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Abstract

In recent years, the loss of rural labor has become a serious problem of domestic
industrial structure. The self-sufficiency rate of food affect the structural stability of a
country's economy. based on Prevention is better than treatment, actively cultivate and
promote the development of domestic agricultural agriculture automated upgrade is very
important. agricultural growth through automated monitoring and other advanced
farming techniques, can effectively enhance the promotion of agricultural production,
thus contributing to domestic agricultural employment environment healthy growth.

The system can be divided into five steps: training sample extraction, image
segmentation, noise removing, image stitching and growth rate estimation. First, the
system measure the impurity degree in the image, and then use SLIC (simple linear
iterative cluster) algorithms to build superpixel, and using the impurity degree of
confusion threshold to filter the internal consistency of superpixel as the training set,
then using the K-means algorithm to segment tea and soil. And then use SLIC (simple
linear iterative cluster) algorithm to construct more intensive super pixels to denoising
by voting. Finally, system using GoPro developed image stitching software Kolor
Autopano Giga 3.7 stitching segmentation results of different regions within the tea into
a complete tea segmentation results, and after match tea at different points of time
division results to estimate the growth rate of tea.

In this study, different from the common satellite image and aerial surveillance
images, monitoring methods to improve the shortcomings of the past, system using
unmanned aerial vehicle to shot images of tea garden. In addition, each image has
different impurity degree. system need to using different parameters to segment image.
system automatically selects parameters when measuring biomass can be more accurate.
This study was designed experiment to analyze different partition parameter accuracy
and efficiency of automatic selection parameter analysis of experiments. The
experimental results show the system can automatically provide accurate segmentation
parameters of good and provides reliable and accurate estimates of biomass. In the
future, long-term record agricultural harvest and the establishment of norms that can

help farmer and agriculturists to find the best policy.

Keywords: Biomass surveillance systems, UAV, SLIC, K-means, image processing.
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B BRF RGP EWNASE [23]- R0 AL T 25 2 EE SR TR F SR
AR T AR AR L R R R G R RS R R B
Mo [24] -

WE Fang[25] % A 240 @2 b R R Sl T @2 b Sk
Ange ERHE -BFA2FE(TPRHBAF BT IR AN 3 4
s Rt B 2 5 B Sl B S cM G o SRR K SN B F T
FI* B RGE LRI E > R EIRIBFE - ThE & o
BA g2 AW RAYFREOMET G R AARMEE B2 - A
MR ARFH R Rade {1t R0l 4 R BTt o 1% ik ah
PREFERESL SR RS FARF LY IR R DT ARLAF T
ZBfhed b p Ry FL e 2P EFTHEEBREIN MRS LA
BREEEFMR 258 aHAERBRINT U BPREFHSE W EAFTF
EXNAF EAHELERRAS 2 SREEFFR DT

o & RihA B Hpeens 2
B Benp 05 G SR AR B R 0k o R R R e B i
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BERELFEAATEE o A B 27 A 248 L (A)E %A 2~ (B)ik

A PSRRI N R TR R AT E B
S RE R B s 2% % o A Canny [26]4% O enif s R
¢ # j*%‘»’%&ﬁ#& kT ~d2 w2 s BEFeERe B2 o0 5 BTEOR R
BRE - BREFRBAORAEPR ENGEN KRG T 2 PP F2afly ¥
i £ PG Lg g TR MGGy (Tl 0 F
I L el A Y e mzﬁ‘i e H A FRENT - LT AR
B i o0 B F Pud % i3p(Edge tracking) 0 82 Ao s g ] MR B T HRER
Bo chifl ik > B 3w DR b oA Bl o sefa i RS 2 IR EEELT 11 saenif
BRI hifg o fe s > 2 2 5 g BRI Pl AL AR gR LY B 2 i g )

e

!

