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ABSTRACT
Crop classification in early phenological stages has been a difficult task due to
spectrum similarity of different crops. For this purpose, low altitude platforms such
as drones have great potential to provide high resolution optical imagery where
Machine Learning (ML) applied to classify different types of crops. In this research
work, crop classification is performed at different phenological stages using optical
images which are obtained from drone. For this purpose, gray level co-occurrence
matrix (GLCM) based features are extracted from underlying gray scale images
collected by the drone. To classify the different types of crops, different ML
algorithms including Random Forest (RF), Naive Bayes (NB), Neural Network (NN)
and Support Vector Machine (SVM) are applied. The results showed that the ML
algorithms performed much better on GLCM features as compared to gray scale
images with a margin of 13.65% in overall accuracy.

Subjects Computer Vision, Data Mining and Machine Learning, Data Science, Spatial and
Geographic Information Systems
Keywords Machine learning, Remote sensing, Texture analysis, Classification, Unmanned aerial
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INTRODUCTION
Remote sensing is a valuable tool in evaluating, monitoring, and management of land,
water, and crop resources. Satellite imagery and aerial imagery have wide applications in
the field of agriculture, monitoring snow cover trends, wildfire trends, water level rising,
and forestry. In agriculture, crop health monitoring, yield estimation, classification of
crops based on land cover, and monitoring of droughts are some common applications of
remote sensing (Navalgund, Jayaraman & Roy, 2007; Seelan et al., 2003; Hufkens et al.,
2019; Sivakumar et al., 2004). Among these applications, crop classification is quite
challenging due to the texture and color similarity of crops in the initial stages. For this
purpose, satellite data is commonly used which provides free access to the data. The data
obtained from such platforms is coarse in a resolution which makes it difficult to
classify the different types of crops. Apart from a coarse resolution of satellite data, the
effect of atmospheric particles and cloud cover percentage in the image, if greater than 90%
will result in discarding the images as no valuable information can be extracted from the
satellite for these images.
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The low-cost Un-manned Aerial Vehicles (UAV) are the substitute of the satellite
platforms which provide high-resolution data with flexibility in data collection. After
high-resolution images acquisition, several Machine/Deep Learning (ML/DL) algorithms
are applied to classify the different types of crops. A lot of applications use texture
information as features that are further given as input to the ML classification algorithms.
The texture features provide useful insights into the color, its spatial arrangement, and
intensities.

In Kwak & Park (2019), the crop classification based on texture features is performed on
the data collected by a drone mounted with a multi-spectral camera. The acquired images
are up-scaled to 25 cm resolution and mosaiced later to obtain a complete field of view.
To extract texture features, Gray Level Co-occurrence Matrix (GLCM) at different
kernel sizes is used including 3 × 3, 15 × 15, and 31 × 31. The mosaiced images act as an
input to classification algorithms, such as Random Forest and Support Vector Machine
(SVM). It is seen that using textural features obtained from larger kernel size showed
improvement in classification results by 7.72% in overall accuracy rather than only using
spectral information for classification.

Similarly in Böhler, Schaepman & Kneubühler (2018), texture base classification of crops
is performed at pixel and parcel-based level where the crops in the study are maize,
bare soil, sugar beat, winter wheat, and grassland. The images are acquired by eBee UAV in
four flights of 30 min each on 26 June 2015. Textural features are extracted from the
obtained UAV images. Random forest algorithm is applied after extracting the texture
features which obtained an overall accuracy of 86.3%.

In this study, we performed a classification of four different types of crops including
wheat, soybean, rice, maize. The main objective of this research is to investigate the texture
feature-based crop classification of different crops having the same spatial texture and
colors. The high-resolution optical images are acquired by the drone. The multiple texture
features are extracted including contrast, homogeneity, dimensionality, angular second
moment, energy, and correlation. To perform classification, Support Vector Machine,
Naive Bayes, Random Forest, and Neural Network are applied on the grayscale images and
the texture features.

RELATED WORK
Crop classification traditional techniques
Over the two decades, a lot of research has been done in the agriculture domain to perform
different agricultural activities, particularly in crop disease detection, crop health
monitoring, crop yield estimation, crop classification, and others (Latif, 2018). To perform
these activities; machine learning or deep learning techniques are applied to the data
collected from satellite, drone or IoT sensors which are discussed in the sections below.

Crop classification using satellite data
An analysis on crop classification and land cover is presented in Khaliq, Peroni &
Chiaberge (2018), in which Sentinel-2 is used to capture the multi-spectral imagery. The
phonological cycle of crops is analyzed by computing the NDVI of time series spectral
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imagery data. The ‘Random Forest’ classifier is used to classify the land cover where NDVI
values are used as feature vectors. The Random Forest shows 91.1% classification accuracy
i.e. predicted land cover match with the actual ground cover. In Deng et al. (2019), land
cover classification is performed using Random Forest as a classifier. The images are
acquired from two satellites including Landsat 8 and MODIS. These images are fused
based on Enhanced Spatial-Temporal and Fusion Model to generate time series-based
Landsat-8 images. The data from the GF-1 satellite and Google Earth is used as supporting
data for training and validation. In this research work, object base classification is used
instead of pixel-based classification. The classification results show an accuracy of 94.38%
on the fused data.

