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ABSTRACT

The present work aims to estimate the yield of wheat crop for a particular
wheat farm in Najaf Governorate, southwestern lIrag.

To achieve this objective, seven multispectral bands of the Landsat
satellite with a spatial resolution of 30x30 square meters were used for two
different time periods. The satellite image for the first time represents the high
vegetative growth of the wheat crop, and the satellite image for the second time
represents the farm after harvest.

The RGB coloring model was used as an unsupervised method, which
classifies the scene according to its three-component RGB color combination.
This model was used to determine the number of classes in a scene. Depending
on the number of classes determined by the unsupervised method, a supervised
classification using a maximume-likelihood technique was used to perform the
classification process for the Multi temporal-spectral images. A mask was
created to define the selected area (a wheat farm) and through it, the data was
read within the boundaries of the area in which the yield will be calculated.

The results show that the rate of wheat production for the study area is
equal to 89.27 ton by using spectral bands. It can also be seen that the average
percentage error (8.66%) applied with the spectral bands.
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INTRODUCTION

Landsat 9 carries the Operational Land Imager 2 (OLI-2) and Thermal
Infrared Sensor 2 (TIRS-2), which were built at NASA's Goddard Space Flight
Center in Greenbelt, Maryland [19, 10]. Landsat 9 (in orbit since September
2021), with OLI-2 on board capturing 14-bit radiometric data, this enabled more
subtle differences to be detected, particularly in darker regions such as water or
dense forests where 16,384 shades could be distinguished at a given wavelength
due to the higher radiometric resolution [15].

With the continuous advances in remote sensing technology, satellite
sensors can now provide a large number of images with different spectral, spatial
and temporal resolutions. In addition, it has become possible to produce dense
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time-series images with high spectral and spatial resolution for the study of land
cover at the Earth's surface and environmental monitoring [15].

Several change detection techniques have been developed, summarized
and refined [16, 3, 21, 18, 7]. In addition, D. Lu summarized ten aspects of
change detection applications using remote sensing technology [4].

Because of the importance of monitoring change in Earth's surface
features, research related to change detection techniques is an active and
constantly evolving topic.

The wheat crop is characterized as one of the basic foodstuffs on which a
group of individuals who are described as low- or medium-income depend. This
fact gave wheat political and military importance that outweighs its economic
importance, and economic history is replete with events of countries that fell and
collapsed because of grain deals [2].

Wheat and barley production reports are among the important reports
for the food security index in Iraq, as wheat is one of the oldest field crops known
to be cultivated in the world. Wheat is grown as the main source of food in Iraq
in large areas, especially in the northern governorates [1].

Iraq is considered one of the developing countries that meet the

requirements of agricultural activity in terms of fertile soil, abundant water and
a suitable climate. Wheat in Iragq needs from time to time to be studied and
evaluated in order to address problems and inappropriate conditions, and then
to develop accurate plans for future visions [2].
The Directorate of Agricultural Statistics in Iraq provides data on various
aspects of agricultural activity. The average Donum (1 Donum = 2500 m?)
production of wheat in the irrigated lands was estimated based on the cultivated
area (445.5 kg), while the average Dunam production of wheat in arid lands was
estimated at 373.8 (kg). Table 1 shows the average yield of wheat (kg/ Donum)
for the period (2015-2020) in Iraq [5].

Table 1: Average wheat yield (kg/ Donum) for the period (2015-2020) in Iraq [13]

. Crop
Details year
Wheat Annual percentage change %

2015 637.9 7.6

2016 825.7 29.4
Average Yield 2017 705.5 -14.6
(Kg/Donum) 2018 690.5 2.1
2019 686.1 -0.6

2020 727.6 6.0

The field crop surveys carried out by the Directorate are considered one
of the largest and most comprehensive seasonal surveys, and they are conducted
twice a year (winter and summer), to extract production indicators for the main
and secondary field crops.

