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Abstract; For the low resolution of thermal infrared image, the crop canopy area can not be accurately
extracted , and accurate canopy temperature can not be obtained. Maize in the jointing stage was taken as
research object, and the thermal infrared image and orthophoto were obtained by using the UAV equipped
with thermal infrared imager and the Dajiang EIf Pro UAV. Based on high-resolution orthophotos, the
improved Canny edge detection operator, support vector machine (SVM) and wavelet transform were
used to extract the maize canopy region, and the classification results were binarized in thermal infrared
imaging. The maize canopy temperature was extracted by using the mask generated by the binarization
result. The extracted vector surface analysis extraction effect was applied and the accuracy of the three
extraction algorithms was evaluated. The experimental results showed that the effects of the three methods
from strong to weak were as follows: improved Canny edge detection operator, SVM and wavelet
transform; the extraction accuracy was 87.3% , 74. 5% and 68. 2% , respectively. At the same time, the
error analysis of the maize canopy temperature measured by the hand-held thermometer and the extracted
canopy temperature was performed. The experimental results showed that the correlation between the
canopy temperature extracted by the three algorithms and the measured temperature of the ground from
strong to weak was as follows: 0.929 5, 0.895 7 and 0.876 0. The improved Canny edge detection
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operator can better extract the maize canopy area and obtain more accurate maize canopy temperature,

SO

as to more effectively monitor the physiological status of maize, predict drought, and formulate reasonable

irrigation and fertilization measures to increase maize yield.
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machine; wavelet transform

=

51

VEV 56 )2 W B R KA - 3 R G o
RETE SCH A5 2R o AEWIAS B i 8L 5 PR R 2R 3R
B8 2 R A 2 O A A R YL AR
Yy e 2 30 R 3 A R W R T RE ) L M AR R R R
B Jta e . Wﬁ@AﬁE%u&Wiﬁﬂﬁ?ﬁﬁ%m%ﬂ%

RS VEY i, R, TR AR 95 2 R ok
AR Py Je 15 32 2 T 5 g L 55 R R R 05 R 1 R
M, I T 1 5 R ROIR, AT A ) R e
DR R e

B R AR AR Ok B 22 b T T R IOV ) 5 )22 i
BEN B P Ah 2 g o B R AT TR AR B A
FEOTN o ER, AR AR AN A R I A R K I
PR BN R S5 R O A R AR BORY FE E
K SR R R R AN TR Oy
3, T B AL B O ny i A AN B, HLJR R T/ Y
87 FET M DA S B K S BB oA B AR A B A
XﬂLl_*lﬂfﬂaﬁ,ﬁgﬁﬁﬁﬂi%lﬁlﬁﬂégﬁﬁlﬂﬁﬁl‘i{é
PG o HARIURY R o #E R AR, o R AR 2%
ot R PER2E AN RERE AT /N B A R
P JUAR, TEANHLLA 73 B 5 | SRl 0 0L L R0 1P v 45
R AR, JZ N T R RS AR I, B AN R
AR FILE B 3, HARZLAN R B B o B R A
IR A PR3t DA AR ZT A 1B 5 v B BT 5 15 U8 2 R
9 S FRETE R G 15 - 18 ] A BE S
PR o J2 DX 3, (EURS il BE R vy, S R IR A )
T 2 i A TG, M L R A T Y Y 0K

AR SCUA BT W B K S AF S 4, F e AL
TABE E R MLLINE B ANE S AR, IR P 347 L
fIWCHE . SR ek 9 Canny $1 2646 00 & F . <2 45 1)
1 HL ( Support vector machine, SVM ) | /] i 7% 46 25 &
TETE B 2 BRI S 5218 5 T R K G 2 DX, o
PREIBUEE SRR B, LA AE AT A AR P R IR K
e 2 U K I 3t T S B AT IR 22 AT

1 #R57E=%

L6 X #E A
BIF 5T DI T N 5600 B R KSR R 2 0T ik e
HERF 5 B (40°2670.29"N, 109°36'25. 99" E, ¥ &

i

1.1

thermal infrared image;