In Luciani et al. (2017), an analysis on crop classification is presented in which
Landsat-8 OLI is used to capture the multispectral imagery at a coarse spatial resolution of
30 m. The acquired images are resampled to 15 m spatial resolution using the pan-
sharpening technique. The phenological profile of crops is extracted by processing NDVI
of time series spectral imagery data. The phenological profile is extracted based on
pixel-level and interpolation is used for the reconstruction of missing NDVI value at a
particular pixel. The univariate decision tree is applied to the data where the feature vector
consists of NDVI values. Results show that the univariate decision tree achieved an
accuracy of 92.66%.

There are a lot of datasets that are publicly available for land classification. In
Helber et al. (2018), land classification is performed using the publicly available dataset

‘EuroSAT’ which is comprised of 27,000 labeled examples covering 10 distinctive
classes. Each image patch is 64 × 64 pixels which is collected from 30 cities in European
Urban Atlas. For classification, the data set is divided in the ratio of 80 to 20 which is
used for training and testing respectively. Two deep learning architectures such as
‘GoogLeNet’ and ResNet-50 are trained on the dataset which achieved an accuracy of
98.18% and 98.57% respectively.

In Hufkens et al. (2019), the health of the wheat crop is monitored using near-surface
imagery captured by a smartphone. Images are collected from 50 fields by smartphone
during the complete life cycle of the wheat crop. Each day, farmers captured images three
times and captured images are transmitted to the cloud where the green level is assessed by
green chromatic coordinates. The crop is classified as healthy or unhealthy based on
the green level. Subsequently, the classification result is compared with Landsat 8 imagery
in which classification of healthy and unhealthy crops is performed based on Normalized
Difference Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI) values.
Results show that there is a small deviation between the classification results based on
smartphone imagery and satellite imagery.

Crop classification using drone data
Textural features from an image help to extract useful information from the images. In Liu
et al. (2018), the experimental area is selected in Minzhu Township, Daowai District,
Harbin, where the variety of crops are planted. The 12 types of cropland cover in the study
include rice, unripe wheat, ripe wheat, harvested wheat, soybean, corn, trees, grassland,
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bare land, houses, greenhouses, and roads. The measurement and marking of Ground
Control Points (GCP) are conducted on 3 August 2017 and data is collected on 4 August
2017 using a fixed-wing UAV with a Sony Digital Camera. Digital Surface Model(DSM)
and Digital Orthophoto Map (DOM) are produced with the help of POS data and
GCP. Texture features mean, variance, homogeneity, contrast, dissimilarity, entropy,
second moment, and correlation are extracted using ENVI software for RGB and DSM
bands. SVM is used to perform the classification of crops with RBF kernel. The
combination of different features is performed to see the impact of each feature. By using
RGB resulted in a classification accuracy of 72.94% and a combination of RGB, DSMs,
SecondMoment of green band, DSMs variance (27 � 27), DSMs contrast (27 � 27) achieved
an accuracy of 94.5%. The results show that the hard to differentiate classes in color
space became separable by adding altitude as a spatial feature where height for each tree,
crop, and grass differs.

In Hu et al. (2018), a hyper-spectral imaging sensor is mounted on a UAV to offer
images at a higher spatial and higher spectral resolution at the same interval. The study
area chosen is a field in the southern farm in Honghu city, located in China. The images are
taken from the altitude of 100 m at a spatial resolution of 4 cm with 274 spectral bands.
To fully utilize the potential of the spatial and spectral resolution of the image, a
combination of the CNN-CRF model is proposed, to classify crops accurately. For this to
work, in preprocessing phase, the Principal Component Analysis (PCA) is performed
for dimensionality reduction of the data while in meantime preserving spectral
information. Each patch on the image will be passed to CNN as input, to get the rule image
from the PCA. The rule image, which is the output of CNN will be passed to the CRF
model to generate a classification map of the output. The CNN-CRF model achieved an
accuracy of 91.79% in classifying different crop types.

Image fusion between satellite and UAV can help in the classification of crops at a
detailed level. In Zhao et al. (2019), a fusion between Sentinel-2A satellite and images
acquired from fixed-wing Agristrong UAV drone is performed to get the image at high
spatial, high spectral, and high temporal resolution. For this purpose, an experimental
area covering around 750 ha is selected in Harbin city, Heilongjiang province, China.
The crop types in the current study include rice, soybean, corn, buckwheat, other
vegetation, bareland, greenhouses, waters, houses, and roads. The images are acquired
using a UAV drone for 14 September 2017 at 0.03 m resolution and Sentinel-2A images
for 16 September 2017 are downloaded. The high-resolution 0.03 m images are sub-
sampled at lower resolution (0.10 m, 0.50 m, 1.00 m, and 3.00 m). The fusion between
UAV images at different resolutions and Sentinel-2A images is performed using
Gram-Schmidt transformation (Laben & Brower, 2000). Random forest algorithm
performed better crop classification for a fused image at 0.10 m with accuracy at 88.32%,
whereas without fusion the accuracy is at 76.77% and 71.93% for UAV and Sentinel-2A
images respectively.