The directorate provides reports on annual crops, the most important of
which are (wheat, barley, cotton, corn and potatoes), in addition to reports of
secondary crops and a synthesis report for all crops [5].

This research aimed to calculate wheat production for a specific area.
This agricultural area is the wheat farm located in the Najaf governorate in
southwest Irag.
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The Study Area:

The wheat farm - which represents the region of interest - is located at
32.08028° N 44.48339° E (path 168 and row 38) in Najaf Ashraf Governorate in
the southwestern part of lIraqg; it is about 161 km away from the capital,
Baghdad. Landsat 8 OLI and Landsat 9 OLI-2 satellite images are used in
this study which contains a multispectral band. Two times satellite image was
used to show the change in the region which presents the study area. The first-
time satellite image was captured in 13™ of March 2022, while the second time
satellite image was captured in 9 of June 2022.

The study focused on a kind of satellite imagery. They are known as (TM)
images and are usually rendered in seven different ranges.

Thematic Mapper (TM) images are an example of such available data,
usually provided in seven bands with ground resolution approximately (30 X 30)
m?2.

Each ground resolution point has an associated 7-dimensional vector X
whose elements are the seven spectral intensities for that particular point.

The elements are generally correlated and each band has a different mean
value and each image has 512 x 512 data.

Figure la and 1c represents images of TM Bands 1-7 for two times
respectively, the x-axis is the column, the z-axis is the row indicator, and the y-
axis is the band number or the wavelength of a particular band. Figure 1b and
1d represents a color image of three bands of the studied scene for 15t and 2"
time respectively.

Figure 1: a -multispectral image data (T1), b- Pseudo-color image of (T1), ¢ -multispectral image
data (T2), and d- Pseudo color image of (T2)

Multivariate Statistics
Let us consider an image f(X,y), it is represented in the form of one
dimensional vector X; of N? elements [14]

[*i]

| i |
X;=\|*3] (1

Where, X;; denotes the jt" component of the vector X;. The mean of the vector
can be determined by the average given by [9]:
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my = E{x} (2)
The covariance matrix C, (is a measure of how well correlated two variables
are) of the zero-mean vector x with n components, is given by [20]:

C,=E{(x-myx-m)T} ()
Where E is the expected value), T: indicates transposition.

Training Site Selection

The first step which is considered as one of the most important concepts
of pattern recognition in supervised classification for remote sensing is the
correct selection of training sites from which to classify the data. With the
approved classification system, supervised classification methods rely on prior
knowledge of how many categories are included in the categories in the scene.
Training sites were identified to represent each of the required categories in the
final outcome.

Unsupervised Classification

The coloring model is adopted as an unsupervised classification. This
method allows knowing the number of categories (classes) in Al-Najaf scene for
the study area.

The first step in the RGB color transforms requires three bands for input.
The RGB color transform uses this input to convert three-band red, green, blue
(RGB) images to one of several specific color spaces.

Maximum Likelihood Method

Maximum likelihood classification is the most common supervised
classification method used with remote sensing image data [17, 13].

Bayes decision theory is a fundamental statistical approach to the
problem of pattern classification [6]. This based on the assumption that training
area data sets have a normal distribution (Gaussian in nature), which involves
the construction of probability contours [8].

Maximum likelihood rule is a statistical decision criterion for assisting the
classification of overlapping signatures; pixels are assigned to the class in which
they have the highest probability of being a member [11].

The general multivariate normal density is written as [12]:

P(x) = —e[2V27Y) (g
(2m)d/2|3|1/2
Where:
Y=X—-pu

P(x): The probability of pixel vector of (d) elements
p: The d-component mean vector.
Y:: The d-by-d covariance matrix.
T: Superscript indicating transposition.

Y ~1: The inverse of the covariance matrix.
[3:]: The determinant of the covariance matrix.