1010 m) . SEE AR AE AR 9 o B £ oK, T 2018 4 5
THE 58 em, BRI 23 ~30 cm, K oL
i IS TE AL AT VW, SR /N XA AN A 1 TR
g R 5 Ry S A BT X, B B R X ) 4 A
3AEETT (K x 5828 6 m x 6 m) , TERETT — 4% %] F 4k

J 20 H

orthophoto;

Fir, 4

sy 3 A EE R X (K x
I A EE A B I AR R

&
2
o
N
13

=
F

40°25'58"'N

40°26'0"N 40°26'2"N

40°25'58"N

40°26'2"N

109°36'24"E

109°36'26"E

improved Canny; support vector

109°36'28"E

40°26'2"N

40°26’0"N

40°25'58"'N

L0 10 20 30 40
I:I:_Iz_m ) "
109°36"24'E  109°36'26"E  109°36'28"E
(a) LTSGR
109°36/24"E 109°36'26"E 109°36/28"E
() T T
- S A
| i
109°36'26"E  109°36/28"E

(b) IEHHE

(e) BEJT R
S /N DX HE L

Overviews of experimental plot

&1
Fig. 1

TEH2mx2m),

40°26’0"N 40°26'2"N

40°25'58"N



% 43

TG G BT RATANE BGE AR B AR P 2 R R 4R I 205

1.2 3T 448 F5E 2 B3R 3R BY

TE B AR 1, 20 5 F 2018 4F 6 H 26 H Al 7
H4 | R, 4 i E] 12:00 FE47 3 17 £ 4 19
KA. F A Raytek ST60 + T T I it AL ( [ 2a)
(IR R - 32 ~600°C K5 £1°C) , LLIE 2b
B ACRIEF KRR 1S E Y A
SEME T (R R LS KPR 1S e M E R (13
[l 2 120°) o o 1 4% 20 8 HACER PR i )2 i B
FPRICHEMATE ZE A 1 m(R x589 2 m x2 m) /2
BHiR A, HF LA 3 U B (AL D K =

(a) FFAIRRAL

(b) ﬂ)i’:ﬂ)ﬁumli
B2 oK 2 R R
Fig.2 Schematics of maize canopy temperature measurement

T BB 0 SR S A G VAT SN AR RN IE B AR Y
i, 6 H206 HMT7 H 4 H, T XHuaf(] 12.45
HEAT TC A ML R AR o R K S1000 7 /X Jig 3 0
AHLCE 3a), Jo A HLE T & 4.4 kg, A %030 T i
6 kg, ZEML A [A] 15 min 2245, o AHL#% % FLIR Vue
Pro 640R 1 AJE i ¥2 A2 X (& 2b) (T & 90 g,
640 153 x 512 (R F , MR - 20 ~100°C) F14% #4
LLAMEAR . RATEEN 70 m AR BRI E S RN
85% , M TH %5 [A] 43 HE 2 7.5 cem, [R] F R K 58 A
R Pro JE ML 2¢) I IE S 52158 (29 2 020 71
ARBIRR BRI PEREH 5472 B H x3 648 B XK,
Jist 179 g) , ©AT @ BE R 50 m AR R & R
H90% , HuTH 25 (8] 43 HE R 1. 25 em,

(b) ARFAPIRIL () FAHIAPIProTE AbL
B3 JC AL R ARDL
Fig.3 UAV and camera

1.3 HERFE
FEICE K JZ I BRI WA 4 iR . B3

) ARETAML

5B IRELLIME BRI TR 3 R LD M2 AR B
LA TE RN I 5 R ET S0 52 4R ) 6 50 2 5 IE 53
SR TR AR 2 XA IR LT R B AR ICE K
IR S U L 5 B