In Böhler, Schaepman & Kneubühler (2018), classification of crops is done at pixel and
parcel-based level. The study area covering 170 hectares is selected in the Canton of
Zurich, Switzerland. The crops in the study are maize, bare soil, sugar beat, winter wheat,
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and grassland. The images are acquired by eBee UAV in four flights of 30 min each on 26
June 2015. Subsequently, the textural features are extracted from the obtained UAV
images. The random forest algorithm is applied to the extracted features and crop maps are
generated where the object-based classification resulted in the overall accuracy of 86.3% for
the overall set of crop classes.

Deep learning for crop classification
In Trujillano et al. (2018), a deep learning network is used to classify the corn crop in the
region of Peru, Brazil. The images are acquired for two locations where the first location
contained corn plots, trees, river, and other crops situated in a mountainous region,
where flight is conducted at 100 and 180 m respectively. The second location is a coastal
area where images are acquired at an altitude of 100 m, area consists of a corn crop and
some nearby houses. The multi-spectral camera mounted on the UAV acquired images
in 5 different bands, at a spatial resolution of 8 cm. Photoscan tool is used to generate the
mosaic of the image. The image is divided into a patch size of 28 × 28, covering two
rows of the cornfields. The patch is labeled as corn or no corn field. Four datasets are
generated from the acquired images where dataset #1 and dataset #2 covered classes with
images acquired at an altitude of 100 m and 180 m. The dataset #3 merged the corn classes
from different altitude flight images whereas, in dataset #4, the dataset #1 is augmented
which included rotation and flipping of images. Each dataset containing 28 × 28 patches of
images is trained using the LeNet model, in which dataset number two achieved an
accuracy of 86.8% on the test set.

In Zhou, Li & Shao (2018), the various types of crop classification methods are proposed
using CNN and SVM algorithms. For this purpose, Yuanyang Country, in the province of
Henan, China is selected as a study area where the main crops in the region are rice,
peanut, and corn. The Sentinel-2A images are acquired for two dates, where all the bands
data has been resampled to 10 m resolution and the resultant stack of the 26-dimensional
image is generated. A ground survey is conducted in August 2017, for the labeling of
different types of crops. Around 1,200 pixels are selected for training and the rests of the
pixels are used for validation. The labeled pixel in the final stack image is converted to
grayscale which is given as an input to the model. The CNN outperformed the SVM, where
it clearly shows the deep learning-based model is better at learning the features while
achieving an accuracy of 95.61% in the classification of crops. In Sun et al. (2020), an
application for smart home is presented. The application monitors the moisture of the soil
and the value of nitrogen, phosphorous, and potassium for an indoor plant with the help of
IoT sensors. The value is classified based on various levels and provides feedback to the
user with help of the dashboard. The system designed is a prototype, which helps the
farmers when to irrigate the crop and what ratio of the value of nutrients is suitable for the
specific plant. Water content estimation in plant leaves can help in the productivity of the
crops. In Zahid et al. (2019), a novel approach based on machine learning is presented
to estimate the health status of the plant leaves terahertz waves by measuring transmission
response for four days. Each frequency point recorded is used as a feature in the study.
Feature selection was carried out to discard any irrelevant feature that could result in the
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wrong prediction of water content in the leaves. The support vector machine (SVM)
algorithm clearly performed better at predicting the accurate water content in the leaves
for 4 days.

The work proposed in this paper will process the optical images acquired by UAV by
data augmentation for the crop class with very few images. The processed images will be
converted to grayscale downscaled to a low resolution. The textural features will be
extracted from the grayscale images. Crop classification will be performed by using
machine learning and deep learning algorithms for grayscale and textural-based images.
With the evaluation measure, we will compare and evaluate the performance of how
GLCM based textural features will outperform the ones with grayscale images. In this
work, the main focus is how textural features will be helpful to distinguish between
different types of crops compared to grayscale images. The paper is organized as follows,
where a literature review is conducted in “Related Work”, data set used in the study along
with methodology is discussed in “Methodology”, results and discussion in “Results and
Discussion” and conclusion and future work in “Conclusion and Future Work”.

METHODOLOGY
Normalized Difference Vegetation Index (NDVI) is known as a standard index used in
remote sensing for identifying chlorophyll content in an image based on Near Infra band
(NIR) and Red (R) bands. It is quite challenging to differentiate the crop based on
NDVI values, because various crops have similar profile. For instance, it is hard to
discriminate between wheat and maize crop based on NDVI profile acquired from satellite
imagery. In order to address the problem of differentiating different crops based on NDVI
profile, UAV optical imagery is collected and GLCM features are extracted from the
images. In this study, machine learning and deep learning algorithms are applied for
classification of crops and GLCM-based texture features are used as an additional features
to help in the classification. A comparison is also performed between classification with
gray scale based images and GLCM features based classification. This section provide
the details of study area for experiment and then discusses the methodology based on
modules of our experiment.

