$13% H3W ] 2K ) 2K H B 2R B 5T e 24 4] Vol.I3  No.3

201546 /1 Journal of China Institute of Water Resources and Hydropower Research ~ June.2015

XEHEE:1672-3031(2015)03-0233-07

BMAENETH®RNERN_RNBEZHREMELETLIEEERETZE

g oM BEE, RAA, FEW, Ere’
(1. FRAER HEER% 5 TR¥%BE, B 2016205
2. HpEAKFK R AT BE KRB, dbaT 1000385 3. AKFIER KW A, dLiT 100053)

FEE B G ul M2 il BE A7 7L MRS DL AR G 2R B 30 J7 VRS R AT RO T A TOLISE By a8, 32 TS5 Haar
JIN B 7 48t T AR i /)N i%mﬁm@mﬁ%@mﬁimMMTmﬁ FIRZ 75, ﬁf@m@fﬁm%mmﬁm
Bl 2253 3 RO R 3 B9 Haar /N AR $00 )5, K IR DG 1 ﬁ%rﬁﬂﬂA%ﬁ S B R /0N IR A R A Y O S
@W%jT%ﬁ%WFﬁMFmﬂwwleﬁﬁmﬂ FJEHAT T IAE . 255K . HaarWT-PLS 3 B 1% W1 ik
Rl RO B R, B R AR AN A 38 AR AR 22 40 S A 25.05 mg/L il 20.10NTU, - ¥4 A1 XF 3% 22 43 %1 R 20.36 % 11
13.88 % . 3o 1AL BEASETY | — B Gl o A TR R Ip B L (IR TR R ARG 8 X L A0 BT, AR SCAE ST Y Haar WT-PLS BT
RV Sk T O AR R R R A R R R R R A i AR

KB NP dnb AR mOGIE; BEY; M

mESES: X832 XERFRIZAS: A doi: 10.13244/j.cnki.jiwhr.2015.03.014
1 B

PR i 7K S K 5T 2 B I W R B A B A AL S I T B R B R A L SRR SR, ik
A T L 22 A KB M 1 S B R T R AR T LA SR A L g T T B R AR
LI R ﬁ%ﬁ%%ﬁmﬁﬁﬁfi@ﬁlﬁ’ﬁix, T 8% 7K IR 3 S P 5 48R 1 A A R

R0 1 K R SR IR 2030 L AR R B 4 D ik AU B B LA B
R, I s & 3 oAb B B A A5 B, 0 32 i ROORS JE A — E R0 o il iz /]y — 3¢ 12 (Partial Least
Square, PLS) My fif e b3k [ @il 2 41t 17— J% CH AR, RIS HE R T, A & R
PLS J5 VR e WG B2 M S i 1 S K AR 20 3R B KA SRR ARV, UERD T PLS RE S AL B 2 /D
FEAC I 1) B 5 st #E45 F PLSARRUER IR T A7 3k 111 /K R /K PR IS5 36 a W JEE LB TR VR BB, R A
T L 4 2 2 B A RO S ) 5 5 ) A0 A SR A b /N S e A PLS R S B E U B, IR T
FCEATBORRIE ;. Lu " 0 Song " 45 P 1 51 0B 5 R I 5 38 a MR JRE LU UK A 0 B B B AL, T
KRB DKM SR a W19 GA-PLS SO R, 15 = BURCGE B RIXS L, B AT 0 9 K5 B2 A s
RS o A WD 4 R0 A T S e DR Y S S K 6 R R AR, A X R AR O
M R4

ASSCAE [ A A E SRR R A b, LR I S TR e R R et B ] 2D i R ST O R R R
Haar /N2 A BRUG D61, 5 db IESS/NBCRT EE, R Haar /N RE 52 BLAE 5 A9 PR S W‘ﬁ*ﬂi*’]HT
SR MINI R I, U b, AR TR Haar /N A8 SR B/ 3 A 5 O B AR ) % (Haar-
WT-PLS), 57 1 PO I8 7K (A ok 7 0y e J8E 0 ekt B2 S s R, 0 LA B Be v e B LU (B v A — By
PP IE AT LRI M, RIS A 1 AR SO S A Y o 38 e FLOE A

Wk H 7. 2015-01-20

HEWH: TR EFRRHE IR (2013BAB0O5SBOL) 5 (5 23 HESE T b LI 3R 4t 7KL 551 (08-Y30B07-9001-13/15-01) 5 [H
K ARB2E IS TE (51309254, 51209223) ;1 7K FI 7K L BL 2 0F 5 Be BHIE& 551 (58 SEAFHIE 1401)

EG RIS ®5101991-), B, ZRORMA, Wi+, F8NFHEOKREE & i &Y . E-mail: yinc0416@163.com

WIRAMES: 1Rz (1983-), B, WMIFE A, B LRI, 4, FENFEET R REUKE B L5 R e b & 5K
PRV VR BE PN 5 I TS o E-mail: yeyuntao@iwhr.com