Il BRI

I I

| WARBHE |

JUATRCHE

[ Bt Canny 357 T
| SVM FRHGEZ XA |—> ﬁg%ﬁfﬁ%{%
| s | mRmErn | | s

B4 HARmR
Fig.4 Flow chart of proposed method

L3.1 TANEGIESKIE

TJo N HL 3L A0 £ 21 AP 52 AR 568 IR, I 4 5% 1%
1 874 iig , %] pixdd #EAFPEEE . R A CGCS2000_3
Degree_GK_ CM_111E,D_China_2000 A& 5 % , AR 4%
MO T 5 MG SO SE BT UM AR IE .
1.3.2  IRZLAMEAR B S E bR

o TAEAE R G iR 26 AU AR D2 22, i fr $A 2 b
AR PRI K 2 R W ROR |, 5 54T RATHD S Y
AR 5 B o AP TR DU AR ASCR A B AR AN 3 1 A S
HOTE (1 m 2245 ) 1S Fo st 308 B8 96 AT 6AT i 46 A €
b, 3 AR O A3 BT, 8 T3 R A5 PORRAXAE
A BB ST, B D A — 2ork s A R U A%
TEFATCHE S B PREL A 52 A5 R T 45 D0 JRLASC , 000 745 b 1o
T 1 PR R S A A A B T S G X AL R e
JA L R 2 | R AR A BoTdk 17 MR, @
T A S I3 A 1 2 A A E bR AR R A8 B IR AL AR AR
P I K TRE JE R g S I R 0 % 2 Y
1.3.3 fE¥id)2 X

1E 5 524 ) et () Canny 3 % 46 0 35 1
SVM /Nl As 4 3 F B i SR I B K J2 X, 4%
PEHUEE AT ZAB Ak Ak 3R I 2R R o T SO, BT
IR SO 2R R R OK el J2 DX 4 I T AE AL A
8 e i B K G 2 I
1.3.3.1 gkl Canny g1 4G5 1

XHEGEHG Canny P 2046 00 55 T UE47 40 F 2k

J‘E[zofzz] .

SR A AT DR B 3 2 h RE P 18 O 0k Ll i BE



206 & o Bl B ¥ iR

2019 4

BIE, bSO B RKEZE/DNTIZHENBRRS
SR A O 1R R K BE 25 (B A 22 1 R R R B
WA A RS B, AR, A2 5P A,
PR B A B s M5 5, I G5 o WA A B RV o

VARSI AEL RN g 1], 5 A M0 B {30, £ £+ 15 2
Canny £ I 57 F 9 55 J B8 w5 B0 L 100, % B {EL 50
7 T v 0 A R, 5 e AU 5 1 2% (] Sb, BEAE)
B R e 22 i 2k (18] Sb, 20HE ) o R A AR B 3

Ty B
ﬂwwy ‘

(a) JFE (b) 14 CannyF+ (CE HSLH)

G W 1B PP ASO IF , BE B4 U I 2% (1] Se) .
AN RIS SIS A 22 426 Canny K] 14 45 552 10 A K
B VRO B E 1 B {ELAR 56 (18] 5S¢ \5d Se) .

A FHTE % 1 rp ELBEM) 3 TR 2 (EL R 7
XEEE BICR AN 6 FTo o R PR SR TR, [ 0 L
BEMBER LS LR FE BT (RN S, 91
{0 30) , PR B 114 201 % A X 308 45 P 249 (A5 9 A b

PS5 e PR 3 (E AR 5 i 0T BRI S8R X L

Fig.5 Comparison of selective mean confusion and Gaussian blur effect

ARICHE] 3 x 3 1Y Sobel ¥R . X T8IE
HOBE BE R TTE BE RE S T LU 2R kR, DAREEE
Pk AR S B, PR BB AR 5 BY(E 30, 23 SR
F— B 223 B BE \Robert 22 X452 x 2 ({57 7-F13 x3
[ Sobel $5 A K I 5K 1 2, RCR XS HL P& 7 e

