Vol.31 No.17
Sep. 2015 115

F31E H1TM
20154F 97

VG| D s i

Transactions of the Chinese Society of Agricultural Engineering

BT RAISNR S ROCIE RY IR 5 TN AR Y A9 32 37 S5 1050
MAKE KEAR, BEHAERFEE K T E K A

(1. B R eI S R R R B, B ARTT 8300465 2. Bial KAk BRSO T i si g 48, 58 K55 830046)

W OE: TS o AT BT T LT A R ZEG AR, S I Ay O G TN, B R TR A
R 5 BBa e feall. B 458, KA FTIR (Fourier transform infrared spectrometer) i[5 5 & 4 24 B AL FURAF3E4T
LR R RN R R 4 B o 18 FH T T V2 T A X B AN ) A RO RS SRS R A T DR 2 Ak B
Hk, SANE LIS AL R 2O EAR AT RAE T SRS TE SRR AL R S S0 (1 2 al Bl AT 4 R
ECE AR, TS R 20 S 1 A e b R 30 5 T Sh B [ A G . /e, £ oA ik
AT TR A TR BV . S5 SRR S BE ab T )5, RO =R B A DO TR ARG ) dhaT
SR ST TS A R, RPIAH 0.82. %I UK SAT S0 E AR 1) 2 S S iR 1 FH 1 - B R A s
BrRbaz il iy, 4 S B 3hi L IO R ST RO Bt S

KER: DR Hh oA B it Mook RAAEE BY S A3

doi: 10.11975/j.issn.1002-6819.2015.17.015
FESES: TP79; S127 MEFRERS: A

MRk mEA, BAEBHMRSFRE Kk % & & K F ETAOMEHFEAZNTIERSTUNERLMEILS
BHE[J]. Ol TIEER, 2015, 31 (17): 115—120. doi: 10.11975/j.issn.1002-6819.2015.17.015 http://www.tcsae.org
Ardak-Kelimu, Tashpolat-Tiyip, Zhang Fei, Lei Lei, Zhang Dong. Prediction model of saline of soil and its validation based on
thermal infrared emissivity spectrum[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the

XE/HRS: 1002-6819(2015)-17-0115-06

CSAE), 2015, 31(17): 115—120. (in Chinese with English abstract) doi :

http://www.tcsae.org

0 51 &

Bt A BOMR B /SR ANBE 0, Bt 3 2451
SRS RO R N R ORI R,
AERYE RN BT R N R A R,
{HOZ HARIA B S . AERIEEESS . s NS 1
WARRRA, G BAT i FRa R i RIS .
SR, AT 5D R AR U A A il AUREA T K AT A
W RE, TR AL IS LS X IR 2 5 Kk
J&, AR ARG T, S LI R R AT H
ARG E R B AR GEUE . T YRR, 702
X BEAS YU ) AT SN W I ANRIE 5 o 3B SR AR A R
BRI S Sha A7 s TR R, HAARE
U 2 e 398 R A AR A 1 e

W JLAEAE, RN A R 5T L ) 3 e ) = B R T
/b i IR AW/ NN AR O 32 SOV A Dy A S 4k
Mt S K, 0 A BRA R L AEARIREERI N SCAE

WA E I 2015-04- 08 f&1T H I 2015-08-07

HEE&EWH: BHRARBEESESHE (41130531); L A1H 0 H
(XJUBSCX-2012027); JFURE (XJIDX0201-2012-08)

YEF TR Ay BURIESE, Lo, WEER i, s AN, ik, FE5m
5 RN S DEARF PSR SRR B
KGN A A T S SL5%, 830046. Email: ardak426@126.com
KIUMAEIES: BV RAR AR, 5, 4EBORIE, Bt AN, HE, 10
LAGIE, ETOFROT O R S I R R BEARSE HiEE Y
VG IABIRI A2 PR N A S T TR A =, 830046,
Email: tash@xju.edu.cn

10.11975/j.issn.1002-6819.2015.17.015

DR 3% AT 2 M F 9T . Lenoel 43 A FH g 4R 7K
AR ER KR K PEHEMRARAAE D IG 358, IR DU B AR A (1)
Jeik . NDVIEA WG, JfL Hadh s S sr
K %; Wang ZYHIH] EO-1 Hyperion 3 &1%, 1
HEER B FEEL (spetral soil salinity index) Fl1-1-3E£54)
Tr it (soil salinity content) Z [A][F) 5 fEA Y, HOOF 1458 5
AT, VPSRRI B s AR,
M B 2L OB SGREE X W FEIX, RS AT 15
K, FybE. BRSO R ZOhiE g, 455
E B 3 R S S i R i K S HN AR AR
S CE . AT R BPANAE 41 T, X #6351
A SRR R R BT I, A AT ORI R el S
B E RS R M R OC R R AL HI-1A &
AR R IREAE, o3 6l Bt 2 K H AR A B
ARSI - 5 B IRV (RAH DG, R 2 [ml )3 7 vt ar
T R B . TN LBOR AR AR AE B ik
g R 4y T B AR B Tz, ARAR A AR SR
H 2~ 16pm Bt I IET AN RS 2001 s He G ik +
BER.