— 233 —



A /N DAE A i e/ R T AN mOE IR @Ak W 51 RisE BAaF ARl sk

2 WRFE X HE O K B A Rk

20 FARERMBER A T IR VR A, bl o W phl L e B A 4 A
A 1266 km®, JIELAIAN 3.17 77 km®, J2 I E R ANRKIAZ —, R m AKJE I A2 AR B K
TR AR E WA, A BEE . PUR . M. UK. SR ORIFE — KA IRE. 20144 DIk, INARE
AT S, R VDK LR T R, 43 R ZE AR K A R AR AR A OK A, KA RESE AR, 1 K T A
T b TE RS T 9 i /DN KRS AR ZL, KR B Re ) R RE, K BUBAR, ™ EE S R DY B O R
H A= 06 IR Gl o % R DU 98 7K 5 2 AT W 0 Xof O B 1 W 9 o 30 s B 0 R T K 22 4 DA Rk g /K b 1A 2R
2 AR A 52 it B A B K S

2.2 EIGHIEKREN 20144E7 71 21—23 H, FErG VUG T 15 SRAE AL, XP/KTE AT 615, [F
B 2 JZ K BEATIORE , TG [l 5200 5 B TR . RAEEHII R m AR E D, K BN, K
TG A A S P, TR T AR AR R, SRR I A A A T 1 TR o O I R SVC A R AR T Y
HR-1024 114 Y6 1% 48 S 1o 1t 52 ) 3€ [0 Ay HACH 3R 4% 1 900 C Bl 2, B3 W ke 8 0 v R 5k
PEHET L, SR IR E T 105 CHLAR TP T2 h, BREOKAPIFARE, SRS AR E 5 g B UK A JS T
105 CHET 2 h FRRFR R, K R EE s AR, BR DAL 8K AR IR R, RISRAG BB TRY sk g . BBk 6
S 12T T, R 8 R T, R 4N T IE

i
S E o

///f”” o FHIIIREES
- L&

L mR

>z

0 5 10 20 30

IZE‘J'I'I - — ki » /
B SR i oA

3 FEE Haar /)N 28 0 1 /N — 3 Y 7K 53 1 s O 1% 4K 7 vk (HaarW T-PLS)

Haar WT-PLS #5514 J2& 78 Haar /N A8 40 (WT) Fl i fe /N 36 3 (PLS) B fith b 2 b, L e S it
e I IR 6T B4 Haar /N AR 90 J5 (9 8008 4 A PLS £A%
3.1 /NETHEHaar /NS RS GRS S AN R R EM AR A 2 PR .
32 PLSEMREPLS @ IRME3IFI/R. BEFHEALE I, BERANE N p Y B 2 X (nx
— 234 —



F A /NP AE SRR e/ R TR A SO A g W g RiEE RAH AR Hahh

p)z{xl, Xyy e xp}*ﬂ&“iﬁ‘ﬁﬂﬂqﬂ@ﬁi?ﬁ%l/(nxq):{yl, Yy eees yp}o [EE T D S
Y 2 22 B LAAR UE 22 AT AR EAL AL B0, S AT DU AR TG 3, S Bk S s i AR 25 hRilEfL
ALI‘IEE%?U%E@EOMXP):{%*, Xyy e x:} %ﬂFO(nxq)={yl*, Yyo eees y:}; e, A5k E M F Y
i AR AE A A i RRE AR A0S 17 R AE 1] 5, SR IBCER — A F iy ¢, BEOK o TEHEAT E R 248 R 015 B
[F] 5 B85 X P 0 A e KA BERE 0, 2 ol 58 XA Y OuF o, i 1m0 05 O A%, G 3 [ 09 R 5 3k 381 B 1Y
KERE, AW KT B OR, B2k, BN E) F F R R E M F,, $EBCR Z A F s,
WLAEER, B0 RS B R Rk . B 3 SS, Fil PRESS, 43 5l 46 D A8 5ty 8 5 FlOAS 5] 04 5 80T 1) 000 43¢
ZE V05 A, BRI 32 o0 R0 R [l AR A

HeE Gt % H 2SR
FEAs R Y

e aniia

Haar/NEz A5 #

v v
LTES R AR
£
g & PRESS,/SS,_, <0.95
= A
WRRNE (R Bis
HE R w
¥ SRS E
L ES S
A 4
Cow o]
B2 N R /3 PLSAEREMIR

33 EXEMMERE  PLSHHLrh PR 5 LE T A A BT LR S AT A R S B L (R
(T y, 2 0% FH 4 3 R AR R A A B4 HEAT 01 49 BF AL L 505 i A B A MR T AP 5, %%
TR BB { IR A 0 RE A BRI A A T AN MEAT I R 5 SR AR TN 5, R, W

$S, =Y (v, =)+ PRESS, =Y (v, -3,.,) (1)