W . BTN

(b) Sobel®&. 1

(o) PEFFHEI(ORLNT
B 6 AT 35k 45 M R S5 SR X L

Fig. 6 Comparison of different selective blur effects

(d) FEFEPE DR

2 ST, B AT BB AR IR L #R /N T Sobel 57
T N2 1] Sobel ST MYMREE 2 x 2 5 11 .y J7
[6) B J3E #4830 LUAH DL A5 8 (4 A ) SR AT Ee B . — B
FEOPTE I G 1 JE Gl 1 b e 2%, Robert 14 — £,
Sobel 8T RUR AL , BB B U3 55 10 G RIS

") e
(¢) Robert3g SURSJE

BT S [l b B B 7 S5O0 G

Fig.7 Comparison of different gradient operators

7 S LA 3o 5 A 2 TS g BB, DR R M S 42 S
ANAE A AN T 14 1 L, RO AR AT 8 s o
MR, 2 5RO TR SURIR K2 | 55 0 2 A9
WG A By R T B B R 2 A B A
HIGN G A5 BBER o

A I b S, e T R R T RO AU

Wl , BCE B {EL O 30, E ] 3 x 3 Y Sobel 51
PENBR R 1o Mty Canny MG IN 1 15 15 4t
() Canny 58 FRCR XS L ANEL 9 Frs . di 189 AT,
2 GE I 10 G K I 3 0 1) 30 % i T R 22 A DLIR
o5 S MRS A 2k, T B i F 2 H i & (& 9,
WEHE (ZIHE ) 5 15 58 1 i G ) 57 25 U0 ) — st £y



% 43

TG G BT RATANE BGE AR B AR P 2 R R 4R I 207

FA{E30

ﬁ%'ﬁffﬁqWB Lo ‘3
(b) BEFFEIER EBIM 2S5,

(d) HAFHER I RS,
[#{H40 {50

B8 AN [l BRE 1T RS X 1L

Fig. 8 Comparison of different threshold value effects

&“ﬂ{% 'i'?J' dqWﬂ oz
(a) & (b) Bt Cannyih ZiAG N

b

() &g Canny h G AREIH T

B9 kY Canny 1 G M 7 5 F G0l G I 3 T ROR X L

Fig. 9  Comparison of improved Canny edge detection and traditional edge detection

N2 (B9, BHE) o 1285 ik i Canny 33 2 46 Il
R RS N STRUE SN IS o WUk & | B
NG A B R PR IRACR | B8 98 50 HE A 3 U AR W)
UEUECIEPSNS
1.3.3.2 SVM E &4 #|

SVM J& — 73 MY, SR ik 45 ) b de KA £k 1
O3 o7 2 TR 2 () B die AL, d 28] B 48 O Xof —
AN R TR A A T AR S R R
FEIE BCHE S B IE 55248, B Surf 53095 4 i 1 4
KA I8 I B B 5 A8 L B B A AR, T
Sigmoid #% pR %5, K 18t 1% B 15 ( Genetic algorithms,
GA) FHEMS (N RE c SERECERE ),
PRI KGR 2 DI, YR AN R 10 R .

e KX

BEBUESHEAR [ TR AR BRI IS 5 | SVMAF 525

10 SVM 4 i fi
Fig. 10  Flow chart of SVM split

1.3.3.3 /PSR A

LT /N 7 A 1 1 {1 PR AR 0 Tk T A S AR
T S TR /I U R R R L G i R
[F] 2 R B /0N i 2R B0, AR FE R A 45 0 1 43 3 9 ) AN
AN FR R B R T R, A S A I AR R
SrEI X AR SR A Haar /i, Haar 56 50
SR IE B /N U PR BRSSP B A S TR Y B B TR
P
1.3.4  Z5RIGE

(1) 56 J2 DX B4 B4 21 0 B BN B2 F 4. DA

T4 R 1 -3 =3 AR, AT HR O B 8 R
ST 3 R A AR USOR AT X Fe A M o PRS2
(S)XF 3 Fh 5305 B e M E A7 IF f, B OR 387K 42 1)
FURE G BE B . fE WIEDEMANN 26 42 ) () Jy
A b B A BPEAL O TR A SR
T
S:Tp _:FPXIOO% (1)
A S— 4R IRE RS o 2
T E KK R
F—— 00 K H0 R R
(2) 5 J2 Uk B 412 IR B 58 A5 TR K B8 9 < >R
175 H % 2= (Root mean square error, RMSE) #4745
SRS AE LA b 4 I e 2 et B2 5 S DN il B i) R 22 F
o

