YR (A-C) EFEHHAR > R EL & BRI
(A>B-C) 274 - B 69 2H 70 2735 ABC L & Rz #HRle
BAEBR T HAREE R o B % RS W L 2R ey B
@ B 69 (b) 2@ 70 (b) RN FEF MRiFyES ABC vt 4 13 24 15
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+
~

13 AB #w $& % %

B~ FHA BrERB o BEC

¥HER e

P

AB 79 ¥ AB -9 ¥

DSC07279 DSC07280 DSC07281 2118 3141 48.30%
DSC07280 DSC07281 DSC07282 3383 3211 -5.08%
DSC07281 DSC07282 DSC07283 2386 3299 38.26%
DSC07282 DSC07283 DSC07284 2850 4333 52.04%
DSC07283 DSC07284 DSC07285 1495 2833 89.50%

= 44.60%

% 14AC Ay $HE 5%
¥R e e
ﬁ;f])\;%?f%;A ﬁi%J/\%u’g»\B ﬁ%lxngg.\c , , r
AC #a 4t AC #u ¥

DSC07279 DSC07280 DSC07281 1872 1324 -29.27%
DSC07280 DSC07281 DSC07282 1203 219 -81.80%
DSC07281 DSC07282 DSC07283 1754 1623 -7.47%
DSC07282 DSC07283 DSC07284 1335 1228 -8.01%
DSC07283 DSC07284 DSC07285 1251 288 -76.98%

= -40.71%
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# 15ABC #-u $H8% %

R e o
B~ FHA BrERB o BEC .
ABC #% % ABC #% %

DSC07279  DSC07280  DSC07281 787 1324 68.23%
DSC07280  DSC07281  DSC07282 480 219 -54.38%
DSC07281  DSC07282  DSC07283 761 1623 113.27%
DSC07282  DSC07283  DSC07284 681 1228 80.32%
DSC07283  DSC07284  DSC07285 250 288 15.20%
T35 44.53%
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i

# 16 Ws 2 f&9 J 38 J2 s 25 %
B s PR R A e s f TP A6 precision recall f-measure
(%) (%) (%)
DSC07281 1.94E+07 1.89E+07 1.89E+07  97.42% 99.83% 98.61%
DSC07283 1.66E+07 1.57E+07 1.55E+07  93.53% 99.02% 96.20%
DSC07285 1.17E+07 1.13E+07 1.13E+07  96.45% 99.78% 98.09%
DSC07293 8.59E+06 8.07E+06 8.04E+06  93.59% 99.56% 96.48%
DSC07299 1.88E+07 1.74E+07 1.74E+07  92.36% 99.87% 95.97%
DSC07300 1.80E+07 1.66E+07 1.66E+07  92.30% 99.78% 95.90%
DSC07323 1.92E+07 1.72E+07 1.71E+07  88.91% 99.34% 93.84%
DSC07325 2.00E+07 1.77E+07 1.77E+07  88.50% 99.96% 93.88%
DSC07327 1.72E+07 1.54E+07 1.53E+07  89.06% 99.62% 94.04%
DSC07328 1.11E+07 9.78E+06 9.77E+06  88.12% 99.85% 93.62%
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% 17Fz 2 489 R F A B85

AEFET A B s fE TP o

B mEe precision  recall ~ f-measure
(%) (%) (%)
DSC07281 1.87E+07 1.89E+07 1.86E+07  99.34% 98.17% 98.76%
DSC07283 1.53E+07 1.57E+07 1.51E+07  98.67% 96.20% 97.42%
DSC07285 1.14E+07 1.13E+07 1.12E+07  97.89% 98.62% 98.25%
DSC07293 8.04E+06 8.07E+06 7.75E+06  96.39% 96.07% 96.23%
DSC07299 1.72E+07 1.74E+07 1.70E+07  98.73% 97.72% 98.22%
DSC07300 1.73E+07 1.66E+07 1.64E+07  94.94% 98.72% 96.80%
DSC07323 1.79E+07 1.72E+07 1.69E+07  94.37% 98.43% 96.36%
DSC07325 1.91E+07 1.77E+07 1.75E+07  92.11% 99.10% 95.48%
DSC07327 1.60E+07 1.54E+07 1.50E+07  93.93% 97.43% 95.65%
DSC07328 1.00E+07 9.78E+06 9.62E+06  96.18% 98.37% 97.26%
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4 18SL R 2460 T 8 8 s 28 %
- A FHER AR FEge s TPE A precision recall ~ f-measure
(%) (%) (%)
DSC07281 2.00E+07 1.89E+07 1.87E+07  93.46% 98.98% 96.14%
DSC07283 1.59E+07 1.57E+07 1.55E+07  96.98% 98.47% 97.72%
DSC07285 1.14E+07 1.13E+07 1.IIE+07  97.64% 98.34% 97.99%
DSC07293 8.19E+06 8.07E+06 7.88E+06  96.30% 97.69% 96.99%
DSC07299 1.81E+07 1.74E+07 1.68E+07  92.52% 96.33% 94.39%
DSC07300 1.74E+07 1.66E+07 1.64E+07  94.21% 98.33% 96.22%
DSC07323 1.83E+07 1.72E+07 1.68E+07  91.88% 98.12% 94.90%
DSCO07325 1.82E+07 1.77E+07 1.75E+07  95.80% 98.54% 97.15%
DSC07327 1.55E+07 1.54E+07 1.51IE+07  97.30% 98.18% 97.74%
DSC07328 9.87E+06 9.78E+06 9.53E+06  96.52% 97.42% 96.97%
% 19 Gray 2_ #-w 1§ B % %
fem R WplEE 7 5¥¥k®  TP#cE  precision  recall  f-measure

