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1- Linear spectral unmixing analysis (LSUA)
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Fig.1. Residue and soil segmentation with
image processing method

oYL a8 pla sl jl gy SLE Cad e

i o3l 223l S o 3 Lliy gy daoy U | Siseds
axxlpe g o)) 5l oolitul b a8 15,5 i (613905 48 ol (1
sl ol yglcs § L (sl il dpnlone b o 5 4o 4

W9y 40 LS (ol ges s g)l5e )0 1) (65,9 S Gad g e
35 el

olle 3T Jas Bilas gund
3 oo yoghS YO ol 4u puS g)l50 p Lo yislojl
V) a8 plsl jlhed Jlod (5 yiegkS Yo )3 ably cuddgpe (b ol
54883 ¥0 5 d >0 O ¢ Jlos 4 b YO/FY 5488 ¥ g an
e i 1y SWlo dilate Curbge ¥ S5 (5,5 4 V/F-
9 )l @l glgil 1 g)l50 65y S5 (gl dilate (5liS
(ol RIsS I3, 5 alglS Jols (55,5515 sl b,
oMl adlo 5 lity oy Elil 9 (S0 + Jj2) o5 0 jyesl
Ll ol oS il ) oy (Slnj Sl 1S n
Sz o Lli copie dappile e dlaai ((5j)s S il
gaw 2 bl (hdgr 2oy I (rmwg 08 2948 o0 il laidugS
SlaoSan iolel g0 yusls 5dog 13 090 sdaline ac e


www.sid.ir

WAY 095 Jlumoni oY 03lonis F ol ((5359Li bocmislo 4yt YOA

(Canon IXUS 960IS) Jtusd ey Slasie =Y Jodo
Table 1- Digital camera specification (Canon IXUS 960I1S)
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Type Pixel Focal length Zoom Speed Continuous shooting Image size
1/1.77 Optical (3.7x) Max (4000x3000)
CcCD 12.1M  7.7-28.5 mm Digital (4x) 1/60-1/1600 sec  Approx. 1.5 shots/sec Min(320x240)
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Table 2- WorldView-2 sensor and 4 standard bands image specification (DigitalGlobe Inc, 2012)

s glail (o3b) z9o Jsb b o gad
Sensor Bands ‘Wavelength (nm) Sensor Specification
Panchromatic 450 -800 nm Launch date October 8, 2009
Blue 450 -510 nm Orbitaltitude 770 km
Green 510-580 nm Mission life 10-12 years
Red 630 - 690 nm Period 100 min
Near infrared 770 - 895 nm Dynamic range 11-bits per pixel
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Table 3- Information of various spectral indices used in this study

Index

By 25 &
Definition Reference

MPRI (Modified photochemical reflectance index)
BNDVI (Blue normalized difference vegetation index) (NIR-B)/(NIR+B)

(G-R)/(G+R) Yang et al. (2008)
Yang et al. (2006)

GNDVI (Green normalized difference vegetation index) (NIR-G)/(NIR+G)  Gitelson et al. (1996)

RVII (Ratio‘vegetation index 1)
RVI2 (Ratio vegetation index 2)
RVI3 (Ratio vegetation index 3)

IPVI (Infrared percentage vegetation index)

DVI (Difference vegetation index)

VARI (Visible atmospherically resistant index)

GRCI (Green residue cover index)
BRCI (Blue residue cover index)

NIR/R Jordan (1969)

G/R Jordan (1969)

G/B Jordan (1969)

NIR/(NIR+R) Crippen (1990)
NIR-Red Roujean and Breon (1995)

(G-R)/(G+R-B) Kaufman and Tanre (1992)
(G-B)/(G+B) This study
(R-B)/(R+B) This study
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Table 4- Correlations of spectral indices data and ground residue cover percent

o ls B g5 5 e Ol g g
Index Linear regression equation R
RVI3 GRP =234.2 x RVI3 —348.2 0.194
GRCI GRP =867.3 x GRCI - 174.8 0.197
BRCI GRP = 515.4x BRCI+ 7.014 0.484
VARI GRP =-514.2 x VARI + 192.9 0.618
BNDVI GRP=371.4 x BNDVI - 26.62 0.648
MPRI GRP=-961.6 x MPRI + 224.2 0.660
DVI GRP=3.944 x DVI - 22.27 0.697
RVI2 GRP =-315.1 xRVI2 + 506.9 0.748
GNDVI  GRP =477.6 x GNDVI + 77.59 0.754
RVII GRP=357.4 x RVI1 - 409.4 0.809
IPVI GRP=2112 x IPVI - 1131 0.813
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Fig.6. Relationship between RVI2 and GNDVI spectral indices with ground residue cover percent
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Fig.7. Relationship between IPVI and RVI1 spectral indices with ground residue cover percent
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Table 5- Mean reflectance data for each category of tillage intensity

Tillage intensity  Band 1

Yaib Yau £l
Band2 Band3 Band4

Intensive tillage
Reduced tillage
Conservation tillage

No till (NT)

82.2 54.2 65.7

84.9 55.9 68.0

90.2 62.1 79.4

93.5 67.6 91.1
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Table 6- Comparison of mean IPVI and RVII indices in four tillage intensity categories

G09S ol IPVI lausgio RVI1 Lhawglo
Tillage intensity Mean IPVI Mean RVI1
el sy 0.5740 a 13480 2"
Intensity tillage
ShesE o5 0.5603 b 1.2749 b
Reduced tillage
Bl S 0.5486 ¢ 1.2155¢
Conservation tillage
SinSB
i 0.5480d 1.2124d
No tillage

A3l 70 o] pdas y Iy gae iglas odimd Lis dilie gt 53 Cglite gy
" Different letter in'the same column indicate significant differences (p < 0.05).

0.59 1.40
—e— IPVI —8— IRVI
0.58 135
0.57
1.30
= =
0.56
3 =
F1.25
0.55
0.54 120
0.53 1.15
IT RT CT NT
Tillage method

RVIL 5 IPVI (sla sl osliiwl b (65,985 cond (canaib -8 JS0
Fig.9. Tillage intensity classification with IPVI and RVI1 indices
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Table 7- Validation of tillage intensity classification

St o Bl g5 337 B (55,956 S5 B wad
No tillage Conservation tillage Reduced tillage Intensity tillage Tillage intensity
Number of location validate
w05 30 S50l alaie doei dlass
9 9 7 8 Number of results coincident with
ground measurement
w05 3 S50l Balaie pé docs Dl
--------------- 1 -mmmmms Number of results no coincident with ground
measurement
--------------- 1 I (IT and RT) Siye sl
Border classification
100 100 73 29 (cssre éf.w'uav\f) eBly b <8
Exact prediction accuracy (no boarder)
100 100 89 100 (ire @ L) o g <0

Overall prediction accuracy
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