2 HREHMN

2.1 RANEEEBHRES

RATHT B 5 S E AR A R AN a PR, T4
TRAXS AL B AAE T H T (1 m 2247 ) BT I 4534
A1 Y LA AR v 1 — B0 (R = 0. 986 4) L TEA %
BB RZ IR T, n] LA 3 4 00k ASO6F R 21 S AR A
T 1A 3l JEE AT R IE , 378 s R DOt 2 3 58 194 o 7 11

AT A B R AT EARAS R WA 11 . BRI
LS MR BRI T 1, AL Hh B A BB it B I
TP A A R EE o TR R RS AL, P
AT IR BE B o e Y — B F B R R i 4
AR B2, AT e BB o R R B ] ., S A AL
BB D T BE VHE 0 AT o




208 K oM B ¥ R 2019 4
p [T WAK oo 1114 2.2 BERESRINERDHTEITN
ol e (1) 56 B T 45 5 % B 40 B+ 6K A T 56 X
Nl IR 4 0 T A 7 2 5 (1] 12a) , SVM A
ol AN RS B S 2 FE R 4 K BB (T 12, 2
= HE ), EL4 96 43 9T Bt Kl 4 O K K0 [ 12, 86
%15 20 25 30 35 40 45 HE) 5 SVM FI /N8 AR $e A8 5 5 591 8 55 300 2% 19 37 1
e e R ORIK I (P 12, B0 S HE ) o 1T B ) Canny
457 —— Bk --eo- 1 SR B T B 05 B M 4 0 2 B T S
B e taom & BB, FL A % Ok I I RE 5 B 4 S )
- (T 12b) 30y Canny 345K 50 T SR 26 4
S5 13 i35
% 20 (2) ST TS FE S A0+ S 90 Uk iF B 7 7
L — L — LS 74047 1 -2 38 4 B 1K 43 K A K X
e i WO ) 3 S S B IR I (S)
PR X 3 RO AT o 3 /U A AR O

Radiation calibration

Fig. 11

DX 3ok 114 f € e A, SVM 333k I 2, Bl i#E 19 Canny

o A =y £
& IR
: 87 \-.,,}:3‘)

R, A0 ;49
I J

i3 N““"’J“(.r‘fi" rafe, P o 2N, Sg‘ i
(a) J5H (b) Btk Canny F5- (¢) SVME (d) /NP AR B

B 12 3 BhJs ik o B CR Ok Bk T Xt b

Fig. 12 Comparison of segmentation effect vector face of three methods

S
oW
sl o

13 Bk i Canny 0446 158 TR BUE 2 X 0R 2 E

Fig. 13 Schematic of improved Canny extraction canopy area

G R BT R B, T YR R O o
68.2% 74.5% 87.3% ,
2.3 BREERNERSTSITEMN

h T B R NAREL A SR v 4 B oK e 2 IR
ARG Tl J32, 5 4 B RY 90 AR A A i T 85 0 B TS 8 .
Ji 55 S K T U B AT R 25 A0 AT o S R AR U
& IR BE 1 158 22 0 PR 22 (2 A AR TEE 22 ) o I T
HEW) Canny i1 G4 3 1B, B R 10 A~ TC 850 5 i
FH SVM B, B BR 15 A To R 5 I /)N I 78 46
I, S BR 19 DTERE . S5 R INE 14 FiR

I 14 T LUE 3, 2 T 2k i Canny 31 2% 4 I
SR R Y K TR S22 IR B 5 T S 9 AR DG M e
(R*=0.9295) , H k& SVM B3 (R =0.8957),

BOR B 2 (1 /N P AR 4 (R® =0.876 0) o Beit (19
Canny 12460 51 BES B0 4y 4R BUH K )= X
S, I ARAT SR A 4 TR e S TR
3 itig

