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ED — T — DSGA Spectral Analysis Model on Monitoring
Heavy Metal Copper Pollution of Corn Leaves

YANG Keming ZHANG Wenwen CHENG Long WANG Xiaofeng ZHAO Junwu
(College of Geoscience and Surveying Engineering, China University of Mining & Technology ( Beijing) , Beijing 100083, China)

Abstract; Monitoring on heavy metal pollution and pollution degree of crops is a hot spot in hyperspectral
remote sensing research. By conducting the potted-corn experiment stressed by copper, on the basis of
the measured spectra and Cu’" contents of corn leaves under Cu’" stress with different concentrations,
the research was carried out on the effective differentiating method of similar spectra according to the
thinking that the corn leaves’ spectra with different Cu’" stress concentrations still have very high
similarity and it is difficult to distinguish the different pollution degrees by using the traditional spectral
measurement methods. The ED — T — DSGA spectral analysis model was proposed for spectral similarity
measurement with the Euclidean distance ( ED) and the tangent of spectral differential gradient angle
(DSAG), which was proved to be feasible and effective in distinguishing the very small difference of
extreme similarity spectra by comparing the traditional spectral measurement method, harmonic analysis
(HA) technique and the results of spectral reconstruction of five HA decomposition times. Meanwhile,
the ED — T — DSGA spectral analysis model can be used to measure spectral difference and monitor
pollution degree of corn leaves stressed by different Cu’" concentrations. The experiment results showed
that the greater the value of ED — T — DSGA spectral analysis model was, the greater the Cu’” stress
concentration was, which meant that corn was more seriously polluted by heavy metal copper. And some
effective sub-band intervals such as the “yellow edge”, “red valley”, “red edge” and “near-peak B”
were extracted by further study based on the ED — T — DSGA analysis model, these interval positions were
the spectral responses of Cu’" stress, the sensitive positions could be used as some favorable basis to
monitor Cu’* pollution degrees.
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ek H . 2017 -01-03 & HH. 2017 -01 —27
ESTE: ERAKREFEILET A (41271436) Fl vk g 5 8 356 4B L 55 9% % 350 9% 42 550 A (2009QD02)
EE® N HAT(1969—) , 55, B0, 1 1A 0, E 2N F ki@ B - 1 b 3 5 T 28 {5 BFST , E-mail : ykm69@ 163. com



Hal

BRI 4 FORM R E AR5 Y ED — T — DSGA St 35 /3 Hr A 2 155

51

WA EERIG AL H B &, R 1 IF
SR Tt JI A 4% b 4 TR T gt S LR CHEE, R A
X3 Cu 5 Y, HHEPH B T (Cu’" ) & Bl s
Ja W AN WIRAAE Yy 40 M 2 21454, 51k
WAL R P E . WIRIEDY
Hr Cu %5 85 4 J& 1 G B2 H v G Al 2 v ol 7 28 2t
FER AR i 2 R R A B ORE  AG
MRS MR Ak 2 5% B 7 T BT — R
G E BRI E R E W KIS S — BT
R TG BR S I B A W O
PN 43 5 G I i) ST Uy 1] . RAVEWITE
% F) Cu il J5 2577 AL i R AR A8 Ak, BAR X Fh AR
LR e B TEE B b HZ 15 ROt 5 k205
L G5 AL H IE 25 F AT SRARAHAL, B ik, S SC
J3E O T AR AR 1 A B TR0 AR B % 1B 7 A 0 o8 22
S, 8 S OGS S R H G XA I, AT SE BLE 4
Cu 775 G T2 B2 14 5 1R 2017 o

PR A% G AL PR 32 14 07 12 20 LA SE O
S, TEINBE Cu 35 e 38 D0 3 22 S I 22 S08E AT, A
SCHS A WCIR BE B 5 2 BB B A (Derivative SGA,
DSGA) IEUMA , #2 Hh — B AH LG 38 22 S5 4 00 2 1y
ED — T — DSGA 7y # #5 B4 Jf iz Hl s ¥ 70 #r
( Harmonic analysis, HA) " R¥3F ED — T — DSGA
O3 MR RLAE X O W B AR DL OG 5 B B AT AT 1 S A Ak
P [AIFHE ED — T — DSGA J3 4 465 74 700 B2 A [+
Cu® " Pt i B R R R A il R 01 22 5, LA R
H AR Cu V5 Gy W 52 AR S0 FF