Study area & data set
To perform crop classification, an experimental area in the capital of Pakistan, Islamabad
located at the National Agriculture Research Center (NARC) is selected. In the NARC
region, various types of crops are grown throughout the year and experiments are
performed. For our research, we selected four crops wheat, maize, rice, and soybean as
shown in Fig. 1. The crop calendar for Pakistan can be viewed at Crop Calendar (2020),
where the particular locations of the crops in the study along with their growth cycle is
enlisted in Table 1. The climate of Islamabad is a humid subtropical climate with an
average rainfall of 790.8 mm.

The data set used in the study was gathered for five different crops at the different
growth cycles of crops as shown in Table 1 using DJI Phantom pro-Advanced. All the
selected crops including wheat, rice, soybean, and maize have overlapping crop cycles,
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especially winter wheat crop and winter maize crop had the same planting time. It was
quite challenging to separate wheat and maize crops based solely on their NDVI profile. In
order to address this problem, UAV optical imagery was collected and GLCM features
were extracted from these images. Subsequently, several machine/deep learning models
were applied to perform crop classification where the details of the dataset acquisition,
machine learning/deep models, results are provided in the following sections.

Figure 2 shows the architectural diagram of the system divided into modules. The first
module is the data acquisition where the data is collected with the help of a UAV drone.
After the collection of the data, the next step is the pre-processing of the data, which
requires analysis to remove images outside the boundary of the crop and to apply data
augmentation for the crops fields where we have a limited amount of data. The next step is
feature extraction where we will extract features from the grayscale images which can
help in the study. The last step is to classify the crop classification based on machine
learning and deep learning algorithms for gray scale-based images and feature-based
images and to evaluate the result of crop classification. Each module is discussed in detail
in this section.

Figure 1 Crops marked in © Google Earth (NARC Region).
Full-size DOI: 10.7717/peerj-cs.536/fig-1

Table 1 List of crops selected in study area.

Crop Crop-cycle Location

Wheat-I Dec-18 to Jun-19 30°40′ 22.25″ N, 73°07′ 18.28″ E

Rice Jun-19 to Oct-19 30°40′ 25.19″ N, 73°07′ 27.93″ E

Soybean Jul-19 to Dec-19 33°40′ 34.46″ N, 73°08′ 10.20″ E

Wheat-II Nov-19 to May-20 33°40′ 17.29″ N, 73°07′ 48.98″ E

Maize Mar-19 to Jul-19 33°40′ 18.69″ N, 73°07′ 37.84″ E
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UAV platforms provide the ability to gather images at higher spatial resolution
compared to satellite-based solutions. In this study, the DJI Phantom pro-Advanced
(details mentioned in Table 2) equipped with a 20 Megapixel camera is used for data
acquisition.

The data was collected by carrying out multiple flights to cover five fields at different
stages of the crop cycle which are listed in Table 3. The first wheat flight was conducted on
16-May-2019 with the wheat field at max maturity stage and the second wheat crop
flight was performed on 02-March-2020 at tillering stage. The flight for soybean was

Optical images 
converted to 

gray scale images

Downscale high 
resolution images 

to 100 x 100 x 3

Data 
Preprocessing

CNN LSTMSupport 
Vector 

Machine

Naive 
Bayes 

Neural 
Networks

Random 
Forest

Accuracy 
assesment

Gray scale images
N x 100 x 100 x 1

Support 
Vector 

Machine

Naive 
Bayes 

Neural 
Networks

CNN LSTMRandom 
Forest

Accuracy 
assesment

GLCM features
N x 100 x 100 x 48

Figure 2 System architecture. Full-size DOI: 10.7717/peerj-cs.536/fig-2

Table 2 Specifications of UAV drone used in the study.

Characteristics Technical specifications

Type Four-rotor electric UAV

Weight 1,368 g

Manufacturer DJI

Model FC6310

Operating Temperature 0° to 40°

Camera Sensor 1″ CMOS

Image Size 4,864 × 3,648

Flight Duration 30 min

Battery 5,870 mAH LIPo 4S
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conducted on 03-September-2019, whereas the flight for the rice field was done on 03-
September-2019 at the max-tiller stage. The flight for the maize crop was done at the max-
maturity stage on 24-July-2019. Due to limited images of the rice field, the images of the
rice field were augmented to make the images count equivalent to the minimum of the
rest of the crop field classes. Figure 3 shows the five crop fields including soybean, rice,
maize, wheat at tillering stage and wheat at the maturity stage.

Data pre-processing
The first step after collecting the data is to pre-process it to make it suitable for training.
The captured images were analyzed without removing the images outside of the boundary.
The collected data was organized in folders containing the date of the collection along
with the stage of the particular crops. In order to perform supervised classification, a field
survey was conducted to label each image with the help of NARC experts. Initially, the
collected data was not sufficient to apply any classification technique, therefore, data
augmentation was used to enhance the data. For this purpose, horizontal flipping and
zoom with a minor factor was applied using Keras pre-processing library (Data
Augmentation, 2020). The optical images captured with the drone were high-resolution

Table 3 Crop fields images acquired at various stage of crop cycle.