A SCRIFH 102F {485 2O 5 AO0) S LGt AN [7] 145
2RI G AT Y A, FIH FTIR RS 5 A0
ROy B AL PR A B AT IR S R R B, A3 3
RSN E T TN Gk s A P AR S S
TERFAE, X R IR AN RS O IR A E R AT 4
AR, SRJEH LS S EIEATAHOCIE T, R 20T
[0 75 ¥ s v g R R RO, R S 1 £ 4



116 ok T2 Chttp://www.tcsae.org)

2015 4F

P B FEAT IR UEATRE BE VP, DU TR IX i+
s B BRI S %

1 #MRE7A%

1.1 #HHREXER
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Fig.1 Map of study area and distribution of soil sampling points
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110 254y LRERROY RN 200 g, BRICREAN AT (K AT
Y NI T . A4S E WTW  ( Wissenschaftlich
Technische Werkstitten) 23 & 4771 inoLab ® Cond 7310
HLA A K G 125 10 g B b e #h L, AR5 4
PEH R IR B B (g/kg) , H T AL PR
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1.3 ASTENEREFINIE

ASCAEEFANFI T SEE D&P 28 7] 24277 14 102F {46558
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RS R GG AR B TE A R R RS
B, NG IE S TE 09: 00-12: 00, Hifide Y EL
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5 min; 8 AR PRI A5 LA 22 505 T 4R 5 AN RAE
RN S RO o R AL A R H bR LR 20
F 1m.

1 FTIR RIENSE

Table 1 FTIR spectral instrument parameter

Y Spectral range/um 2~16
e sr 2% Spectral

resolution/cm’* 48,16
JEHERSE Spectral accuracy/cm’ £0.02
TARHEVEE Temperature/ C 0~45
W P 45 0 % Noise/ C 0.01
JSF Size/ emxemxem 36x20%x23

7t 8~14um [FJILLAMGIEIE N, R4 A
T, KRATATIERSS 5 A, AR s BT B2 21 11 34
A RE R E TR HARHY, KA, KR SR A i
Fe DT JE R A i e i, K BH NS A S 1 s S 11
o, N, IR T W, ZDAMEEAUE A B R
(RS 2T
Lineans(, T)=[€: Lyp(A, T)+H(1 —&;) Lpwr(A) 10amtLuwr(A) (1)
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P B S e B, T B v R A R O R AR
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AR TR . PRI TS SRR R BN S A B S 1 S S
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WA T o, T
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LR T B (0 A S 2R I e B A 2

&1= Lineans(A,T) — Lpwr(4) Lyp(A4,T)— Lpwr(4) (2)
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LA IR B R — 2 B B R SR e —
AN SEWIE, AR il — 2 S TR B R, TSR
FEEARLFIT S I P ) e S e il 28 1) P B 48 4. Ingram
W Fa#5(SI, smoothness of index) & X K.

$=E@—&i%3ﬁq (3)
g RoR e H R ST V)2 7 ik B RS A
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FIFR FTIR 5 5 R 235 B AL FRAR A VL0 CRR A8 il
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HAESIRENN M, RS mgm, MhkiE
PHNS— 8 AE 8.0~11.2 um 0 [l A i 2R A8 A0 T LU
Ko SEICP RN, I 1 AR 1 s Sy
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Fig.2 Thermal infrared emissivity spectral curves of soil with
different salt content
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Fig.3 Correlation coefficient between salinization soil content and original and its transformation spectral emissivity
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Table 2 Result of stepwise multi analytical regression model based on different preprocessing
o A R LTS

H2/48 . Mathematical transformation Corres ufn%_iﬁ}%an &/um Regression Modeling Validation

ponding bandu R F Rk R RMSE

TN VAT 73

E?E.JUH Lo 9.3 Y =805.9x-743.42 0.66 166.7 0.708 1.769
Original spectral emissivity
N;&/}.E}ﬁ. . 9.4 Y=682.4x +491.6 0.78 188 0.610 3.191
Logarithmic transformation
P77 #i% Square root transformation 9.4 Y=0.909x +1.057 0.94 289 0.822 0.926
#m R L . 9.5 Y=145x+673 0.75 109 0.700 1.973
First order derivative transformation
s G
e 9.2 Y=243x + 740 0.73 99 0.770 1.881