OGP AR U T K e 2 i 5 i T S D A AE
BRZE, AR X SRR 2 1 R Y A

(1) KA . T ILLANE BT RS A5 5k
SRR ) AN — B, RO O EE) 2§ B R AR
KA o T LAIESHEZAR G RELONEAR P i o) T
KT J2 XIS TR AT I 22, 5 B0 B 48 1A E RS
BB o TN AR b DR, i 0 9 7 1 B G
PR R AR AN T AR, I HU nl RE 4 A~ 52



% 43 TG G BT RATANE BGE AR B AR P 2 R R 4R I 209
sr BALK == 11 sr W ==e-- EE S Bl — B -ee L
o 40 y=1.0322x-4.6418 o 40 y=0.9985x-4.0586 e 40 y=0.9442x-3.1282 Y
» = R*=0.8957 ey = R*=0.8760
= asp Sk . s
€ 301 £ 301 Z 301
gzs— . %2& ) %25— .
=ogof ot = ooof o = ogof o
Y 1 1 1 1 I} ‘7 e 1 1 1 | ] ‘7 2 1 1 1 L J
15 200 25 30 35 40 45 15 200 25 30 35 40 45 15 200 25 30 35 40 45
PTG IR IR/ C LLSMABARBUR E/C LLHMEHGIRBUIR E/C
(a) Btk A Canny T G481 (b) SVM 3% (e) 7N 7B
14 PRLT HMER IR B 55 00 0z 4t ThT 552 00308 B8 — B A
Fig. 14  Analysis of consistency between hot infrared extraction temperature and corresponding ground measured temperature
(I D R
. . Yl e £ 5 =]
(2) MR W . RELLAN B B B9 o3 B R BAR, T
QAT R AR RS AR S R AR, AR F 28 3 JUAR] A TE TC HE 5 1) 1 55 52 18 Rk 21

AR, B DA TR 5 15 G P 4R B RO R TR SMEAR B T ) Canny 21 GRG0 51 SVM /)y
BEAERFHIC AN SR LU SN AR R AT REAR R 22 SRS 05 i A I R AR SR IR K )2 X, 7%
FUL IR 18] A AR AT R L o B O i SCHF I Az B I, DL I 7 AT AP 18 SR I

) ATRE, i TSR FERGERE., FARERRE, 45082V, ikry Canny 1445 I

PG, 75 AT B A A28 EAT R A R IE R PUAA, #E B30T RE A8 S DIORG f 3t £ I K O J= DX, 15 21 o o
P CATHT G M FR Gt bn, R AR D R 251 BRI TR B IR, i e T AR AT A1 R 43 B R AR

R AR H bR e 19 ) & o
& % X &
(1] SRR, UL SCEE, . 0 A PL A ZE S0 PR 0 56 22 AR R B8 T AR 4B K S) Wit [J]. ARl TR %% i, 2018,

[4]

(5]

[6]
[7]

(8]

[10]

(11]

[12]