Crop Stage Acquisition date Acquisition time Altitude Images count

Wheat-I Max Maturity 16-May-2019 12:20 PM 70 foot 41

Rice Max-Tiller 03-Sept-2019 12:15 PM 120 foot 3

Soybean V2 Stage 03-Sept-2019 12:40 PM 70 foot 20

Wheat-II Tiller Stage 02-March-2020 01:30 PM 70 foot 20

Maize Max Maturity 24-July-2019 01:15 PM 70 foot 39

SOYBEAN RICE

WHEAT TILLERING WHEAT MATURITY

MAIZE

Figure 3 Crops optical images captured by using DJI Phantom.
Full-size DOI: 10.7717/peerj-cs.536/fig-3
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images, and performing classification requires computing power. To reduce the processing
requirement, the images were downscaled to a size of 100 × 100, and the features were
extracted from the down-scaled images.

Feature extraction
The pixels in an optical image contained noise which was reduced by the information from
texture and was considered as a complementary feature in classification. The analysis of
textural images was categorized into four different groups that include model-based,
statistical, geometrical, and signal processing (Tuceryan & Jain, 1993). For feature
extraction, GLCM was employed, which is a widely used statistical technique developed by
Haralick, Shanmugam & Dinstein (1973) for processing of remote sensing data. In the first
step, the original image was converted to the grayscale. The next step was to extract
spatial features from the gray-scale images based on the relationship of brightness values to
the center pixel with its neighborhood defined by a kernel or window size. The relationship
of the brightness values was represented in the form of a matrix. The matrix was
made up of the frequent occurrence of the sequential pair of the pixel values along with a
defined direction. The relationship helps GLCM to generate a different set of texture
information based on gray-scale, kernel size, and direction. Harlick in Haralick,
Shanmugam & Dinstein (1973) defined fourteen textural features, which provide
redundant spatial context information which was an overhead in classification. In this
study, only six textural features are considered which are listed below:

� Contrast (CON): The contrast measures the spatial frequency of an image and is a
different moment of GLCM. It is the difference between the highest and the lowest
values of the adjacent set of pixels. The contrast texture measures the local variations
present in the image. An image with the low contrast presents GLCM concentration
term around the principal diagonal and features low spatial frequencies.

� Homogeneity (HOM): This statistical measure is also called inverse difference moment.
It measures the homogeneity in the image where it assumes larger values for smaller
differences in grey tone within-pair elements. Homogeneity is more sensitive to the
presence of near diagonal elements in the GLCM. The value of homogeneity is
maximum when elements in the image are the same. GLCM contrast and homogeneity
are strongly but inversely correlated, which means homogeneity decreases when
contrast increases while energy is kept constant.

� Dissimilarity (DIS): Dissimilarity is a linear measure of local variations in an image.

� Angular second Moment (ASM): It measures textural uniformity i.e. repetitions in pixel
pair. It detects the disorders in textures of the images. The maximum value achieved by
the angular second moment is one. Higher values occur when the gray level distribution
has a constant periodic form.

� Energy (EG): Energy is computed as the square root of an angular second moment.
When the window is orderly, energy has higher values.

� Correlation (CORR): It is a measure of linear dependencies between the gray tone of the
image.
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Each of the listed textural feature is computed using the Eqs. (1) to (6) (GLCM
Equations, 2011):

CON ¼
XN�1

i¼0

XN�1

j¼0

ði� jÞ2 (1)

HOM ¼
XN�1

i¼0

XN�1

j¼0

Pði; jÞ
1þ ði� jÞ2 (2)

DIS ¼
XN�1

i¼0

XN�1

j¼0

Pði; jÞxji� jj (3)

ASM ¼
XN�1

i¼0

XN�1

j¼0

Pði; jÞ2 (4)

EG ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
XN�1

i¼0

XN�1

j¼0

Pði; jÞ2
vuut (5)

CORR ¼
XN�1

i¼0

XN�1

j¼0

ði� liÞðj� ljÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiðriÞðrjÞ
p (6)

where N denotes the number of gray levels, while P(i, j) is the normalized value of the gray-
scale at position i and j of the kernel with a sum equal to 1. The textural features were
generated from 100 × 100 gray-scale images. In this study, the kernel size was set to 19, and
a total of 48 features were generated for each gray-scale image with distance at 1 and 2,
rotation at 0, 45°, 90°, and 135° for each textural feature.

Crop classification
In order to perform crop classification on the collected dataset, several supervised
techniques are applied which are discussed below.

Naive Bayes classifier
Naive Bayes Classifier is a simple probabilistic classifier that is based on the Bayes theorem.
The inducer in Naive-Bayes computes conditional probabilities of classes given the
instance and selects the class with higher posterior probability (Witten & Frank, 2002).

Neural network
Neural Network is a very famous model which is designed to mimic the human brain to
perform classification and regression tasks. It contains one input layer, or more hidden
layers where each layer holds several neurons or nodes, and a single output layer
(Goodfellow et al., 2016). Each layer computes some mathematical functions which enable
it to find the complex relationship in the data.

Support vector machines
The goal of the Support Vector Machine (SVM) is to find an optimal boundary that
separates the classes based on data in the training set (Ding, Qi & Tan, 2011). SVM
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algorithm solves the optimization in a way that it tends to maximize the margin between
decision boundary (Gunn, 1998).