Wi

B

N

Beflin® & pF 0 7 3 SORBRER A0 2 d 0
MRl E > SHT R ORGSR §F R R E b
R AR s I E S A
(B) ihBhA 22

GBS B RIS~ B P F BT RS H R RS R

w5 e BB e 1 K-means i & 2 fo+ 2% B ;2 (Otsu's method) 5 &) o

N
A

s
)

M. Sezgin [27] € * ~ ijF B i A R A2 1 5 2 @ 1 oo F A A
Plhend PHBRBARCSHE I B B BF ) B 2D F o TR
FRE > X BN ER R PR A FGEY EARR

>E\-
H:

TRE o d WHERT G L ERE TR EAFEET N AATTRET R A
Foijed ATk Bl R T R B s B R B R BEE F L Pl g, v

TEGEMMFFARE PR RRRS
Zhao [28]# * K-means ;# & i & & &

‘_,

$i¢ Bijeo fié * K-means i & 2 & 2

PP 0 Jp gy TRl X 8 X 4 4 enEE ¢ (cluster centers)

o
~ h\
—

—

—\

h

BEP CHEE > BFFEE BTSSR EY iR TG A IR E
AT EAE LA EEY Sl 0 F BRI ENBEIEF BES
EARAHLRLLL
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%

K-means /i & ;2 81 & p A& &+ 2T HIEG AL EDTRE
T pﬁf}—',ﬁ‘%%‘u{%ﬁc‘ S RS R AR E Y ST TR o 2 F R iR
R E RS > F A WBRET BELRN DT LR LB E A BB SRR A
A EZE AR A Y 2R T A E A EEKE P A HEKENIEEE
E=3 20 WES — PR R S ol e
(C)Fe 3 & 212
B AR S R A e hfE S B w B HRAE 0 R AP T B
TAEL > BV EAEN LG BRI ORGA L o P

e

PRI

N

SLIC ;% & ;2 (simple linear iterative cluster) -

Achanta [29]#% &1 9 SLIC i & 2 2 & * & 2 =4z & (superpixel) - 7 &£ T &
AR Sl G B hd UG ERSL R > ¥ AR BN THF:%‘;L&’:H e
B RS AF BT ROYF IR ER DRI BT PEZES B
&mkﬁ’z*w GRS - AH T E SN BRG] )
N@BEe w3 5oz 8% Fled i
e gl g hBRAR A AR S £ AT I N BAT G 0 LATRIEY v Lk
|fcac - SLIC B2 hipBE At e 8 > N7 & - B4 N> 2 4
FALGF - E’z’iiff";%?f;‘%f A Bk R BEE ARG E BENE &AL
AR YRR ESHR ARG BN EE €T RBPEIP A B g

G

e diE EATEIIN BRAGY o REL M

Yot F B ET

FE P FEH > A7 I K-means iF & % 22 SLIC j§ 8 2 % & = ¢ SLIC-
K-means i & /2 i& {7 8 s 2] o g £ 41% SLIC jw & i2 Bt &~ + N B A2 i
IR R FAZ A (entropy) W o4 p Bt B D & R B B L Tar #3E N
BARGE CHESFELFTREER] OHEEFET Kmeans g 28 Y > &
Al AR R 5P R R A o BB B (7 K-means i & 2 18
2w plg s Ao R e A R B R I T R R (RS i)

FREL R TRRE AL > B FA ML { SR o
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¥- & Aspen
R RN S 2 R E R S B Rt S R A R
ERETE EEOTR FIT B LY PR HR G EPRERF LS E
AR TR RSB BN Ll B BA RS R RAE L
¥

ﬂ'l‘
FPAESAE AR ORY > FH G FEFRAFOER S f ol 2o

Y-8 FIRBEERA
AT RES AR 3L HRRET LBATT 0 EE RS oA LR DR
Bl B RES RBTEFERIRFREE A E R Do ﬁa,y oga Zer
WP G EEES X B AT R R AR (¢ TR T )RR AR
BorwREI FEROREFFT R t$w’$ﬂ‘“ﬂ? FleT £
30% &t ﬂn\%—ixm}"", P Mg BiE W RS IT ik AnEl o ] 3-2 %K A
TAB PR kR e B 3-3- B 34 i o B 325 Y PSR A S F

[y

3] 31‘*‘5&?& 7T % B
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B 3-4 5% x & B3 AR R
Bft - AR A RERE - BT RS S oo 4 USB i B L i
2T R e TS ?'Ffﬁév’ﬂ%f‘id%;—] P E A X RS E A HERE 0 X RG an
PRGBSI o f c BARGL R o e ARE > - BRSSP DT oo
2R FRRTRES é‘p’]a‘%%f%aﬁ%?? s =R SD AR Frp A

Fn TR BT » AN TA - ST R LA
B 33477 2w ABIG 2 HFHGE > B 3-3@)F R FAHETF 24
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W EF B 33(0): W AFFIER 2 hFES B B 340157 ko
WERFTHS B 3-4@ w2 RE =704 B 3-40) 5wz R F

