N

& 45 81 b
9 A

T B

Spectroscopy and Spectral Analysis

R R R EIE TT R S E S A

AW, & # @R, ARk

B AUMRE R 2Rt e . TR B RC 210037

T Ve =S b et VR R TR U S S N i 2 o S N Y DR O S B RO I R DO S 0 N
AR S AT RS R SR B . LU IE AN 28 250 10 BRAR o DI SE 05 4 3l 3 SR 4 A [ S 1 300 ) S A e )2 Y
Z M BRI BOE . 4 BT AS TR 38 BE 1A [) S SRR AE o A 5 R [ Jos R B A 1 e 2 AR A U BB U St R 0 A
R . G5 R IR - COTEORFPUNLIN o A8 325 181 5 i) 89 )5 1) B D 1) ) 5 55 24 DR i 1) ST ol 9 52 55 ¢
I ELAE 5 1) 05T T )+ DA 30 B ) A S I 0 29 7 407 R UL K TR e B PR RN 5 TR AR AE T T IE 2
T W OEIEBL (450 nm) AT LLAMNBE (810 nm) B BRAR T2 07 R THUMA S S 3 52 9 i S0 0 300 > fekt B = iy
FR I > S AR 0T B AR AL LR . Z0D% B (680 nm) MERE B (560 nm) A A KA TEE)Z 07K T A S 4 4 5 9 o fit
A~ i A0 30 > SR v 3 A~ RO AR B S A R o TE BT AT 5 AR s T I S A R B A ORI K IO A Y % i
Ko COLEAMPUMLI I+ 75 27 187 7 1) B4 1] 50558 7 1) 49 2 55 24 /8 00 1) 0053 05 1) ) 52 399 38 . 9F ELAE )y 37
9 O°HT . 4 A PB RS AR R BRI s TR TE P AL A . WG B (450 nm) £8P BE (560 nm) MIZL
B B (680 nm) Y T J2= S 5 2 9 I/ 5 B SR 0 38 > it R > SR 2R 0 > S Hh 0 0 A A R AR . S 2 A i
B (810 nm) jf J2 S5t 3 (0 /I B2 B AT S 90 30 = fikt e > SR o 3B > S oR S0 A9 AR A ML s TR 5 LA
T J2 AT R T A AT A A0 S 0 T /D o (30 FRAR IR JZ S S5 D 1 7 A R A AR UL I A5 SRR B B ) 1
P S A 0 2% 1) S A R YR T fR R e R R . L e A RS 1) S A o B U AR, B
CBTIER s A AL e BRI A s SRR TR T2 SRS A B LI K TOUA £ A A R BE R LA LA I R
RO K TH0 A A9 A AL B2 AN B o I 5 2R S O e B4 S ) A R e B R B O el R R AR O LUJR AR TR R
JRE ) TC AL 0 f 7 8 A 5 T A R S A Lt S A SR 30T M TR O 485 R MO ML S I R ST Tk

XEIR AT mOGIE T ERE MBEER BN
FESHES: S43 XEkFRIRE: A DOI; 10. 3964/j. issn. 1000-0593(2019)08-2540-06

Vol 39,No. 8,pp2540-2545
August, 2019

5 5

o G 1 B SR R TR 22 AR 7 1 v 0 0 B DI B 1 4
TR _EARBUCA e S H U7 T B 3R B S04 fE 65 L2 B
NSk oE RS i 48, W LB R A A . £
1 8 3 EORE 2 i i AR IO ) 224 O ) Y R R R R, BRI
FU B — 5160 A8 UL 0 5 40 B A A 20 T A T AR R = A
SR T E I SR R 1 T B

LWL J2 01 1 52 55 24 R/ 5 L) B O B s 3 A L K BH T
AL A ORI R IO A LA B UL 5 iz £ S5 F SRR . Wang™
S B TR 1) S A A A T R AR €4 A R SR AL R A
(A S L 1) S 5 o0 A T IS 8 AR A A kR T