Random forest classifier
Random Forest Classifier is developed by Breiman (2001) which performs classification by
extending decision to multiple trees instead of a single tree. The ability to diversify through
multiple trees instead of a single tree helps to achieve better classification performance.
The final class of the particular instance is decided by the majority votes of all trees.
Random Forest requires only a few parameters including the number of variables required
for partitioning of the nodes and the number of trees to be grown.

Convolutional Neural Network (CNN)
CNN is a deep learning model which is commonly used on imagery data (Goodfellow et al.,
2016). It consists of an input layer, multiple hidden layers and an output layer where
hidden layers are comprised of convolutional layers followed by the pooling layer and
dense layer.

Long Short Term Memory (LSTM) netwrok
LSTM is another deep learning model based on the Recurrent Neural Network (RNN)
which has the capability to learn from the time series data with long dependencies
(Goodfellow et al., 2016). Each layer in the LSTM model is the set of recurrently connected
blocks or memory cells that performs reasonably well on several complex tasks such as
crop classification.

Evaluation metrics
The evaluation metrics used to assess the performance of the machine and deep learning
algorithms are described as follows:

Producer accuracy
Producer’s Accuracy (PA) defined in Eq. (7) is the accuracy map from the point of
reference of the producer. The PA shows how the classified map depicts the real features on
the ground correctly or the probability that how certain land cover of an area on the
ground is classified. The PA is the complement of the Omission Error (OE), where PA =
100% − OE (Story & Congalton, 1986).

PA ¼ No: of correctly classified images of a class
Total no: of ground truth images for class

(7)

User accuracy
The User’s Accuracy (UA) defined in Eq. (8) is the accuracy with respect to the user of
the map. The UA shows how often the class on the classification map will actually be
in the ground data. The UA is the complement of the Commission Error (CE),
UA = 100% − CE. UA is calculated by taking a total number of correct classifications for a
class divided by the total number of the class.
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UA ¼ No: of correctly classified images of a class
Total no: of images classified for class

(8)

Overall accuracy
Overall Accuracy (OAA) defined in Eq. (9) essentially tells us out of all available classes
from classification what proportion are classified correctly. The overall accuracy is usually
expressed in percentage, where 100% depicts all classes in the classification classified
correctly.

OAA ¼ Total no: correctly classified images of all classes
Total no: of ground truth images of all classes

(9)

Precision
Precision refers to the number of positive class instances correctly classified out of total
classified instances of the class. The formula to compute precision is defined in Eq. (10),
where TP means true positive and FP means false positive.

Precision ¼ TP
TP þ FP

(10)

Recall
Recall refers to amount of total instances of a positive class that are classified correctly. The
formula to compute recall is defined in Eq. (11), where TP means true positive and FN
means false negative.

Recall ¼ TP
TP þ FN

(11)

F1-score
F1-Score is computed to provide a balance between precision and recall, compared to
individually computing precision and recall does not cover all aspects of accuracy. F1-
Score is calculated using the Eq. (12). The range of F1-score is between 0 and 1, where
higher number shows the higher performance of the particular model.

F1� Score ¼ 2 � Precision � Recall
Precisionþ Recall

(12)

Accuracy
Accuracy refers to capability of the model to produce correct predictions for the instances
observed. It is defined in Eq. (13), where TP means true positive, TN means true negative,
FP means false positive and FN means false negative.

Iqbal et al. (2021), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.536 13/26

http://dx.doi.org/10.7717/peerj-cs.536
https://peerj.com/computer-science/


Accuracy ¼ TP þ TN
TP þ TN þ FP þ FN

(13)

All the TP, TN, FP and FN values can easily be computed by drawing the confusion
matrix which is visual representation of all these values as shown in Fig. 4

Figure 4 shows the confusion matrix for two classes i.e. Positive and Negative. The TP is
the correctly classified tuples of class Positives, TN is the number of tuples that are
correctly classified as Negative. However, FP is the number of Negative tuples which are
incorrectly classified as Positive. Similarly, FN is the number of Positive tuples that are
wrongly classified ad Negative (Kantardzic, 2011). In the crop classification domain, the
confusion matrix is another metric that is used to see the performance of the model in
detail.

RESULTS AND DISCUSSION
The machine learning and deep learning algorithms used in our study were support vector
machine (SVM), random forest classifier (RFC), naive Bayes classifier, and neural
networks (NN). Each algorithm was applied once on grayscale images and once on the
images with GLCM based textural features. We have selected five crop classes at various
phenological stages of the crops. The results of the overall accuracy of all classes and
individual crop class performance are organized in separate tables to give a better overview
of the performance. Table 4 shows confusion matrix for classification performed on the
grayscale images using SVM algorithm. The SVM algorithm was able to classify rice and
wheat-T crop correctly. The algorithm with only grayscale images was not able to classify
soybean crop correctly and all the images of soybean were classified as wheat (maturity
stage) crop. SVM algorithm correctly classifies 93% of wheat crop images and only 7%
images were classified as maize, similarly, 73% of maize crop images were correctly
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Figure 4 Confusion matrix. Full-size DOI: 10.7717/peerj-cs.536/fig-4
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classified and only 27% images were classified as wheat-T. The overall accuracy obtained
by SVM classification on grayscale images was 70.45%.