Image Masking:

Image Masking makes it possible to focus on parts of the image that are of
interest. Masks can be positioned to highlight certain parts or remove unrelated
one’s parts of the image. In this project, a mask is built on a specific area of the
general landscape to perform calculations on it. This specific area represents the
location of the field planted with wheat in the 15t time, and also represents the
Harvested Land in the 2" time.
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Since the shape of the region whose production is to be calculated is
geometrically irregular, a window has been created that represents the outer
boundary of the region, as shown in Figure 2.

(a) (b)
Figure 2: a) Original satellite band b) a visual representation of a mask created for a particular
region in the scene.

To create a mask, a computer program was written to select the region
defined by the mask (region of interest). Through this program, data can be read
within the boundaries of the region in which the yield will be calculated.

The mask is generated in following steps

1. Determine the coordinates of the mask borders of the area to be studied.

2. Set the value of all pixels outside the mask bounds to 0. Set the value of all

pixels inside the mask bounds to 1.

Figure (3) shows a visual representation of the mask and the process of
applying the mask to a specific area created in the scene, as this mask was
applied to the image that was classified using a supervised probability
classification.

a) 7 channels b) Mask (512 x 512) ¢) 7 channels
Figure 3: Process of applying mask.

EXPERIMENT RESULTS AND DISCUSSION

The Covariance-variance matrix of the spectral bands for seven bands of
the 15t and 2" time are shown in the table (2) and table (3) respectively.

Table 2: Covariance-variance matrix of the spectral bands (1% time)

Band 1 2 3 4 5 6 7
1 987.2 1126.8 1456.8 2079.9 -211.4 1738.2 2084.6
2 1292.7 1676.2 2404.4 -273.8 2019.7 2414.8
3 2212.7 31829 -251.0 2733.7 3219.2
4 4671.3 -595.3 4015.9 4722.7
5 2888.4 200.6 -359.1
6 3971.1 4319.8
7 4972.0
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Table 3: Covariance-variance matrix of the spectral bands (2" time)

Band 1 2 3 4 5 6 7
1 464.1 575.3 849.5 1209.7 995.06 1329.6 11845
2 749.07 1135.2 1666.6 1469.6 1939.6 1576.7
3 1784.4 2666.6 2512.7 3190.0 2458.5
4 4105.2 3875.4 5061.3 3777.6
5 5180.2 5253.4 3164.7
6 6968.0 4853.8
7 4077.5

By combination three bands as a Red Green Blue (RGB) the result is a
color image, therefore by choosing the SWIR1 band as a red, NIR band as a
green and green band as a blue for both image it can get an image showing the
vegetation regions in green color as shown in figures 4a and 4b for 1%t and 2"
time respectively.

Since the chlorophyll in the vegetation is absorbed the wavelengths of the
spectrum in regions of blue and red, and reflected the green and NIR of the
spectrum, therefore these bands are chosen to combined as a reason to
monitoring the vegetation areas in green color.

a b
Figure 4: (a) RGB combined ir(r1§ge for the 1% time, (b) RGB(co)mbined image for the 2" time.

There are many choices for selecting the three bands between the seven
bands, but the traditional method of choosing the three bands comes from
choosing the three bands which have the largest variance value.

In Najaf scene and for the first time the three bands which have the
largest variance value are bands (7, 4 and 6, sum of variance = 13,614.4). While
for the second time the three bands which have the largest variance value are
bands (6, 5 and 4 sum of variance = 16,253.4).

Figure 5a and 5b shows two color images for Najaf scene using the RGB
model from the bands which have the first three largest variance values for 1%t
and 2" time respectively.
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Figure 5: RGB combined image for the first three largest variance values (a) for the 1%t time, (b)
for the 2" time.

Eight classes were adopted, representing distinct categories, and were
used to classify this scene with maximum likelihood supervised method.
Six of these classes were validated as different categories identified using the
previously mentioned unsupervised method. The remaining two classes are
named “Wheat” and “Harvested land” that are the subject of our interest in this
study. The list of these eight classes is (classes 1-6, Wheat and Harvested land

classes) as be shown in figure 6.