1 ®BigERFZE

L1 e el E T Easm

DG AR R I B T A AR Z T T LAy Sy TR
—FH Rl PRI BE A J7 vk, BRI B B ( Euclidean
distance, ED) " ¢ ffi ( Spectral angle, SA)™"
S 1E S B £ ( Spectral gradient angle, SGA) 121 Sl e
FH 22 £ ( Spectral correlation angle, SCA) B SR A
ek Z 8 (Spectral correlation coefficient, SCC) ™
3% fF B B ( Spectral information divergence,
SID) ") % 3 £ 4% 5% ( Spectral angle cosine, SAC)
S5 5 I 25 ARARL I 00 2 4 i DI 35 IX 20 BE ) Y 7 1%
a2 O S A SID I SGA T 45 4 Uy X,
KUMAR 467 #0041 9 2 BB i g SID A
SCA JHREAL4T, BUAE Y 5 42 (19 SAC Fi SCC il
B2 KONG 251741t iy JLAT BE 19 A0 56 3 80 A
X B 2H 5 A o LA R DT E A AT A I R AR

I

AE A% 52 TH A [) b 49y ) 149 D' 3% DX P, L D' 33 A 400
0 P G A A BB e R A R Y B X R ]
Cu® " JHp 38 B B R 1 Bk 0 R A RO, T TR A
R G T AL I 32 7 %
1.2 gEZRENE ED-T-DSGA {REGE

HSEEL Cu® i R TR K I R B R Rk A
0 35 ) 25 S B2 & W0, 245 & ED 5 Bk B A
(Derivative SGA, DSGA) IEVIM{E , # &t —Fp Lk E 4
J& Cu i5 4L R ED — T — DSGA 3l

(1) BRIREEE] (ED)

ED AT RATEEE 2 2% 00 1% il 46 78 i 2 b A 20 il 2
S, 2 AT ) Y A i B SR 25 R
TR . MRBAFTEP B n 19 2 5063 X 1Y, H

%ﬁ_’zx)ﬁxz(xl’ Xy, ttt, Xy, vt x")’Y:(yl’

Yas s Kew s ¥ ) HeH gy AR BEBERDOGIE
S0 ED (358 5T RO

D = ,Z(xi—y,-)z (1)

(2) SR A (SGA)

SGA Re % 53 H B B AH AL 33 19 Ja) 3 e AF 22 Ak
SGA JEAJUAUIZSEK 2 4> n 6 1) 2 45 B AR
o) o, SR e PR IO A BE 1) A ) LI AR BB TE
Mk X ALY BBEEE ) 5500 R Vo (X) = (x, — %,
—xy, L, —x, )MV (Y) = (y, -y,
Y = Yao) S DG B 1 20ROy

(Vo (X)), Vi (Y))
[ Vi (X) || I Ve (Y) ||

(2)

Xy =Xy ,%y

Y3 =XY2sXa Y35

VS(:A ( X, Y) = arccos

(3) K
O BT HOEEI 0922 5 it 19—
B T

, _ AR(A,)) R(A,.,) -R(A,_)
L Y W W
(i=2,3, -, n) (3)
AP AA—2 5 S PR
RO, ) —U A A, X5F 07 B % 35 v oy {
R(OA)—U A A XTI P I8 3 i) 1
RO, ) — A A, R0 4 38 135 e 7 (L
R' (X)) — &K A AR5 E
(4) IEV] R %L
TE ) eR S B 3 4G e B, Y A w4 I,
IEVIRREE N 1,5 R T w/4 B, R 5B b & A
JEE Y HG  E BE K  FHT IE U pR R X — R AT
PARCR Gk il £ fa) i B/ 22 50 3 B, PR 1)
BEIMBARALEEO ~n/2, 8 T 5IEY R
FEAE X (A) f R — 25, o7 LUK B 43 o 15 B8 AR