W Fs BHE: 2018-10-09, f&ITHHER: 2019-02-20

E&TH:
EEB T HFAW. 1993 44, B RUOlLRSEbRA B A 1 BT 52 A2

* JE IR R A

e-mail: panjie_njfu@126. com

490 nm/—55°, 530 nm/—55H1 697 nm/— 55" {4 f B D B
B, Song N 1 & N E AR ARG S TR TR
LI 7 R R PR 325 T (SPP) AR B P H(PP) R A St 5
INZE IR SR G T B I OC B 5 A HR T (R) — WL S T A A [ 0
FrAb M AR G R BN 22 5 3 . b — 3071 — 40° (¥ £ 19 AH G
RE A A B SR A DRI 2 A B R SR 4
FH () AS [] A= 7 30 R 2 e J2 01 PR i A B s i - 2 3R
FA) S5 D0 A BT 40T R TUAR » O° 5 AL f1 o BRI PN A0 2 2 X A
BT 2 D01 S A A8 /I B R B 8 T A 5 L A R i A A R AR
HEAT T R MR I0 5 43 BT, AFR A T B3 0 I Oy T HL 3R R
Zo B R I A DG oY R R AR T A B AR R AT L B
BRGNS 5 B A P R R S TR T X
SERF 5 32 B T MR 56 2 B — A 1) 19 B R AE AR 2D

[ 5 F AR B2 R T H (31470579, 31100414 VL IR 48 i AL 24 Rh i e TAE T H B2 B

e-mail: xx|_nancy@163. com



% 8 3

e 5 4 AT 2odl

75 L8O 2 Y e A R I . T UK ) S B o M

A 5 18 2o 3 M T 22 £ R RO B I IO AR T 2 25 A
JETEAE B TS ] R A ) o A E ) R A R R 1 R A O
AR . 255 MR STAS E BR . 2 BT AN TR AR OGS S 8
U ) B AR DG OGRSl ) doe WL A o R TR L T AR
g BUE S W . A5 TR AN R RO #9 T8 A HL & 25
1 A T T SRR S

s

1.1 SRR

TR0 R AE VLIRS B Bt T K X B 5RO R L
DA 3 MOl R 2 1 S = B R 0E AT . A Y AR RRAE Dy
Fele i, DHRIIZE K o £, JB T WG S, a0,
BRENME; W HRRS: EFRH; AR T
I AEIEV . TR, WKFT . FHREKE 1 073.8 mm,
AHXTYREE 76 % ., A TR 15,4 C, MR SR B 39. 7
T, wfi—13.1°C, HEBK,
1.2 RIigit

FEFE 5 BRAR 5] bR 0 AR B 56 i /N B B AR iR AR K i R
Py, Horb 3 BREEAT AN A LR AU R, 2 ARAE B /R X B,
Fis 1 £k BB 3 R s B Bl o 3 000 4%/1 mL/RRAG N T fz 33
J7 ik, IF B 0B A SR AT e AN B S . AR YR B
TR B 2 LB B ] DL S BT AR AR A B AR AR O,
Hor R4 . 0 PO T RN IBIRPIH . BIERYL #A b £ e
JE—JE, WIREAR BB M, T 58 R, B
TR R S — A B IT R AR s I 4Rk S R
BV ER YN R RS A, B R IR AR 2t
1.3 ShiEHERE

fdE T ASD {5 4% 2 3tb 4y 8 15 4300 52 56 %k R AT R 2 A
BESGIE I A, W] — Bk 2 ] — R B R S O A A, R HE G
T 1 0 i DA B A AT b e A O R 0t A e g IR D 2k
FOtE PSR RE, REEHEKY LN Lz &b =X
Ko T 10:00—14:00 AT 2 f BEOGIE p W & &0 4 A
AWM 10 R, B 5 min #AT —RARUE B AR IR IE . 380
KA R Ry iR 22, 1) [a] [ e 0 2L 44 175 00 1T 2
1.4 HELE
L4l ZHhEHKBERLE