TR A o

=8 Lo

Bl 3-54RF N4 P& TRk Sz AR



AN RER A AR 0 AR A G T BARSHIR 4G
training sample extraction ~ image segmentation ~ noise removing ~ image sititching £
growth rate estimation - #+ — f@;ﬁ%’\ Yok e+ B ﬁ% s PR B €
s F & aE- Heah o

PR Es tS € LR JRARR ¢ training sample extraction R4 0 A& o B &
P By r Bif? B RARSREEYT do DR - SRS (%
R A )RS o A A A E L g~ B A AR TPp AP EL PR
o £ 2 1% SLIC 5t B i 44 » B B 5 N B superpixels #f e & e14 B ffeo
wER F\’#ﬁ% »FR AT B R F - 9 RGB %2 B E Tvar ¥+ N
superpixels i& {7 &5 o 7 & iE {8 % £ Hedi] e superpixels 7 7 4 ir;ﬂig?l -2 N
superpixels e’a’ﬂd‘ﬁ% B o

Training sample extraction 2_ {4 » % %% ¥ i& ~ image segmentation 3% 4~ -
Ao Fpend & P et 2 RAgeE f SR 0 R R R R
S ¥ 2L #-training sample extraction 2 {2 i T % £ superpixels ¢ RGB ¢ 47 %
Bigde s HSV ¢ 42 B > BF @ % Kmeans #2245 7 K BE P w o d 3 %4
Bl FAAME B > F AT A RPN 2 F Y AR R g ey
o ST R EY CRARZF R ESE vy TR EET RS
160k S A S S M B s - BB R K BE Y s
PR 5o 300 45 DA B E T Y o o 4o B] 3-6 47 0 B 3-6(a) & B

™

é“
T
¢

¥ i B 3-6(b) % HSV ¢ 27 B ¢ K-means if & 2 chA ¥ 8 % o B H BT H#H

\Y
1

0.9

0.8

0.7

0.6

(b)
Bl 3-6 HSV ¢ &2 7 B & ¥ % % (a)input image (b)K-means clustering 2. % %
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o B GRS R B

%38 K-means i & 2 #g8~dim B 4 218 0 B ifns

W
4
#=
3"1
g
>
e
’K‘
A
¥

N

Lk S F & 54 noise removing H Ff K3 g R i o F L LML E ST

3

L ok 3B Ui £ hsuperpixel #c8 N0 3 2 @ % SLIC if 5 2 &8s 5 N
B superpixels o £ % x ¥u4-¥+5 B superpixel i& {74 & » 3 % — superpixel ® >t
R A il ghde oo R E B superpixel AL 5w B p % o £ 20 F R~ superpixel
B ¥ B4 2 enifBhi S > PIE B superpixel jFag s 7 -

iR R Vajﬁ%] B B A BB % fs kit 4915 4F image stitching #-iE

Ei

DR JRTR N R L £ 8 S cE A IR R T 2 B I
AR G R R e T iﬁﬂi#&@éﬁﬁ/\%?*@_f%\ ERC R
FRESHGE - TRV UREBRDOEEREFORAHEFR o TV A
WEREBAPGE G A R OP RS FLF P HRCB R EERE Tvar 27
s superpixels T #ic N &k G2 thos &) o #9712 % Sel- 3R s 2] 5 = &1 B 1t 4
BBE - BICALBGAL - R A EEEE -

FALARERBBEF SPGB ETRAE L F R THES LT HEA
T Ao f AL LIn F AL & WE S iy~ B AR TR BRF L K
BREERDPGREL PR B AR5 R R EA2ESHY &
By Reribant GlE S g R BRSO P RS

¥ % suif 4B growth rate estimation 25 11 3 e pF R BEATHEES ) b
LEEWMI T LS FLINRTEN- BERFFRS DL EEHE - %
PERREL A B S RREd > AP L7 N RE Y B bR e

Ak EE TR P EHE 0L R AR wTV LR R -

d 3t 3R P ffeeh superpixels sha BB % T a3 AR 0 YT ER AR 5B noise
removing 7% 8t b — 1 superpixel p e% i R % MR- R o e £k B R
FE B B AR R R S SRR e R e o - R
PFRRSE o B S5 B - SRR A B2 % Bl MR B R hiE AR
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THEZR2 % - HpRERAL L

AR B B A RIARGERBEG

ZREEBRhAERRS OL

S SR LR

CEECREZH BEAREEGIRIARTE G
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4% FAU R A D SEcL T