Wheat Class 1 Class 3 Class 5

Harvested land  Class 2 Class 4 Class 6

Figure 6: Selected training samples labeled with different colors for the study area (Najaf Scene).

Figure 7 shows the value of reflectance as a function of wavelength for
two classes (wheat” and “Harvested Land”). It is evident from Fig. 7 that the
infrared wavelengths give the best distinction between the wheat class and the
harvested land class.

Spectral Profile
600

400

200

Reflectance

0
0 1 2 3
Wavelength (um)

[ —@—WheatCrop —@—Harvested Land |

Figure 7: The profile of two classes (Wheat” and “Harvested land”).

Maximum likelihood classification was adopted with the original bands
for 15t and 2" time.

Figure 8 shows the results of the supervised classification of maximum
likelihood of the seven original bands corresponding to the training areas
selected for the first time and for the second time.

Accuracy evaluation is the final step in analyzing remote sensing data that
helps us verify the accuracy of our results. Precision relates to the
correspondence between the class label and the "real™ class.
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a
Figure 8: Supervised classifications of(th)e seven original bands for a) First-time. b) Second time.
The results as presented in Table 4 and 5 showed that the classification
accuracy for two original spectral bands 7 and 4 which represent the highest
bands in terms of variance was 94.62% and 97.41% for 15t and 2" time
respectively. We can also see that the classification accuracy is reached to a
nearly constant level by selecting the three bands with the highest contrast
values.

Table 4: Classification accuracy with 1%t time

N | Spectral Bands | accuracy % K%zpa N | Spectral bands | accuracy % Kappa%
1 7,4 94.62 93.71 4 74,6,5,3 99.58 99.52

2 74,6 99.58 99.52 5 74,6532 99.58 99.52

3 74,65 99.58 99.52 6 74,655,321 99.17 99.03

Table 5: Classification accuracy with 2nd time

N Spectral Bands |accuracy %| Kappa% Spectral bands | accuracy % Kappa%o
1 6,5 97.41 96.95 6,5,4,7,3 100 100

2 6,54 100 100 6,5,4,7,3,2 100 100

3 6,5,4,7 100 100 6,5,4,7,3,2,1 100 100

It was found that the area of the mask is 490,500 square meters (196.2)
Donum. The area of the mask-bound region was calculated by multiplying the
spatial resolution (30 m x 30 m) by the number of pixels within the mask (545).
The mask was applied to the original band images after maximum likelihood
supervised classification process.

Table 6 and table 7 show some statistics about Wheat (1%t time) and
Harvested Land (2" time) region respectively within the mask applying spectral
bands.

Referring to table 6, it is found that the average number of pixels
classified as wheat inside the mask is 348 pixels, and by referring to table 7, it is
found that the average number of pixels classified as Harvested Land inside the
mask is 381 pixels.
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Table 6: Statistics about Wheat region within the mask applying spectral bands (Time 1)
N | Spectral Bands Pix(e\:/lvﬂgégl' 1 Area [m?] Area [Donum] W?Z?érﬁi{r?gligttigglgrlon]
1 74 300 270000 108.00 76.92
2 7,4,6 288 259200 103.68 73.84
3 7,4,6,5 382 343800 137.52 97.94
4 7,4,6,5,3 375 337500 135.00 96.15
5 7,4,6,5,3,2 365 328500 131.40 93.58
6 7465321 379 341100 136.44 97.17

Table7: Statistics about Harvested Land region within the mask applying spectral bands(Time

N Spectral Bands Pixel no. (T2) Area [m?] Area [Donum]
1 6,5 352 316800 126.72
2 6,54 406 365400 146.16
3 6,5,4,7 381 342900 137.16
4 6,5,4,7,3 383 344700 137.88
5 6,5,4,7,3,2 382 343800 137.52
6 6,54,7,3,2,1 383 344700 137.88

The mean percentage of wheat yield relative to harvested land within the
mask is 91.3% with an average error rate of 8.66%.
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