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Classification of Soil Textures Based on Law’s
Features Extracted from Preprocessing Images on
Sequential and Random Windows

R. Shenbagavalli and Dr.K. Ramar

Abstract--- Texture analysis has been used for recognizing
synthetic and natural textures. Textures are one of the
important features in computer vision for image classification
and retrieval. An important approach to region description is
to quantify its texture content. In this paper ,the Soil images
has been analyzed using various image pre processing tasks
such as Gray level thresholding, Low pass filter, Edge
enhancement using Prewitt’s Horizontal filtering and then
Feature extraction using 3x3 Law’s mask convolution.

The features are constructed on preprocessed methods
applied on the Soil texture image by considering different
types of windows. These features offer a better classification
rate. The experimental results on various Soil textures clearly
demonstrate the efficiency of the proposed methods.
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l. INTRODUCTION

HE principal approaches used in image processing to

describe the texture of an image region are statistical,
geometrical, structural, model-based and signal processing
features. In which, the signal processing methods involve
transforming original images using filters and calculating the
energy of the transformed images[1]These are Law’s masks
,Laines — Daubechies wavelets, Fourier transform, Gabor
filters.In this paper ,we evaluate Law’s feature extraction
method to describe texture of Soil images using 3x3 mask
convolution. This method is based on masks that aim to filter
the images. From each mask, Five classical statistical
parameters can be calculated.

A. Laws’ Texture Measures

The texture energy measures developed by K. I. Laws have
been used for many diverse applications.T hese measures are
computed by first applying small convolution kernels to a
digital image, and then performing a non-linear windowing
operation. The 2-D convolution kernels typically used for
texture discrimination are generated from the following set of
one dimensional convolution kernels of length three and five:
L3=[121],E3=[10-1],83=[1-21],L5=[14641],E5
=[1-2021],S5=[-1020-1],W5=[-120-21],R5=[1
—4 6 —4 1] These mnemonics stand for Level - average grey
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level, Edge - extract edge features, Spot - extract spots, Wave
- extract wave features, and Ripple - extract ripples . All
kernels except L5 and L3 are zero-sum. Convolution of
texture with Laws’ masks and calculation of energy statistics
gives description features of a texture that can be used for
texture discrimination[4].

Il. SoIL TEXTURE

Soil textures are classified by the fractions of each soil
separate (sand, silt, and clay) present in a soil. Classifications
are typically named for the primary constituent particle size or
a combination of the most abundant particles sizes, e.g. "sandy
clay" or "silty clay." A fourth term, loam, is used to describe a
roughly equal concentration of sand, silt, and clay, and lends
to the naming of even more classifications, e.g. "clay loam" or
"silt loam." Texture is important, because it affects the
movement and availability of water and nutrients in the
s0il.[9]

The rate of water percolation is another way to describe
the texture of soils. Soils percolate water at different rates.
Soil should be watered only as much and as fast as the soil can
absorb without runoff.[6] Sandy soil absorbs more than two
inches of water per hour. It as very porous. Loam soils absorbs
from 0.25 to 2 inches per hour. The soil is loose and porous
but holds water quite well. Clay soil absorbs less than 0.25
inches of water per hour. Clay soil is dense with few air spaces
between particles and holds water.

I1l. METHODOLOGY

The present paper computes statistical parameters derived
from Law’s 3x3 mask parameters on sequential window (SW)
and random window (RW). The size PxQ of the

SW/RW is chosen based on the conditions 2<P<M and
2<Q<N. Where P,Q are the window size and M,N are the
image size .The starting position of the random window on the
image is determined based on the equation (1).

Y(n+1) = ((@ax y(n) +b) % M M

where a, and b are the deciding factors for the number of
windows.

The RW may contain parts of the other window
(overlapped) and the SW does not contain any overlapped
windows (non overlapped). One of the features of
preprocessing methods is to improve the image information
content by suppressing the undesired distortions or
enhancements. For this the present paper is applied on the
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following preprocessing methods called
thresholding,

Gray level
Low pass filter,Edge enhancement using

Prewitt’s Horizontal filtering .

On the preprocessed images the statistical parameters of
LAW’S mask are applied they are given by the equations (2)-
(6). The entire process is given by the algorithm shown in
Figure 1.
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Read the texture (MxN)
Apply the required preprocessing method on the given
texture Method
wecount = (size of the texture)/(size of the window)
IF Method = sequence
i=1;j=1;count=1;
Read the window of PxQ from the pixel (i,j) size
From this window, calculate various Law’s mask
features
If count>wcount

Apply “classification “

Else

i=ixP, j=jxQ, count=count+1
goto 2
Else

Set the values of a, b and M, count=1
y(n+1)=((a*y(n))+b)%M

From the preprocessed image, read the window of
size PxQ from the pixel y(n+1)

“method = random”

Read the window of PxQ from the pixel (i,j) size

From this window, calculate various Law’s mask
features

If count>wcount

Apply “classification

Else

Count = count +1

Goto 2

16

Figure 1: Methodology for Soil Texture Classification System
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Table 1: Average Texture Classification Rates for RW and