34(15) .77 - 84.
ZHANG Zhitao,BIAN Jiang, HAN Wenting, et al. Cotton moisture stress diagnosis based on canopy temperature characteristics
calculated from UAV thermal infrared image [ J]. Transactions of the CSAE, 2018, 34(15) .77 —84. (in Chinese)
WEBBER H, WHITE J] W, KIMBALL B A, et al. Physical robustness of canopy temperature models for crop heat stress
simulation across environments and production conditions[ J]. Field Crops Research, 2018, 216.75 - 88.
ST, FRHE B R, R EORR I RWR W E RN [T]. P ERR S, 2006, 39(1) : 48 -56.
SHI Changli, GUO Jiaxuan, MEI Xurong. Analysis of the factors influencing surface temperature in summer maize field[ J].
Scientia Agricultura Sinica, 2006, 39(1) : 48 =56. (in Chinese)
SADLER E J, CAMP C R, EVANS D E, et al. Maize canpoy temperatures measured with a moving infrared thermometer array
[J]. Transactions of the ASAE, 2002, 45(3) . 581 - 591.
KHANAL S, FULTON J, SHEARER S. An overview of current and potential applications of thermal remote sensing in precision
agriculture [ J]. Computers and Electronics in Agriculture, 2017, 139, 22 -32.
TANNER C B. Plant temperatures 1 [J]. Agronomy Journal, 1963, 55(2) . 210 -211.
MAHAN J R, BURKE J J, WANJURA D F, et al. Determination of temperature and time thresholds for BIOTIC irrigation of
peanut on the Southern High Plains of Texas [ J]. Irrigation Science, 2005, 23(4) . 145 - 152.
HAM J M, HEILMAN J L, LASCANO R J . Determination of soil water evaporation and transpiration from energy balance and
stem flow measurements[ J]. Agricultural & Forest Meteorology, 1990, 52(3) ;287 - 301.
KUENZER C,DECH S K. Thermal infrared remote sensing: sensors, methods, applications[J]. Photogrammetric Engineering &
Remote Sensing, 2013, 81(5) :359 - 360.
DEERY D M, REBETZKE G J, JIMENZE-BERNI J A, et al. Methodology for high-throughput field phenotyping of canopy
temperature using airborne thermography [ J]. Frontiers in Plant Science, 2016(7) :1801 — 1814.
PEBETE , IIbK AT SE B, 5. FIH] EOS — MODIS ¥4 $2 IUVE W e 2 B F A [J]. Rl TR =, 2006, 22(12) : 8 - 12.
HOU Yingyu, SUN Lin, HE Yanbo, et al. Extraction of crop canopy temperature using EOS — MODIS data[ J]. Transactions
of the CSAE, 2006, 22(12) : 8 —12. (in Chinese)
Bt BERE, TN, 5. RATLANZ RS2 R /AN ZFME SRR [J]. £k TREMR, 2015, 31(21)
184 —190.
YANG Guijun, LI Changchun, YU Haiyang, et al. Multi-sensor remote sensing assisted wheat breeding information acquisition

for agricultural drones[ J]. Transactions of the CSAE, 2015, 31(21): 184 —190. (in Chinese)



210 P A/ A 2019 4

[13] KATO A, OBANAWA H, HAYAKAWA Y, et al. Fusion between UAV — SFM and terrestrial laser scanner for field validation
of satellite remote sensing [ C] /2015 IEEE International Geoscience & Remote Sensing Symposium, 20152642 —2645.

[14] MATESE A, TOSCANO P, GENNARO S F D, et al. Intercomparison of UAV, aircraft and satellite remote sensing platforms
for precision agriculture [ J]. Remote Sensing, 2015, 7(3): 2971 —2990.

[15] POBLETE T, ORTEGAFARIAS S, RYU D. Automatic coregistration algorithm to remove canopy shaded pixels in UAV —
Borne thermal images to improve the estimation of crop water stress index of a drip-irrigated cabernet sauvignon vineyard [ J].
Sensors, 2018, 18(2): 397 —414.

[16] ORTEGA-FARIAS S, ORTEGA-SALAZAR S, POBLETE T, et al. Estimation of energy balance components over a drip-
irrigated olive orchard using thermal and multispectral cameras placed on a helicopter-based unmanned aerial vehicle (UAV)
[J]. Remote Sensing, 2016, 8(8) : 638 — 656.

[17] CRAWFORD K E. Remote sensing of almond and walnut tree canopy temperatures using an inexpensive infrared sensor on a
small unmanned aerial vehicle [ J]. Dissertations & Theses-Gradworks, 2014, 54(3): 250 - 274.

[18] LUDOVISI R, TAURO F, SALVATI R, et al. UAV-based thermal imaging for high-throughput field phenotyping of black
poplar response to drought [ J]. Frontiers in Plant Science, 2017(8) : 1681 — 1699.