DT B AL FRAE g o i B P B B O E AR
FH o X 0T B AT A SO WAL B, AT LU R]RE b s 2D 59
o M 75 45 0 06 {5 B BHE s ), A OGS (5 S, BB IE R R
R b S e SR AL S 2 AR By BT RRAE . IS S 0T 43 AT B2
AT Ty S RO R . G RO AL B AR . R AU
HIAIBR . BRER AL IE L S iE i LS5 L BR . AR AR A
BWF 5 3R W 810 5 450 nm P U Bt B9 bk A Ot 1% 48 4L
RV g0, 150 ) AT LA 2 $EAT B FE AL 2 15 0% L A0 22 15 9 1707 L 201 1)
ST NDVI, NDVIio. 1500 s NDVIgio, 650 » RVIe RVIego. 650, »
RVIGi0. 5600 - PRI, SAVI F1 SIPT %5 48 4 48 505 T B A B 1Y
KW NRUKAE PR EEFUH LT %, AXERE
25 R Fr 1k 78 AL B U0 AH 56 9 T L6 I B Y 8 O Uk B 450 nm,

256 BE 560 nm, 0GP BE 680 nm DA K 5 0L Wy £ Bl R B0 G
LU0 W B 810 nm JT Rk — 25 19 £ A BEAX BT T
L4, 2 ek =& B4 b fe & 8 F 1 45 4

L 1) DG T 2 SRR I AN EL 5 AL B B B 1 JLART 45 b Dl 3
FRPEA DG, I 5 AT il AL AR BE 25 VDR OC . AR 3k —
[ SCATREE . 30T T 2 WS A R R T R R Zin) S 5 R
Pk o TEE 13 BT SR A e )2 R — 0L I P T e ) P B A R Y A%
1] S P4 AR I, i FH 4% 10] 5% PE 45 4K (anisotropy index, ANIX)
HEATHEAT, How LR

ANIX(2,0,) = Do (2)

Ruin (1)

Ho s Ruas B R 43 1 A9 5 — LI S T8 o i RS 34 25 R B /D
S5t A 4% T S PR AR HOAT LA S AR S [ UL I S T P 4% e
St PEAFAT .

2 #ZRHHHE

O 1T A A A A 1 A i SR AT A . AE RO TE
Ml RIS g 1E 2R W 5 il 55 oK BH A 1) — 30O 8 £
Sy 180°) . RIVJE 1) B 5 Il R IUA S £ 26 7R RN O 1) 5 R
B SR T 1) 4B B (O S 1 R 0% 5 BRIVEI ) 805 O[] 5 7 32 3 T
J5 . RTGA k IE 28 W 7 45 A Sk 907, R T o i R R
S 77 5L 1 R 270°,
2.1 EWRRE R R R R ST A R

S

53 BT SR AN [R] g st B0 A0 00 DU T 58 )2 1) R 5 2 B R %
AL AR A A B 25 5, BT SR AN A AN R AE D BER [R] J8 B
568 2% 50 25 I ORI R T0U £ B R 5 7 A 1) A Al il £k

P 1 g SR U A U B 14 56 23 S 38 7 O [R) SR B 0 AR
[77] Fy 77 57 #1000 O T 79 A Pl ith 6 o 70 SRR S [ 8% B B
) ST T UL 5 R PR A S O e — SR O AL £
1807, M i 8 B sy B B SO0 A9 ORI R T £ 34 A
40°AE A s X R T 58 T AE M LA K T A B IR (9 R BH R
FEAYUER ; oW e £V 2 T . ¥ U BRI 4T A
P B AE AR T2 07 R T A IR G 28 2 0 1 I8 s w0 4 > fg JE >
TR TP > SR R 1 A AL L S I B A1 I B A R
FATREJZ 0° K T0 A B S S ME B, 52 0 {5 =~ s 00 0 > Jeis
e > R AR T A AR AL R BRI AR AR T B R AR
MBI EE R, TR oW L, BEBRTE
W, BEA AR R — 25 AR B . AR B R K
RGAAE, MR SR T M TR R, B E 2
J 555 258 BE LI K TOUAA 1) 78 A i B R, LA LA B A R
W O8I0 K T4 1) A4 A i B S B
2.2 EWRAE R M YNNEEE RSk A m T