SW with Pre-processing

SEQUENCE
soll  LOANY CLAY SANDY SILTY
L3E3 100 91.19 94261 EERY
E3L3 100 9225 93679 G424
L3583 100 9584 93433 06.2
8313 100 9335 93603 093.67
E3E3 100 a3 93473 86.5
E3533 100 91.7 93.164 02.83
S3E3 100 9108 94303 82.0
5383 100 9430 979013 04.66

RANDOM

LOALIY CLAY SANDY SILTY

L3E3 100 80.80 01383 81.19
E3L3 100 8035 91126 §0.91
L3533 100 9200 94214 80.36
83L3 100 91.6 23.16 §0.44
E3E3 100 2605 9273 83
E333 100 9302 96733 §3.14
S3E3 100 §148 gi4:2 83.78
5383 100 9484 969903 8327
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IV. RESULTS AND DISCUSSIONS

The experiments are conducted with 6 texture images of
each size 128x128, collected from soil images [15] as shown
in Figure 2. In the first method, a sequential window

(SW) of size 64x64 is considered. This divides the image
into 4 parts and 5 Law’s mask

Features are calculated by computing Mean, Abs mean,
Standard deviation, Skewness and Kkurtosis. The average of
these features of 4 parts over the set is computed and taken as
training set. In the same way a training data is also created for
random windows, and they are stored in the texture feature
library.

The texture classification is implemented by considering
the extracted texture feature from the sample X(loam soil)
with the corresponding feature values of all the texture classes
v stored in the feature library using the distance vector formula
given by the equation (7)

N 2
Div) = Lfji(x) —fjv)] (7)
=0
where N is the number of features in f, fj(x) represents the

jth texture feature of the test sample x, while fj(v) represents
the jth feature of the v th texture class in the library.

Table 2: Average Texture Classification Rates for SW with
Preprocessing Techniques

MEAN
sol  LOAMY  CLAY SANDY SILTY PEATY  CHALKY
L3E3 100 93.184 90.0824 93.1735 91.1332 91.0632
E3L3 100 946232 91.0141 93.2389 806275 91.7376
L3583 100 99.638 97.1926 96.9703 93.9866 94.3033
83L3 100 96.3014 93.8202 96.0865 93.7763 912236
E3E3 100 99.9398 99.9256 999639 99.9478 99.963
E383 100 99.9964 99.9857 099885 99.9809 99.9722
83E3 100 99.9803 99.9665 999734 99.9791 99.9392
8383 100 990063 09993 990904 999902 999807

17
SIDD
LOAMY CLAY SANDY SILTY PEATY CHALEY
L3E3 100 7.8505 05,3036 86.902 25.6826 5.4808
E3L3 100 753455 08023 009541 703747 20.6358
L383 100 80.6587 74.8470 97,6640 96.7728 07.6948
5313 100 03,7717 75.3676 02 6336 84,4105 09,6278
E3E3 100 03,1294 00,7121 97.3064 88.3651 89,7351
E353 100 06.8977 09,1613 083172 0336 05.8407
S3E3 100 06 4687 09 6261 084302 04 4637 05 0686
5383 100 95.0131 00,6328 08.8783 06.2224 97.5365
AVG 100 88.9305 03 3450 0513839 8123148 7632753
SKEW
LOAMY CLAY SANDY SILTY PEATY CHALEY
L3E3 100 98.0722 86.718 97,4307 975123 97.0431
E3L3 100 08 0404 06.1808 070604 09.0274 08 3467
L383 100 000164 07 8064 07,8122 054620 07,9305
5313 100 08 4933 07.6893 07 8698 08 4839 075854
E3E3 100 05,7798 05,0427 088612 08.6862 900373
E353 100 08 4656 08.5798 003832 08.2013 08 43576
S3E3 100 98,7535 90,1891 98,5007 98 4867 956749
3353 100 09,1297 09,2733 002758 09 4612 09.0358
AVG 100 98833 0793508 08.65038 9555149 9520144
KURT
LOAMY (LAY  SANDY  SILTY  PEATY  CHALKY
L3E3 100 907079 876373 00286 O4607L 081104
EL3 100 99.0032 782112 914185 992352 042371
13§3 100 084730 061237 050100 088773 007048
$L3 100 98TA80 07433 9830 070036 98.307I
EEIOI00 648525 GOO4TL 028888 G484 TLI43
E383 100 384781 003883 24584 BT 36389
SIEI 100 284451 688006 308018 232285 259178
383 100 730008 060087  7T4MII 711043 72100
AVG 100 730738 8558001 8056403 7270605 74.52000

AVG 100 980223 9674880 979237 966802 0627338
A MEAN

LOAMY  CLAY  SANDY  SILTY PEATY  CHALKY
L3E3 100 723852 042315 058198 487604 470352
E3L3 100 716245 047116 011854 663441 508608
1383 100 949813  OL0S8T 972033 833721  §8.8013
§313 100 903432 930084 963699 01888 876046
E3E3 100 943477 996807  O7TI 007896 923164
E383 100 973000 955130 984284 04367 966442
$3E3 100 968381 999366 983329 93276 935023
§383 100 983604 997655 9085913 065021  98.033%
AVG 100 893302 0660836 9676028 8346334 821076

Then the test texture is classified as v th texture, if the
distance D(v) is minimum among all the texture classes
available in the library. Based on the distance function the
percentage of correct classification for RW and SW are
calculated and are represented in tablel.