[19] CANNY J. Collision detection for moving polyhedra [ J]. IEEE Transactions on Pattern Analysis & Machine Intelligence,
1986, 8(2): 200 -209.

[20] SRR, &7 BT U0k Canny 570 SORPIRTERA BGRB8 [T]. IS HLCRE SRR, 2009, 31(8) : 137 -139.
ZHANG Wenyin, JIN Ningde. Image segmentation algorithm for gas-liquid two-phase bubble flow based on improved Canny
operator[ J]. Computer Engineering and Science, 2009, 31(8) : 137 —=139. (in Chinese)

[21] W, BRHC, MRIGE. By Canny DA [T]. T HLELS:, 2016, 43(8) : 309 -312.

LING Fengcai, KANG Mu, LIN Xiao. Improved Canny edge detection algorithm[ J]. Computer Science, 2016, 43(8) : 309 —
312. (in Chinese)

[22] BISWAS R, SIL J. An improved Canny edge detection algorithm based on type —2 fuzzy sets [ J]. Procedia Technology,
2012, 4(11) . 820 - 824.

[23] PARK S, LEE H, KIM J. Seed growing for interactive image segmentation using SVM classification with geodesic distance
[J]. Electronics Letters, 2016, 53(1) . 22 —24.

[24] K%, DASC. SlkRy P— SVM STHF I AL S 8 BEUR 4028 [T]. mEEE4R, 2009, 13(3) : 437 -452.

ZHANG Rui, MA Jianwen. Improved P —SVM support vector machine and classification of remote sensing data[ J]. Journal of
Remote Sensing, 2009, 13(3): 437 —-452. (in Chinese)

[25] XIE X, WANG T. A projection twin SVM-based active contour model for image segmentation [ C] /2016 23rd International
Conference on Mechatronics & Machine Vision in Practice, 2017 :1 —4.

[26]  FBWe &, IRAME. —FEEG S RAER) SVM BRI 55k [J]. iR TR 58, 2013, 35(2) : 154 - 158.

DENG Xiaofei, XU Weihong. A SVM image segmentation method combining multiple features[ J]. Computer Engineering and
Science, 2013, 35(2): 154 - 158. (in Chinese)

[27]  TK%,3Kkdidh, SUK LW, S /Nl A e 5 0 7 e 550305 Bl 16 2 0l e J2 0 T4 20 [J/70L . Rk HLB 4, 2017,

48(9): 32 -37.
DING Yongjun, ZHANG Jingjing, SUK L W, et al. Image segmentation of tomato canopy blades based on wavelet transform
and watershed algorithm [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (9) . 32 - 37.
http: / www. jesam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20170904 &flag = 1. DOI. 10. 6041/j. issn. 1000-
1298.2017.09.004. (in Chinese)

[28] DA L, NIU D, HUI W, et al. Short-term wind speed forecasting using wavelet transform and support vector machines
optimized by genetic algorithm [J]. Renewable Energy, 2014, 62(3): 592 - 597.

[29]  XUPHwe, TRPCAE, FHHE. ET/NBUE G -G RI0rTE (1], A PLH 53,2009, 26(4) : 62 -64.

LIU Zhoufeng, XU Qingwei, LI Chunlei. Research on image segmentation based on wavelet transform[ J]. Journal of Computer
Applications and Software, 2009, 26(4) . 62 —64. (in Chinese)

[30] SENTHILKANI A'S, ANANTH C, CHAKKA R M, et al. Overlap wavelet transform for image segmentation [ C] // Proceedings
of the International Journal of Electronics Communication & Computer Technology, 2017.

[31] THAKUR R, YADAV A. Hybrid segmentation approach and preprocessing of color image based on Haar wavelet transform
[J]. International Journal of Computer Applications, 2012, 46(16): 1 -5.

[32] WIEDEMANN C, HEIPKE C, MAYER H. Empirical evaluation of automatically extracted road axes [ J]. Empirical

Evaluation Techniques in Computer Vision, 1998, 47(3) . 172 - 187.