AR AL FHERIE AT RS RDS > AL ST BHI AN LR
B & 3F (training sample extraction) ~ 2 i~ 2] (image segmentation) ~ 3 '*,f 3231
(noise removing) ~ ¥ 54 & (image sititching) ¥ = & & % 2*-(growth rate estimation) -
LHBOE B AT A NG T AR E - E A EVRE D E
(training sample extraction) w3742 - &% = & 4 5§ ifs 2 (image segmentation) fo
M F AL % s221 (noise removing) ‘m ¥Ry A2 o & ow & 4 B R S

(image sititching) ‘m3Rin 4z o % 7 & 4 %2 = & & i3 2+ (growth rate estimation) fm % ;i

12 o

¥ - & W E «hdF i (training sample extraction)

VIR PEE 3 & 9 L (1)iR § 42 & 3= (impurity degree measurement) ~ (2)
AZ & 2 H(superpixel construction) ~ (3)3= & f* 4¢ i & #% (homogenized superpixel
selection) ~ (4) % #ic;&- = (parameter decision) » & & & P& 34 {7 # FrRevg o A G (AR

2 mpARR R~ (B) ARG S e oE AL F ER E (C) Sk T hmp o

(A)F 2 R AR =0

ROOEHERD Rl BORES gz P R B ERDGERE
Tvar? % SLF & 2 FER SR P8~ B MR RA - AP R R - B
R A REE s Wi R AR

K S F R LS B R R B4R E v H B * RG-
B = i channels shifBh @ A W3 B MR P AER L £ F R AR RF IRAELA
3 R R B OIT R (B ST - B K A ek B E R Tiar o %)
S R ERTERY A ERFR D R RS BT RARR 8 25t

L

M N 8 o
22 2P =1, )
E — i=1 j=1 n=1 NOP (41)
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Hoe M‘Nln\‘%'lif:\%y\ﬁ L BN DRI Z B %17 % 7 enif@h2 A F
o piVRIE 2 S FERARERGS B0 E | Ak B B g
A PEE > n=1~8 4@ 4-1 #r>v » NOP B 4 gi,?] NN L 1N %

(i.j)
y

® 41 piV e 7 R F

(B) ALkt ik ER

AT AT F E fﬁmﬁ e ® 3% SLIC(simple linear iterative cluster);# & % #-
WA A A SRR M AT ] R B 4E2 5 superpixel  SLIC i
B2 end 72 V4o T 1k SR B8R ~ G~ B channel & B &8 Bt (X,
)
&%*ﬁﬁﬁ%ﬁiﬁﬁﬁwﬁ’&%ﬁ**’ww&%@’&$ﬁ¢%’ww
BAXF o2 VifrVo a R A0 & @2 w8 0Sim 2 VifoVoz dp i - Bl4p

R Sim3tE 2 4T o

1(i, })

FH

\_\

<

Eedd- BT ae g VE[RGBXY 4wt - % kAT 7 i jEd v & B e

Sim=|V1-V4| = (R, —R,)2+(G, ~G,)? + (B, = B,)2 + (X, = %,)? + (Y, — ¥,)*  (4.2)
H? RifrRoA Wt & s fB.ciRchannel 2 R & > Gifr G 4 B & & {80 G
channel % & & » By fr By 4 %] £ & 81 B channel % & & » Xy fo xo 4 4] % £
B G BEX BARE 0 yr1foye A B R A A By BHRE -

BF WG BN BIEYIOS BT B SET B L Y S B HOE 4
BB il 3T Mg A R B DRBFAT S b - BAZGG S AR B
B¢ 3 N Bapiv A& Sim> A Bl & FZ kB2 % N BAF BLafp iR > B f83%
BLg S AR IR Bk DB BERF S R - BATTE o T BRI R A N
RGFpr e gt p THOLEENRBeESL N BRI B L N
BATEE T Bhr w B HOF AP R B OB dept F R N E RIS Bt g A R
fERIN BAZGE FL AR

N BAZ G PSSR G 50 (DAt 2 g kg
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ffo? FEBE F R & e superpixel 30T L (S5 K-mean A HF 8 2 g U
AEL O UEAVREATALBHEY L BRRBE T EREGKBHEY <
iz NMip L e

SRR L VO R R R < e g B R Y BREAL
WA SRS ik 2o Bt e g N BARHE & OB S e
PR EBEFIREDGE o frd FacE % B Hic) oo superpixel pRgEd BigAR
b - RERF o AR PGS EIREG R AN B FRERE K D
superpixel p $RzE ¢ it tgR = 0 - R Agpd Fpens F e 3 B3 &
#4405 Kk 1 superpixel p g7 ¢ FcE F R Bl WMot E S e

NOR

23((Ir = )"+ (195 = p1)” + (10 = 1))

Var, == NOP (4.3)
k

# ¥ Var, 5 osuperpixelk 2 g é HacE SR8 2 ¢ Ir* 5 superpixel k ¢

.