156 o ML O % R

(DSGA) VB O ~ m/2 ZE 40 3] w/4 ~ /2 Z[H],
o e A1 A ol /1N A IS T DL S B S O O
BV B X O 3 il £ ) 2 S A i 1 EURR A
(5) 454 ED DSGA MIEVI R B A ED — T -
DSGA & #1
XtIE AR ETE XY BEAT R A B, SRR XX 2
ZRA oy S AT B f . i (2) M (3) A]
WY e B ff (DSGA ) B
(Vi (X)), V(X))
Ve (XD 1V (YD) ]
Arf o Vi (X)——t38 X B — B iloor i 1) 4
Vi (Y)——838 Y By — B o o633 ri i
H1 T RRCEG B 2 (ED ) n] L3 531 74 A ARG 15 i 2k
TR JEE b 09 20 22 ), o0 o6 B 5 A (DSGA) Al
VAT Joy 5 _E ) AR 33 ol 2 1) 22 57, I V0 BRI 4K
AEAE m/4 ~ /2 Y N R S 3 ) 9 o/ 22 5, I
BE, 1 A S DXy MR I 0 22 S 1 A
T ED .DSGA FIIEYI K% ED — T - DSGA S 73
PR TR B A% o A 28 2 G 3 Dtan (Vipsgonn ) 7
TR RARBI G T 18] 1) ol /N 22 5, 3Rk X0h
Viser + 772
S
1.3 ET HA &R NREIEER
— AN SR P 5 eR RS () AT LA B0 3R 35K el 7F
Z AR YRR AL IE () 527 A0 & 4
AUV BT CHA) REA 43 i O 7T 0 i
LAEAS o 3 UCBOR ), L E A O63E 5 6 i
Y 2T RIRZE AN, R WA [R] 20 Ak U BT B G O3
SR AR G IEAF A 22 5 o a7 W o i U AR B 1 O
MR 22 BN A6, Bl iz F HA $OR & 5 5
A 6T i 2 AR B AR LAY R O 3 2R T 3R R
ED — T — DSGAJG % 73 Hr 465 4 1 X 0 e J3E A A8 O 3%
E AT AT S A R
HA 53 fif B9 SEA AR, BB — 40080 V() =
(s 2y, ooy ) (oo 5 0 PBE IS ST, N
P BB BB R AR AT AR N

(4)

Visca = arccos

Dtan(V,4;,.,,) = Dtan (5)

@

A
V(x :70 +h:1 [A,,cos%Tﬂx+Bhsin2h];‘[m] =
A - . (2hmx
Hr
A, =%(xlcosthTr+xzcos4hTﬂ+ o+ +x,cos(2hm) )
B, :%(xlsinthﬂ+xzsin4hTﬂ+ oo +x,sin(2har) )

C, =./Al +B;

¢, =arctan(A,/B,)

2017 4
Ak T U i I R 3R
Ay/2 B U AR T

A2 b UIE B3 Ak B8 A% 5% AR

B, —%f h YB3 it B4 1E 5E AR
C,—50 h Y I 73 ffk 138 B 70 IR I
@, —5 h YCE B Al 5 A AL
C,sin(2hwx/N + @,) —55 h g 40 2=

2 XBESHN

2.1 ZWHBRIA X

(1) 5256 41 k5 (R

L XF RN Cu’ " il P AR PR 1 BT
AR oK, 48 s 3 50 R 4 B 46 928 1 CuSO, -
5H,0, SRYEHEE B 350 ~2 500 nm ) SVC HR —
10241 7 &5 M 5 H 9 o6 33 (0I & J 3% B s . is
WEX = 120 B Ji7 W03 6 56 BE 11 oK i 5o
Cu’" &4,

(2) T oAKH 3

KAWL AR 7, B4R Cu®”
A CuSO, 7B ITE B I AL AE i p . B S5 A4
Cu®* raf 6 B L 43 311 4 0,250 500,750 .1 000 pg/s.
BEABE RSB E 3 APATER 4 15 @A dk . 2014
5 H 8 HMZFEEKRMTF,5 HO HIEHERES
F:#i NH,NO, . KH, PO, #l KNO,, E k& # 4 K
RS, BB K . SEER A R L 750 we/g Al
1000 wg/g W38 1) 4% K 72 4 v 1 ik 5 A8 3%, %
Wi DO TR 8255 T, I L SR e 0 ok T
HR440.250 500 peg/g 3 MAME ., B2 42
NG REE E KM 6 B R 5E ok

2+ AL L
Cu™ " Fa,

(3) JETE il R 4 5 4k B

2014 &7 A 17 H F SVC HR — 10241 %I #4715
TEACR S TR ROGHE, SRR ] SO W pd R AT
JEUE AN I BT A T 40 em Y 4° 0L AR Sk R
B 1 1O R S AR g B T Y- T AR R AT AR A
o 7E 0,250,500 wg/g 3 FfAN [l 17 52 55 20 19 oK
MR EAA I 3 TR RO (R B, R A 27 4
S RIS T 3 R Cu® T B R 3 4%
LT .