3 235 244 215 91.49% 88.11% 89.77%

4 292 269 254 86.99% 94.42% 90.55%

7 244 249 195 79.92% 78.31% 79.11%

8 248 244 223 89.92% 91.39% 90.65%

10 215 226 203 94.42% 89.82% 92.06%

12 225 226 207 92.00% 91.59% 91.80%
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# 20 CLAHE z_ #&-3" {8 P % %

fen H WplEkE 9 %%&E® TP#E  precision  recall  f-measure
3 228 244 193 84.65% 79.10% 81.78%
4 251 269 204 81.27% 75.84% 78.46%
7 273 249 196 71.79% 78.71% 75.10%
8 283 244 222 78.45% 90.98% 84.25%
10 207 226 188 90.82% 83.19% 86.84%
12 236 226 208 88.14% 92.04% 90.04%

# 21 ExG z_ #=w 0 )% %

fem Fx WplEE 7 5¥¥k® TP#cE  precision  recall  f-measure
3 323 244 237 73.37% 97.13% 83.60%
4 305 269 268 87.87% 99.63% 93.38%
7 378 249 243 64.29% 97.59% 77.51%
8 243 244 240 98.77% 98.36% 98.56%
10 275 226 217 78.91% 96.02% 86.63%
12 291 226 221 75.95% 97.79% 85.49%
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#. 22 ExR z_#-y 1d ip| 2 %

fen H WplEkE 9 %%&E® TP#E  precision  recall  f-measure
3 254 244 228 89.76% 93.44% 91.57%
4 300 269 260 86.67% 96.65% 91.39%
7 256 249 221 86.33% 88.76% 87.52%
8 278 244 241 86.69% 98.77% 92.34%
10 211 226 204 96.68% 90.27% 93.36%
12 189 226 182 96.30% 80.53% 87.71%

% 23 MExG 2z #5 f jpl & %

fen T WplEE 7 %¥¥%k® TP#cE  precision  recall  f-measure
3 259 244 231 89.19% 94.67% 91.85%
4 256 269 249 97.27% 92.57% 94.86%
7 202 249 194 96.04% 77.91% 86.03%
8 247 244 231 93.52% 94.67% 94.09%
10 192 226 190 98.96% 84.07% 90.91%
12 188 226 185 98.40% 81.86% 89.37%
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4 24 TGI z_ fow 18 p) s %

fen H WplEkE 9 %%&E® TP#E  precision  recall  f-measure
3 250 244 234 93.60% 95.90% 94.74%
4 273 269 266 97.44% 98.88% 98.15%
7 201 249 189 94.03% 75.90% 84.00%
8 252 244 241 95.63% 98.77% 97.18%
10 214 226 209 97.66% 92.48% 95.00%
12 206 226 203 98.54% 89.82% 93.98%

% 25 COM2 2. #-u 18 Pl 5% %

fem Fx WplEE 7 5¥¥k® TP#cE  precision  recall  f-measure
3 250 244 229 91.60% 93.85% 92.71%
4 286 269 265 92.66% 98.51% 95.50%
7 192 249 188 97.92% 75.50% 85.26%
8 252 244 239 94.84% 97.95% 96.37%
10 203 226 201 99.01% 88.94% 93.71%
12 196 226 193 98.47% 85.40% 91.47%
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