Table 5 shows the confusion matrix for classification performed on generated GLCM
textural features using SVM algorithm. The SVM algorithm on GLCM based textural
features was able to classify rice and wheat-T crop images correctly. The algorithm
with GLCM based textural images was able to classify 66.67% soybean crop images
correctly, whereas 33.33% images were classified as wheat (maturity stage). Similarly, the
algorithm classifies 85.7% wheat crop images correctly, whereas 7.1% images were
classified as rice and the remaining 7.1% images were classified as soybean. The algorithm
classifies 81.82% maize crop images correctly, whereas 9.1% images were classified as
rice and the remaining 9.1% images were classified as wheat-T. The overall accuracy
obtained for SVM classification on generated GLCM based textural features was 84.10%
which showed an improvement of 13.65% compared to training the classifier only on
grayscale images. This improvement clearly shows the impact of using textural features
extracted from grayscale images and their ability to distinguish between different crop
types.

Table 6 shows the confusion matrix for classification performed on grayscale images
using Random Forest classifier. The Random Forest classifier was able to classify rice,
wheat, wheat-T, and maize crop correctly. The algorithm with only grayscale images was
not able to classify soybean crop correctly, except one soybean image all the remaining

Table 4 Confusion matrix for classification performed on grayscale images using SVM.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 0 0 0 9 0 0

Rice 0 5 0 0 0 100

Wheat-T 0 0 5 0 0 100

Wheat 0 0 0 13 1 92.9

Maize 0 0 3 0 8 72.7

UA (%) 0 100 62.5 59.1 88.9

OAA (%) 70.45%

Table 5 Confusion matrix for classification performed on generated textures features images using
SVM.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 6 0 0 3 0 66.7

Rice 0 5 0 0 0 100

Wheat-T 0 0 5 0 0 100

Wheat 1 1 0 12 0 85.7

Maize 0 1 1 0 9 81.8

UA (%) 85.7 71.4 83.3 80 100

OAA (%) 84.1%
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images of soybean were classified as wheat (maturity stage) crop. The overall accuracy
obtained by the Random Forest classifier on the grayscale images was 81.82%.

Table 7 shows the confusion matrix for the classification performed on generated
GLCM textural features using Random Forest classifier. The Random Forest classifier
based on GLCM based textural features was able to classify rice, wheat, wheat-T, and maize
crop correctly. The algorithm with GLCM based textural images was able to classify
55.56% soybean crop images correctly, where 44.4% images were classified to wheat
(maturity stage) images. The overall accuracy obtained for the Random Forest classifier on
generated GLCM based textural features was 90.91% which showed an improvement of
9.09% compared to training the classifier only on grayscale images. This improvement
clearly indicates the ability of the textural features extracted from grayscale images to
distinguish between the crop types.

Table 8 shows the confusion matrix for classification performed on grayscale images
using Naive Bayes classifier. The Naive Bayes classifier was able to classify rice, wheat
(maturity stage), wheat (tillering stage), and maize crop correctly. The classifier with only
grayscale images was not able to classify soybean crop correctly and all the images of
soybean were classified as wheat (maturity stage) crop. The overall accuracy obtained for
Random Forest classification on grayscale images was 79.55%. Table 9 shows the confusion
matrix for classification performed on generated GLCM textural features using Naive
Bayes classifier. The Naive Bayes classifier based on GLCM based textural features was able

Table 6 Confusion matrix for classification performed on grayscale images using Random Forest
Classifier.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 1 0 0 8 0 12.5

Rice 0 5 0 0 0 100

Wheat-T 0 0 5 0 0 100

Wheat 0 0 0 14 0 100

Maize 0 0 0 0 11 100

UA (%) 100 100 100 63.6 100

OAA (%) 81.82%

Table 7 Confusion matrix for classification performed on GLCM features using Random Forest
Classifier.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 5 0 0 4 0 55.6

Rice 0 5 0 0 0 100

Wheat-T 0 0 5 0 0 100

Wheat 0 0 0 14 0 100

Maize 0 0 0 0 11 100

UA (%) 100 100 100 77.8 100

OAA (%) 90.91%
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to classify rice, wheat (maturity stage), wheat (tiler stage), and maize crop correctly.
The algorithm classified 55.56% soybean crop images correctly, where 11.11% images were
classified as rice crop and 33.33% images were classified as wheat (maturity stage) images.
The overall accuracy obtained for the Naive Bayes classifier on generated GLCM based
textural features was 90.91% which showed an improvement of 11.36% compared to
training the classifier on grayscale images only. This improvement clearly shows the
impact of textural features extracted from grayscale images for distinguishing the crop
types. Table 10 shows the confusion matrix for classification performed on grayscale
images using a feed-forward neural network classifier. The feed-forward neural network
classifier was able to classify wheat crop correctly. The classifier with only grayscale
images classifies soybean, wheat-T, wheat, maize as the wheat crop. Also, the rice crop
images were classified as maize crop. The overall accuracy obtained for feed-forward
neural network classifier on grayscale images was 31.82%. The reason for this poor
performance was the limited amount of available data which was not enough to train a
deep learning model and thus resulted in showing an average performance. Table 11 shows
the confusion matrix for classification performed on generated GLCM textural features
using feed-forward neural network classifier. The feed-forward neural network classifier
was able to classify maize crop only. The classifier with only GLCM based images
classifies all crop images into a single class. Each of the soybean, rice, wheat-T, wheat, and
maize images were classified as a maize crop. The overall accuracy obtained for feed-