(4) TR Cu™ " A ik

2014 4E 7 F 18 H X R A i ol 1 Ko 5 4 1
M HEAT B ORI SE Cu® " b, ORI R S &k
Ve T A AR SR AL S B AEAE SR, 9 H 16
HRE i 28 5 R TR L SR TH A )5, 1 WX - 120
U W43 S BE I 2 Cu® " & Rk 7EAR W] 4%
7R B E TSR MRS A



Hal

BT %+ RN T4 BTS00 D — T - DSGA i 4 b7 i 70 157

2.2 ED-T - DSGA s> #&Ell FE 48 DL 1%

A O g/ g a6 Ao S B B0 F 249 50338 (£t R O
) Btk S i, o 435 4T 100,200,300 ,400,500 ¥
TR A T, AR T A e T D A e TR A S T 2, AN TR
Ty R U BT TR D il 25 D e S il e 1
JTAR IR ZE KW N 0. 226 0. 142 ,0. 103 ,0. 066 ,0. 026,

(b) h=5000} A4 1

(d) h=300m} FE A4 1

() h=2008} & i

AL 3 TR D 0 A R 3 4 R O 3 il 2 5
B O HT 2K A 2 T MR R 22 3 e, 5 DR D' T 2R Y
R e

TE A [V 20 i OO, FE AR D3 il 485 )R 0
il i AR AR EAR AL I i 2
Hos ZEMIEIEHZWE 1 iR,

(c) h=400R E AL 63

() h=100 T4l

B O [l 38 i 2 ik kBT T O 1 5 i R 0 3 il 2%

Fig.1 Reconstructed spectra and original spectra curves under different harmonic decomposition times
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MFE 1 Hal DLFE i, SA (SCA FIl SCC 3 i Jy ik
AN BE W] o K B A O % 5 A G X 4 T & I
I3 M8 BT DG A DG M &R 822 S D 5 O3 A DG
TR O A TE SN 22 57, X 43 R B & 5 DSGA i
EHT 3 B A B XA RO A i G i i ED - T -
DSGA 4 B 5L 70 3 3 T 5 A4 06 15 5 I 4R o' 1% 1] 19 1
ANFE S RO 3 T ARG 38 B T T )

G R

i 1 T A O 3 15 A O 3 1] 22 5 1 44 7
592 WL, W R 0 MR 22 L UM, 5
ED — T~ DSGA 4 Hi B it 5 6 5. B9 3% 0%
SR ED — T~ DSGA 4047 151 7 (8 , thy gk 36 ¥
TED - T DSGA 4} Hi B £ X 40 AR 8 7 1 FL
15 0] A A A
2.3 Cu’" BB 2 ik B

S0 S 0 0 538 43 5 0,250,500 /g
34 CuPt E AR 3 Al Cu® B BERE T I 3 434
(G2 0 P 2 BF R . 5 KM bR 16 2 50 4 R
Cu®* 35 Y 360 5 25 7 A 035 010 08 4% 2 1 K 7% 45
AEAS Ak, G 7E 2 A5 1 M B AR 0L, SR I T 0
SA SCA Al SCC S 1 I J J7 1 e L f6 AR 45 H X
4% TIE T ED — T~ DSGA 4447 BB 3 F Cu”
3 I T R O 2 5L 45 R 2 R
AT LK 5y 0]

X 9 3 OR 4 19 42 B X 7, ED — T~ DSGA
A3 ARG (DL 8 6 O/ 22 S 4K, 52 e 2
ED — T~ DSGA 40 47 K 0 i b, Cu* I 360 46 i
S T RMBRZ T4 B Cu 75 e % FE ™ T, AR 4
TR 0 (P TS0 6 K I T D ¥ e L, 52 0
4 i Cu 15 YL IE 3 ST



158 o ML O % R

2017 4

20 3Pl Cu’ A B EE R ORI G i £k

Fig.2 Corn leaf spectra curves stressed by three

. 2 .
kinds of Cu”" concentrations
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Tab.3 Dtan(V ,,.) values on corn leaf spectra stressed
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TP B/ nm
250 500
350 ~430 0. 66 0.70
430 ~530 0.63 0.72
530 ~580 0. 87 0.96
580 ~ 650 3.26 5.37
650 ~ 690 1. 40 0. 44
690 ~ 750 1. 46 3.97
750 ~1 301 0.33 0.24
1301 ~1500 0.46 0.58
1500 ~ 1590 1.07 1.24
1590 ~1919 0.18 0.21
1919 ~2 500 6.98 7.97
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Fig.3 Changing responses of Dtan( V4, ,) values to

different sub-band intervals
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