% i 22 R channel 2 & & » Ig‘ % superpixel k ¢ % i % {§8.2. G channel %

.

At > Ib* % superpixel k ® % i & 8.2 R channel & & & > 4* % superpixel k p
R channel #74 ff2k4% A& & - 358 > g & superpixel k p G channel 77 g% &
BT ¥ogc 0 g 5 superpixel kK 7 B channel *74 #B:& & (& T 358 - NOPy A %
superpixel k p .8k i #) -

SRR B E 2 FR-R-G-B= B channels £ ¥ g § 7 KR AT
AR sk gk o .uﬁi% B2 % - superpixel 2. % - %8 535> R-G-B=
channels ¢ &5 # ¢ — i channel eh% & &% 3% channel #75 8 % & - 35¥}
AL & PIRZ AR R A 45 B channels - 8 B % TR > H3k3F 5
superpixels g B ARG > @ FURE NG EHEMAY L FE AR D
superpixels Hrrep g o 5 R B RAL 0 AL R R g Var BB 25t

4T

S max((I6 — )7, (19" — )2, (1bf — 12t)?)

Var', == 4.4
K NOP, (44)

AATF r2 g Var', & 4 superpixel k 2 g 4 H gz it £ o8 ¢ I 5 superpixel
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k® % i 8.2 Rchannel & & @& - Ig % superpixelk ¢ % i i 82 G channel
2 & & Ib* % superpixel k ¢ % i % .22 R channel & & @& » 4" % superpixel k
M R channel 73 #.2k#& & &% 3% > uf 5 superpixel kK p G channel 7 .2k %
B & 0¥ 0 4 A superpixel k 7 B channel 74 #8L3& B & T s98 - NOPy B &
superpixel k p i 253 #c o

i N (43)E R A SN (42)E K F B A > P HEAEY B R
R~G B = i# channels ¢ £ 3% channel ¢ X — superpiex| p #73 8% & &L 2
A BT A LS, s ¥ superpixel p & B BEaEE B & Ao iy %
v 2% superpixel #7& 7 2B B o H % 00 & 3% superpixel 2 1t £ o

PFE R0 A7 superpiexls 22 Bt B > KT - FERE Tvar {8 A BT T
R g~ B Tuar §#1% 50 5 superpixels > £ 2 3R B g i
superpiexls | “,45 F 5 deleteRate #2+ & < ;84

NOR

deleteRate = Unselected x100% (4.5)
NOPSeIected + NOI:)U

nselected

# ¢ deleteRate % 7 R i superpiexls 8 1% 5 > NOR) ey # 7 44 % 2]
superpixels # # © NOP,oeq BI # 7 A4H 1% £ sUperpixels 1 # o #1°f 5 e3- J I
A_MALH |7 20 superpixels i Be'z 4R oo AR I 20 superpixels i B NOR) eqeq T2

AR 20 superpixels i B NOP, oy 5138w > £ 3+ 100% -

(C) $-#cit-2_
d @G F(A)R 2 B LAz & 7% (impurity degree measurement)- B Ji e E
Bv @?] FoeiR BeAR R > ST AR SRIL T ) g - IR A fi &
50%:% R B B Tvar § DR AR ST E 0 HIER AN 40T
Ty —E xéi p (4.6)

H ¥ Tvarso » -3 B "f L 50% B REE éﬁ;—]xng@\;&l;‘bﬁfg »Crcg i
W #c o rEF EF&RY LT C=25~ =10 H P gaBdat o
’ﬁ 3 ﬁ'ﬁ f-? EY 50%m§g~ﬂﬂ§ = Tvarmxﬁ'{&:ﬁa&w ’ ﬂ—ﬁb Eﬁﬁ%’»ﬂ!é‘ﬁ

superpixels i # N 8. & $-#c % @ (2000~2800) *MI*JP PRI i RGN g)
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PEREMNFERRZSBEB) RS EDE LG R ERD