The same is also applied for various preprocessed images
and it is shown in table 2 and 3 for RW and SW respectively.
Table 1 clearly indicates that on average RW and SW exhibits
similar classification rate for the entire statistical measure.
Table 2 and 3 clearly indicates the classification rate for the
individual statistical measure. The mean and skew processing
step has got an advantage, because it exhibits a higher
classification rate than entire statistical measure methods for
both SW and RW.
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Table 3: Average Texture Classification Rates RW with

L3E3
E3L3
L3583
§3L3
E3E3
E353
S3E3
5383
AVG

L3E3
E3L3
L1353
8313
E3E3
E353
S3E3
5383
AVG

L3E3
E3L3
L3583
5313
E3E3
E383
S3E3
5353
AVG

L3E3
E3L3
L3583
5313
E3E3
E353
S3E3
5353
AVG

LOAMY
100
100
100
100
100
100
100
100
100

LOAMY
100
100
100
100
100
100
100
100
100

LOANY
100
100
100
100
100
100
100
100
100

LOANY
100
100
100
100
100
100
100
100
100

Preprocessing Techniques

CLAY
03.19665

06.8945

CLAY
§4.07335
60.2278
84.20135

CLAY

46.856

44.00658
77.01303
80.53835
01.70018
0581148
0547378
07.48118
78.73404

CLAY
0884278
08.83633
96.00208
008636
9§.33603
97.81673
9§.39383

97.§002

MEAN
SANDY  SILTY
0257743 0721173
0375475 07.63315
814605  93.2221%
80.21005 9312435
9007633 90.09815
9097077  90.93047
900585 990738
9005308 900438
9308318 07.63840

A MEAN
SANDY  SILTY
951433 80.86828
0173808 78.11823
200088 81.7003
848632 $80.63303
9000608  97.38073
9051663  97.422
9030863  98.00133
9036345 988018
9740231 8011822
STDD
SANDY  SILTY
63.78255 532148
58.05383 5037235
0716343 61.21328
01.1433 61.70033
00,714 06.5342
0035135 97.645093
0073615 97413583
8074133 9833203
§8.61077  77.08112
SKEW

SANDY  SILTY
0734085 9008945
0731808 98.87638
01.0287 03.63305
0133128 9336693
07.68363 9912385
96.0020%  97.40118
950488 94.83338
97.0182%  97.83633
95.68531  97.03687

PEATY
95.6606
80.35482
83.8102

84.11338

PEATY
5144048
48.0740
74.13608
77.07233
80.06018
93.31525
94 089
96.7446

78.20273

PEATY
34.85283
28.50678
73.05775
7570113
8733223
0272
0331033

72.68620

PEATY
08.9841
00.06368

0070205
08.54778
07.85408
06.84783

07.50522

CHALKY
85.03042
86.60502
84.11938

CHALKY
51.8525
30.08775
83.54163
74.68188
90.76698
9402453
04.82433
07.40068

78.38503

CHALKY
31.6843

12.26535
86.62643
74.34515
§7.56488
04 47068
038533

86.70015

72.1800

CHALKY
09.0386
08.76228
0477885
0420113
098.6026
07.§5033
08.34573

07.62384

KURT

LOAMY CLAY SANDY  SILTY PEATY CHALEY
L3E3 100 03.80818  80.3303% 0204725 9363273 09206043
E3L3 100 00.83425  80.3878 0232075 0254668  02.7097%
L3533 100 834125 86.98588  81.16683  75.17805  75.73378
S3L3 100 77.114 85.67273 797244 7471555 73.96575
E3E3 100 0031753 4977933 §2.00915  95.62063  96.0384
E383 100 73.0280 0330065  B3R3TTI 634470 68.83613
S3E3 100 53.88223  B4.22183 68.76085 5222438 3250745
383 100 7055783 0437615 8243235 7020873 7844333
AVG 100 £1.38068 §1.8953%  §2.78003 7804808  68.09300

V. CONCLUSION

Various preprocessing methods applied on RW and SW.
The RW on preprocessed methods exhibits same percentage of
classification as in the case of normal SW method. Though
preprocessing is a time consuming process, but the
classification rate after preprocessing by mean and skew
shows a better result. The preprocessing becomes an essential
step when textures are collected from different places and
backgrounds for this analysis, the loamy soil has been taken as
a test image .Loamy soil is the mixture of clay, sandy and silty
soil. From tablel and table2 data the average classification
rate of clay, sandy and silty soil is approximated to loamy soil.
But, the chalky and peaty soil rate has long difference from
loamy soil. The best results were obtained with the
TREgsgz mask.
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