Second order derivative transformation

2.3 FRMIERE ST SR EAL

5 L33 1 R S 2 B 1) AR 4 R0 43 A R Ak L
SPSS17.0 # AV T R 2 S R J7 vk v 3 $h = K 7l
URET Bl i) 110 ASIEREAR S sy, Horft
Bl 65 AN T @ acsy, I 45 AN TP
R KAE . 1R o i S DIME A o AR &, J5UAR R
T AR 5 1) G i B A AR &, TR
JCIEIA ST, ST 3 AR A (R T AR AR

Wit 25 (R Bk ZE (RMSE) « F i
X BT S N7 ) PR TR RIORS FE AT VP4, 38 2 . RMSE
RL /N I OO (L0 2 ) P 22 ), AR ) 9
MEE NI R, B3R 2 w0, PO ARAR B K IO TR K 15
ek, BRAEAYE REC (R N 0.822. TR %
(RMSE) 4 0.92, F K3t Epr At b g Ky, 14
ThoyEr i B SEME S T E Le s LB 4. I 4 v, X
LU 3k Bh Ak -1 B R AT Ab e S 3 0 7 U7 AR AR N
MR AR

i
R = 0.9094x + 1.0571

R*=0.8226

10 20 30 40 50
k43 Caleulated soil salt content /(gkg')
B4 ATAHEREFFTREBGGLER S ESZTTALS
SEMME G g
Fig.4 Comparison of measured and predicted salinity soil based
on square root transformation for spectral emissivity
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Prediction model of saline of soil and its validation based on thermal
infrared emissivity spectrum

Ardak-Kelimu , Tashpolat-Tiyip®, Zhang Fei, Lei Lei, Zhang Dong

(1. College of Resources and Environment Science, Xinjiang University, Urumqi 830046, China,
2. Key Laboratory of Oasis Ecology under Ministry of Education, Xinjiang University, Urumqi 830046, China)

Abstract: In arid and semi -arid inland areas, due to high evapotranspiration , the minerals in the soil water accumulation in
the soil surface, soil salinization becomes a serious threat to the local agricultural production, ecological stability and economic
development. At present, most research on remote sensing technology to monitor the saline soil is focused on quantifying the
relationship between the saline soil salt content and its associated, environmental factors or human factors and visible-near
infrared, thermal infrared, or microwave remote sensing data. In this paper, we took the Ebinur Lake in the northeast of
Junggar Basin Xinjiang as the study area. Thermal infrared emissivity spectra unique characteristics were used to determine
the degree of soil salinization. First, we used the platform of FTIR (Fourier Transform Infrared Spectrometer) temperature and
emissivity separation processing software to separate temperature and emissivity in order to obtain the original soil emissivity
spectral data. Then, the spectrum smoothing iterative method was used to separate the soil emissivity and thermometers for
elimination of environmental and human-caused errors when collecting spectral emissivity data in order to get the real soil
emissivity spectral information. After that, we used Gaussian filter smoothing method to filter noise spectral data. In addition,
we mixed the pure soil with salt to achieve five different soil salt contents: 0.1, 2.3 ,9.7 , 26.22, 49.8 g/kg soil and a pure soil
with no salt addition, and analyzed the thermal infrared emissivity spectral characteristics of them. The raw spectral data from
them were de-noised by square root transformation, logarithmic transformation, the first derivative, and the second derivative.
The four transformations were compared in their normalized ratio, and we determined the relationship between spectral data
and soil salinity. We also used stepwise multiple regression equation to establish six different forms of forecasting models. By
comparing the models of analysis, the establishment of the square root transformation had the highest prediction accuracy and
R* was greater than 0.82. By use of stepwise multiple regression model for each data set, the modeling results very stable, and
test sample coefficient of determination R*=0.82, the root mean square error(RMS) is 0.92. Prediction model had performed
very well, between the Ebinur basin of thermal emissivity spectra of soil salinizaiton in square root transformation and salt
content has exist a function form. In this study, we discussed the hyperspectral remote sensing monitoring technology that can
be used to predict the soil salt in Ebinur Lake basin, it provided the technical methods for the large-scale, low-cost and
real-time monitoring the soil salinity. Such variation of emissivity method would promote the development and application of
hyperspectral remote sensing technology monitoring on the space-time dynamic of arid land saline soil for future regional
ecological restoration.
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