F = B (Tvar  N) § $ BT - BRPES > 2R LS g BRI SBR[ 0 B
“,ﬁc‘ B IIT 50% 4B & IS AMEEVRE PR E Sl L o

PE AL G b TERIFIR 5 G B0%R B R E T n5HH 5 33-99

superpixels B #c N ek i S8 % FF 5 2000~2800 » izd $fc e & @ 12(33 > 2800)

#ic e & 2. superpixels # 'J% B BITE0% B A BB R E Tk 5 337

3
\“?'gr

superpixels i #c N 3% & 2800 2. & i 5 % s B2 0A 2 Z ¢ K-means iff & i i

VIREE

% 4-1 7 F 44k & 2. superpixels % b

2000 2200 2400 2600 2800

k“
[ % ]
| e |
-_

83% 82% 79% 78% 76%
S571% 55% 54% 52% 50%
38% 36% 35% 33% 31%

¥ 1§+ 2] (image segmentation)
i B2 &30 5 (LHSV 4 42 3 B 4 3 (HSV color space transformation)
(2) K-means 4 # (K-means clustering) ~ (3)2£ = gz ¢ 4% -] (color feature modeling)
% (4)4~ 1 #2~(object extraction) o & & ik PB4 (7 FAVER - A L 1 (A)HSV ¢ &
7 B3 ~ (B)K-means » 3 2 (C)iE = g ¢ el drd E 3B Kmp o

(AYHSV ¢ 5% B %

LOBRES D B EGE A S F B R 0 AT T B R
REACETROEFRINAFRHITT 273 bond 3 Tl » W RGB ¢ &2
ZRE gk T HSV ¢ 22 -HSL 4 272 F{eYCrCh ¢ 22 @ o

FALAAFETANKER FHFR P 2 EE TR AcB 420 27 B 4-2()
LB B 42 ()5 FAE G BERE G hE BB BT A
RGB ¢ #5 F? » HFH#RGB ¢ £257 FF v & 3 3P foendd ficgh ¥ |+ eeetd >
R B o AcBEE L S o RS #-RGB J 4% % B erdE kgl A W E e T HSV
¢ 2B -HSLE 27z Ff-YCrCb ¢ 22 & - %% RGB ¢ 427 & ¢ > Rchannel
G channel » B channel en® 2 E(R> G B)» F|RGB ¢ .5 F#& % YCrCh ¢ 27

g o ;84T
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(b)
B 4-2 7 B3R 7 2 E paR i

Q)5 2 BB H(b) 5 FHHE e
Y =0.299R+0.587G +0.114B

(4.7)
Cr=0.713(R-Y)+35 (4.8)
Cb=0.564(B-Y)+& (4.9)

H¥ > 5 A 8-bit B HPER 5 128 16-bit B2 2k 5 32768 @ £ 5 iR ELEcE )
% 05°RGB ¢ #7 Aak 3 HSL ¢ %07 FFigde & N 4o ¢

H={ 0 ifBSg (4.10)
360—¢  otherwise
J[R-0)+(R-B)]
6 =cos™ (4.11)
[(R-G)?+(R-B)(G-B)I"?
3 .
S _l—m[mm(R,G, B)] (4.12)

L:%(R+G+B) (4.13)

H ¢ H(Hue) 5 ¢ 4p » S(Saturation) 3 4# f= & > L(Lightness) 3 & & > F 32 > £

MAX=max(R,G,B) » MIN=min(R,G,B) » B| RGB ¢ %7 R # 5] HSV ¢ %% M 4 2

AT ol
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_G=B) 6o if R=MAX
MAX —MIN
(B-R) . .
H=:Q2+———~2)x60 if G=MAX ,if H<0, H=H +360 (4.14)
MAX —MIN
(4+M)x60 if B=MAX
MAX —MIN
3 .
S=1-——[min(R,G,B 4.15
(R+G+B)[ ( ) (4.15)
V =max(R,G, B) (4.16)

H ¢ H(Hue) s ¢ 4p > S(Saturation) 5 4 4v & > V(Value) 5 P* &

gty HSV ¢ 2272 F ~HSL ¢ 27 B e YCrCb ¢ ¥ 7 B endg k2 15 > &
BT F R R o B e B DL MA T R hoR 437 0 B
¢ B 4-3@)(D)(C)(d)A B 5 FRfe 2 BB P ijg RGB ~HSV ~ HSL /% 2 YCrCh
ZEPEWAT RS c AR AT L I BP G2 (84 RGB ¢ LY
FABATEE S B R AR A T o L I R B T EEERGT o B e 7 S (B)K-
means ~ HFPEFF AP A B2 FBIEOGEERE om 2 YCrCh ¢ 23 P RS B
7 AT OB EREIGE o R A ML P s TR RE B R A