S

V] 2 g PRI AT O T 1 AN [ g ksl 38 A 3 D' i8k B (450
nm) | ZOGI B (560 nm) LG B (680 nm) DL K i 21 Ah ik B
(810 nm) ) 568 )23 S5 St 23 Bt OR300 400 £ AR 7 o2 g 9 A8 Ak il 26 . W7
VI 76 BRSNS (6] Jos By B, 257 76 i 1] #8056 O 1), B0 00 3
05 W5 KA — 8 O fiff 00, RGTERE R fER



2542 i 2% 5 61 43 Hr

%39 &

-90°  -60°  -30° 0° 30° 60° 90°
—+— HSJ-450 nm ---e--- HSC-450 nm
-+ ~HSZ-450 nm --x-= HSM-450 nm
(a) TGP BT J7

-90°  -60°  -30° 0° 30° 60° 90°

—— HSJ-450 nm ------ HSC-450 nm
— -+ -HSZ-450 nm —-X-- HSM-450 nm
(o) WG Bt E - /7 1)
0.12 -
- 0.10 ) o

~aIx

T L E R S

T T

-90°  -60° -30° 0° 30° 60° 90°
—¢—HSJ-680 nm ---¢--- HSC-680 nm
——*—-HSZ-680 nm --X--HSM-680 nm

(e) LGB B FH 7 1)
. 0.107
e XX X
B e 008 xeexe X e

L [y ok
A A A A
0.06-

0 g.g-re O ®

r T T T T 1
-90° -60° -30° 0° 30° 60° 90°
—+—HSJ-680 nm ---*--- HSC-680 nm
——% - HSZ-680 nm —-%--HSM-680 nm

(2) AU B T T 7 [7]

[S A CNNa]

*

»*

*

*

*

*

* n
cooodoMoo
4253283

-90° -60° -30° 0° 30° 60° 90°
—+— HSJ-560nm -+ HSC-560 nm
-+~ HSZ-560nm --x-- HSM-560 nm
(b) £GP B P J7 [
0.10

Th-x—al —A-A
‘A—-‘-—f:;__;,zx
X"-X-»x—-x-‘X"X(')"64*><-"X"x"x'—x"x'

0.02

O

T T T T T 1
-90°  -60°  -30° 0° 30° 60° 90°
—— HSJ-560nm  ---*-- HSC-560 nm
——- HSZ-560 nm ~-*-- HSM-560 nm

(d) £R6 3 B T THI 7 [6)

Ay 0. =X
LR 3 o G S S SRR, e e
X“X-»x—-x»g;(.z_-..x..-xwx' T X
0.14
O

-90° -60° -30° 0° 30° 60° 90°
—¢—HSJ-810 nm ---¢--- HSC-810 nm
——4-HSZ-810 nm —-x-- HSM-810 nm

() LTSN B LT T 1A

A=A Ay — A
o L “1—«.2 -.._._,‘__‘__r—:—%_x_._x
X = X e : Lx =X X
X*‘x-'><~-><.~.x~x»-x~—><—'>< X

T T T 1
-90° -60° -30° 0° 30° 60° 90°
—¢—HSJ-810 nm ---*--- HSC-810 nm
— % —-HSZ-810 nm —-x-- HSM-810 nm

(h) I LLANE B = T 7 )

B1 EBERAERRBEBRAEGCRAEEE RS RN R AL
(a): WOLW B EF W5 (b GIaP B EFW I (o). W B3 I 1 5 1l 5
(. ZOCPBETRMITI; () LGP BEFWIT; (D 3 LA B 1177 17 5
(@) : LD B a1 77 1) 5 (h) « U141 B 32 3 1H 7 1)
TR X RO R TS Y i 63 S % s HSJ, HSC, HSZ DA K HSM 43 A 2 felt B FR AR | s 00 300 PSRRI i S0 S A LA Sl A S 2 A%