M PRESS, [SS,_, < 0.95%F, AN IIA M E A EAS 38 m B ALRE 2, L2 Nak. T RBCR A
R’ (pred ) WA/ 5 A4S T (1) RS

SS PRESS
R2=1—“—h, Rz(pred)Zl—n—h

>, -7) > (r.-7)

i=1 i=1

34 EMSBRBEENSN PLS M AL X b S BUR 32 o5 5 A0 R 2 & Y A AR SR A A G, REASAR
Ui RE X M Y S A5 R, BRI kS e 19].

(2)

4 FF HaarWT-PLS J5 ik 09577 W vk B A0 b B Fz 6

4.1 FGHEFAED T R VU K AR TR A v R 0 A AR Ak Y 4 R 16 ~ 210 mg/L 1 39.5 ~ 338
NTU, Z5Ak3E BlAE K, FRIE 5 510 98.55 mg/L 1 147.97 NTU, 6%l 2 45 B ik 4 fr s . MK 4 h
AILLAE H, BT 2 a FE @G 400 ~ 500 nm 3% K T FEL PN ' A4 5 08 i S B0 FRL P A K R R S
R0 A% ;560 nm BT A R G Stk R L B N R 5 Rl i . BRI U AR A O
A4 5 a 2 A5 AE A6 I A 5 TR S 3 AR 200 D BE A SRR, i 680 nm [ 3T B 55 — )

— 235 —



A /0N U A 4 A i o /N R A B MR B AN B LIS A A B 51 RiE OBLH ARl ERH

WU 5 700 nm B I HE B0 B S 06 R 1 BE SRR — AN E B RERRAE AT DURE LS VR T s R AEAE
SERALF EFRE s 4K TE R T 730 nm 3 B 3 P 082 A 70 R R 0 08 5 BOK RO T S ) R
s BV WO A R A5 75 810 nm BT U B T S — S 0, A7 8 ol ok 37 0 Ak R 1 484 o e R D 1) K
WIrmBs, X amme .

4.2 i ph sk Haar NEISH A SCHESE 400 ~ 900 nm 75 L 4L 370 A 3% BE R 51 %, SR FH Haar /N Xf
TN R RUBE A3 M, 0 e RO R DR 3 18 4 A I /N i R BOBR /> R R A R R 1 0 e 40 R B fo B %
OM R T B A s B R R AR AR AN B R B 7 AR 2% (TRMSE) 3 AN 4545 ok % )& . oo
TRMSE I (3)315 .

TRMSE:ij{i(l%m(j)—l{w(j))zj/n (3)

i=1 [\ j=1

K m MRS AEG n MIEBEANEG R (AR, () 43 ) R TR R 6 1 I 5 RN /N R IS 6 RS
BIR

FI I Haar /N5 A28 400 60 I 05 Y638 S 58 04T S RE (38 2. 3. 4. 5. 6) 40, 19 3 =5 45 AU
REC, WD TH— BE W SR ECE R E, SIS EE g, R R AR B A R BCE M R M £k
SRR B S S5 B4R AR DL 1. 45 PLS BEME A0 I K IS 2 FREAS S5 80, 2o KA R i ARt 1™, I
I AE PR B8 DR R 63 5 8 B SRR b, AT B g KRR B b R A D i RO, 4 AR L R [ o R R LR
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Hyperspectral modeling method of suspended solid concentration and turbidity based

on the coupling of Haar wavelet transform and partial least squares

CAO Yin"?, YE Yuntao’, ZHAO Hongliz, SHI Yubo®, JIANG Yunzlrlong2
(1. School of Environmental Science and Engineering, Donghua University, Shanghai 201620, China;

2. Department of Water Resources, China Institute of Water Resources and Hydropower Research, Beijing 100038, China;

3. Department of Water Resources Management, Ministry of Water Resources, Beijing 100053, China)

Abstract: Aiming at the noise in hyperspectral curve and the problems that traditional semi-empirical meth-
ods cannot effectively use all effective spectral information, hyperspectral modeling method of suspended sol-
id concentration and turbidity based on the coupling of Haar wavelet transform and partial least squares
(Haar wavelet transform) is proposed. Firstly, the original spectral data of Nansi Lake on July 22 to 23,
2014 are compressed to 47 feature variables using wavelet transform with the wavelet function Haar and de-
compose scale 3. Secondly, according to the reconstruction data of spectra using wavelet transform, Haar
WT-PLS inversion models of suspended solid concentration and turbidity are established and verified. The
results show that inversion of suspended solid concentration and turbidity using Haar WT-PLS has higher
accuracy and the root mean square errors of validation samples are 25.05 mg/L. and 20.10 NTU, respective-
ly. The average relative errors are 20.36 % and 13.88 %, respectively. Through the analysis and comparison
of single band model, the first derivative model, band ratio models and Haar WT-PLS wmodel, Haar
WT-PLS model proposed in the paper has higher accuracy and stability to retrieve suspended solid concen-
tration and turbidity.

Key words: wavelet transform;partial least squares;hyperspectral;suspended solid;turbidity; Nansi Lake
(STt & R)
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