%@Lhﬁi}% SR SRS LA

fo HSL & 2 B a HSV 4 05 9 FHAE s 2 0 e fom A i
B BEEC AT RS R R d BRAR L2 ANGI)EPR V2D

FA16)FH A oW 4-4 G ¢ A HSV ¢ 0% @ A Schannel & & & 5 1 pF
2.3 20t B B 4-4@)% T HSL G 27z B4 {-& S 5 1 pF > Lchannel & &
B3 OPFEET 524 >Lchannel R B E L LR T 29 4 > @ 4oB 4-4(D)E T &
HSV ¢ 427 & Schannel 2 A& % 1>Vchannel 2 2 &5 OFdg+ 224 > a V
channel 2 & & 5 1 PF4rEi 1 & Bodefochgi ¢ o 97  FHHR o 3 390 e 12
B HSL ¢ 22 e Lhs w ik @A F A > F Lehannel 2 8 #3702 10
AT FEFRI RO T ARG I EP R B AHSV DR Vi
S i BEA RS F# o273 Vchannel & & 645 0 R RO
PRI ST A L B S A T EE HSV ¢ 453 B iF L 4 H(B)K-

means 4 HpFig * hd L5 /oo
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0.9
145
0.8
140 4

0.7 135 4

0.6 130 4

0.5 125 4

0.4 120

03 1156 o

110 o
0.2_\‘

1 105’w0
100 =
0.5 200
70 g0
S 90 100 419 1200 130 q4g 400 Cb
0 0.8 < Cr

0 0.2 0.4 04

H

(© (d)
Bl 4-3 KRS 2 SB e fate B DImATRE

(@RGB ¢ 2 WA+ 2% M)HSV ¢ 2 mA T2 R(C)HSL & £42 B A+ &%
(d)YCICb ¢ 452 B A # 4 %

ShsL=1 Shsv=1

g —

H | H

(@) (b)
Bl 4-4HSL ¢ 42 B8 HSV ¢ 42 Bttt s LpF2 ¢ 924 % Bl(a) HSL ¢ %

ZEO)HSV ¢ 447 R
(B) K-means 4 ##
SEH B(A)HSV ¢ 2oz B -G E @ R R T HSV ¢ Dz B
st K-means (F 2 M E O RE & HSV ¢ R A2 K oo K-
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means ;i & 2 e (72 e T AR A HSV I D Y g B ARREHRE D K B
BT A S RV E R BT K B SRy B RE BT
FLEE S GEAE BT Y P G - AT N A NTOR B A B K g
I E KHEFAE Y o R RN AR I I K ST L6
fALTEIR s Al LS 0k o K-means A 3% % 4o Bl 4-5 7o 0 Bl 4-5
(a);%ﬁi%lz\%fg»\’ B 45 ()5 HSV ¢ #27 ¢ K-means /¥ & 2 ehs #H 2% » &

S K 5 103 0 2 et BT 5 10 =

(b)
Bl 4-5HSV ¢ £2 7 F ~ ¥ %2 % (a)input image (b)K-means clustering 2. % %

Pt B R EFE Y R > K SLE A F anpEgEt B 2 54 L city block
distance > ~ fi 5 & v4 *FEEAE - o) 4-6 1T A AE A RHAGFASPEIFEZ T

WEFR? DA TS B R T R 5 T AR ERc FH Y D P s

7P 0 8L Dip 5 p1 ¥ p2 FF 0 city block distance B city block distance 3+ & 2

N deT

Dy, =|h —hy|+|s, = S,| +[v, =V, (4.17)

H? hy i pr2 Hchannel & & i@ -h2 5 p22. Hchannel & & & -s1 5 p12 Schannel
RETE > S2 5 P22 Schannel & & & >vi i piz Vchannel & & > v2 i p22 V
channel % & & -