Fig. 1

The change curves of the different periods of infected black pine

canopy spectral reflectance with the observed angle and azimuth

(a): The principal plane of blue band; (b): The principal plane of green band;

(c¢): The principal vertical plane of blue band; (d): The principal vertical plane of green band;

(e): The principal plane of red band; (f): The principal plane of near-infrared band;

(g): The principal vertical plane of red band; (h): The principal vertical plane of near-infrared band

Note: X-axis: the zenith angle of observation, Y-axis: the spectral reflectance; HSJ, HSC, HSZ and HSM are represent

the healthy black pine, the early disease black pine, the metaphase disease black pine, and the end disease black pine
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Fig. 2 The change curves of the different periods of infected black pine canopy
spectral reflectance with the observed elevation and azimuth
(a): The principal plane of blue band; (b): The principal plane of green band;
(c): The principal vertical plane of blue band; (d): The principal vertical plane of green band;
(e): The principal plane of red band; (f): The principal plane of near-infrared band;
(g): The principal vertical plane of red band; (h): The principal vertical plane of near-infrared band
Note: X-axis: the zenith angle of observation, Y-axis: the spectral reflectance; HSJ, HSC, HSZ and HSM are represent

the healthy black pine, the early disease black pine, the metaphase disease black pine, and the end disease black pine
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Table 1 The anisotropy index of the spectral reflectance of the
different periods of infected black pine within some
wavebands
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Analysis of the Directional Characteristics of the Reflection Spectrum of
Black Pine Canopy

XIA Xiu-li, PAN Jie” . GAO Xiao-gian, WU Chen-chen
College of Forest, Nanjing Forestry University, Nanjing 210037, China

Abstract Pine wilt disease is a devastating disease of pine tree species, thus, early diagnosis of forest pests and diseases in small
forest lands even single wood level is particularly important for forest resources protection and sustainable development. This
study used black pine as the research object and the multi-angle hyperspectral data from specific black pines canopy were collected
through different infected periods, then, we analyzed the spectral characteristics by directional reflectance. The main results
were as follows: (1) the reflectance of the backward scattering direction was greater than that of forward scattering direction in
theprincipal plane when viewed from the top, in addition, in the backward scattering direction, during the four periods of infec-
tion, the four bands had hotspot effect at about 40° of zenith angle. Both in the principal plane and theorthogonal principal plane,
the reflectance of pine canopy in the blue wavelengths (450 nm) and the near infrared wavelengths (810 nm) showed a change
rule at the azimuth angle of 0°, that were, the early>>the health™the metaphase™the end, the red light band (680 nm) and the
green light band (560 nm) were the early=the health™ the metaphaseathe end. At all azimuth angles; the canopy reflectivity
increased with the increase of observed zenith angle. (2) on upward observation, the reflectance of the forward scattering direc-
tion was greater thanthat of the backward scattering direction in the principal plane, in other words, the reflectance was bigger
when the azimuth angle was 0°; Both in the principal plane and theorthogonal principal plane, the blue light band (450 nm) and
the red light band (680 nm) and the green light band of pine canopy reflectance in azimuth angle were 0°, presenting the early™>
the health™ the end>the metaphase, and the near infrared wavelengths (810 nm) is the early>he health™ the metaphase™>the
end; For all azimuth angles, canopy reflectance decreased with the increase of observed zenith angle. (3) the anisotropy of the
bidirectional reflectance of each feature band was the strongest in the principal plane and was the weakest in the main vertical
plane, and the forward and backward reflectance of the main vertical surface presented symmetry, namely “mirror reflection”;
the reflectance of the canopy of black pine changed significantly with the observed zenith angle at the end of infection period,
while it did not change significantly with the observed zenith Angle in other periods. The reflection characteristics of the canopy
at different bands and angles can promote the accuracy and reliability of UAV remote sensing to monitorforest diseases at differ-
ent scales, also promote the construction of portable and real-time diagnosis system for forest diseases, and achieve the rapid ac-

quisition of hyperspectral data at single wood level.
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