City block distance ci4F e 3t 3 B H > B AR B 6|3 ¢ P g (77 27
F B3 enEk 5 iF city block distance #i8 B {3 4R 5 4p e epEdE o 1B 4-7 5 6] 0 2
8% A 8L 2 8T v ko Euclidean distance SEAEA B 5 V2 222 5 e ok i ¥ city
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block distance 13- % A1 2 8L% A 8h27 2 8L3 ¢ LR iR A 2 o ik aEibi 7
T FHEEEY CORERRE o TR ERTEEF D S BRI S AR
345 g s o

P1

e

B 4-6 City block distance

W 4-7 4p ¢ Euclidean distance # f¢ city block distance 2. 4= &
50 AR R A K LR U 8 5 48 2 B &% 9 Euclidean distance % B~
~ J & 5 city block distance © & p1 & p2 2z B¢ 93 B> D12 2 pr & p2 B en

Euclidean distance > B Euclidean distance 3+ 5 2 ;8 4T

Dy, =/(h,—h,)% +(5, —8,)% + (v, —V,)? (4.18)

H¥ hy % pi2 Hchannel & & & -h2 5 p22. Hchannel & & i&>s1 5 p12 Schannel
RBE 2S2 5 p22- Schannel 2 B & »vi % p12 Vchannel 2 B & > v2 5 p22. V
channel % & & -

B SReuE AR F IR WA ke K BEY S GIVR B DT S
FEN O FEGEAEERTE DY 0 EERTE L F s Nl e syltar
FERLBEELFEEORIER oA ¥ A RIS HEEET N ERY &R TES
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1&“;

Se[0.251] *V e[0.251] 2 F » fe BUGiEF H RSB M 5 1 B Mok F hES
B FGHE S § A HV ¢ DR % BRY O HV § BEBen% i BRI
A8 1 He[0.2065] 0 Se[01] » Ve[021]~ 5w
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EEAHSV I LB %d RIp i d oo gl FY SHRARZ AL FTE T -

SRR LB ER AR S Y SRR R AF R
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%“*%QJ_IPJ FEbfeengei et AR Y o & ’Kf—i

JIL JQE_ IL ﬂ\ S vbﬁ ’k l%
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Hrt B oSN e

D> IMAX (1, ) =15, ),0)
Mr === (4.20)
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~ Jk ki * Microsoft Visual Studio 2010 %,:% % 2 Matlab 2014b ¥ % #ic 4 >
M oR ez A REAed 4od 5-1 A9 o B2 @\mﬂi%l »~ % DJI Phantom 4 #7432 ¢ 2
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2.7m 77.7m 998
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5 5 154 B S #¢ F 55

@5 ®

EeniFEgacd 5-12- M 55 KA HE S
W1 H 55()s" ®M2> B 55()%° W3-

54 ¢ Bl 1P

B E I EETIED)
D 3% 90% 88% B86% B84% 83% 82% T79% T78% 76% 75%
D 71% 69% 65% 62% 59% 57% 55% 54% 52% 50% 48%
DU 519 48% 44% 42% 40% 38% 36% 35% 33% 31% 30%
I 3505 31% 30% 29% 28% 25% 23% 22% 21% 20% 19%
VI 2506 23% 20% 19% 18% 17% 15% 15% 14% 13% 13%
LI 18% 16% 14% 13% 12% 11% 10% 10% 9% 9% 8%
12% 11% 10% 9% 8% 8% 7% 7% 1% 6% 6%
9% 8% 7% 6% 6% 6% 5% 5% 4% 5% 4%
7% 6% 5% 5% 4% 4% 3% 3% 3% 3% 3%
5% 4% 4% 3% 3% 3% 3% 2% 2% 2% 2%
3% 3% 3% 2% 2% 2% 2% 2% 2% 2% 2%
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D 92% 90% 89% 86%
D 71% 69% 66% 62%
D 529 49% 44%  42%
IO 3505 31% 30% 28%
T 2505 21%  20% 19%
A 18% 16% 14% 13%
P 1% 11%  10% 9%
T 9%, 8% 7% 6%
7% 6% 6% 5%
5% 4% 4% 3%
3% 3% 3% 2%
2% 2% 2% 2%
2% 1% 1% 1%
1% 1% 1% 1%
S 1% 1% 0% | 1%

11575
m 9328
m 9535
9339
164 9418
197 9524
ZASRN 11941
AyAN 10699
AR 10362
cpAsi 10055
S{s08N 11944
11853
11185
12025
NS 12089

9110
10856
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10426
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9413
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12031

84%
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10160
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10304
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11741
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12045
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3%
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1%
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12873
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E T E R E e
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