Table 8 Confusion matrix for classification performed on gray scale images using Naive Bayes
Classifier.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 0 1 1 7 0 0

Rice 0 5 0 0 0 100

Wheat-T 0 0 5 0 0 100

Wheat 0 0 0 14 0 100

Maize 0 0 0 0 11 100

UA (%) 0 83.3 83.3 66.7 100

OAA (%) 79.55%

Table 9 Confusion matrix for classification performed on generated textures features images using
Naive Bayes Classifier.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 5 1 0 3 0 55.6

Rice 0 5 0 0 0 100

Wheat-T 0 0 5 0 0 100

Wheat 0 0 0 14 0 100

Maize 0 0 0 0 11 100

UA (%) 100 83.3 100 82.4 100

OAA (%) 90.91%
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forward neural network classifier on GLCM based images was 25% and was lower
compared to the grayscale images. The reason for this poor performance was the limited
amount of available data which was not enough to train a deep learning model and thus
resulted in showing an average performance.

Table 12 shows the confusion matrix for classification performed on grayscale images
using long short term memory (LSTM). The LSTM based classifier when applied on the
grayscale image was able to classify maize and rice crop correctly. The classifier with
only grayscale images classifies soybean and wheat-T as a wheat crop at a mature stage.
Also, the wheat crop images at the maturity stage were classified as wheat crop correctly,

Table 10 Confusion matrix for classification performed on gray scale images using Neural
Networks.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 0 0 0 9 0 0

Rice 0 0 0 0 5 0

Wheat-T 0 0 0 5 0 0

Wheat 0 0 0 14 0 100

Maize 0 0 0 11 0 0

UA (%) 0 0 0 35.9 0

OAA (%) 31.82%

Table 11 Confusion matrix for classification performed on generated textures features images using
Neural Networks based classifier.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 0 0 0 0 9 0

Rice 0 0 0 0 5 0

Wheat-T 0 0 0 0 5 0

Wheat 0 0 0 0 14 0

Maize 0 0 0 0 11 100

UA (%) 0 0 0 0 25

OAA (%) 25%

Table 12 Confusion matrix for classification performed on gray scale images using LSTM.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 0 0 0 9 0 0

Rice 0 5 0 0 0 100

Wheat-T 0 1 0 4 0 0

Wheat 0 0 0 13 1 93

Maize 0 0 0 0 11 100

UA (%) 0 83 0 50 92

OAA (%) 65.91%
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but only one image was misclassified as maize crop. The overall accuracy obtained for
LSTM based classifier on grayscale images was 65.91%.

Table 13 shows the confusion matrix for classification performed on generated GLCM
textural features using long short term memory classifier. The LSTM based classifier was
able to classify maize crop only. The classifier with only GLCM based images classifies
all crop images into a single class. Each of the soybean, rice, wheat-T, wheat, and maize
images were classified as maize crop. The overall accuracy obtained for LSTM based
classifier on GLCM based images was 25% and was lower compared to the grayscale
images. The reason for this poor performance was the limited amount of available data
which was not enough to train a deep learning model and thus resulted in showing an
average performance. Table 14 shows the confusion matrix for classification performed on
grayscale images using convolutional neural network (CNN). The CNN-based classifier
when applied on a gray scale image was able to classify rice, wheat-tiller, and maize crop
correctly. The classifier with only grayscale images classifies soybean as a wheat crop. Also,
the wheat crop images at the maturity stage were classified as wheat crop correctly, but
only one image was misclassified as maize crop. The overall accuracy obtained from a
CNN-based classifier on grayscale images was 77.27%.

Table 15 shows the confusion matrix for classification performed on generated GLCM
textural features using convolutional neural network (CNN) based classifier. The CNN-
based classifier was able to classify maize crop only. The classifier with GLCM based

Table 13 Confusion matrix for classification performed on generated textures features images using
LSTM.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 0 0 0 0 9 0

Rice 0 0 0 0 5 0

Wheat-T 0 0 0 0 5 0

Wheat 0 0 0 0 14 0

Maize 0 0 0 0 11 100

UA (%) 0 0 0 0 25

OAA (%) 25%

Table 14 Confusion matrix for classification performed on gray scale images using CNN.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 0 0 0 9 0 0

Rice 0 5 0 0 0 100

Wheat-T 0 0 5 0 0 100

Wheat 0 0 0 13 1 93

Maize 0 0 0 0 11 100

UA (%) 0 100 100 59 92

OAA (%) 77.27%
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images classifies all crop images into a single class. Each of the soybean, rice, wheat-T,
wheat, and maize images were classified as a maize crop. The overall accuracy obtained for
CNN-based classifier on GLCM based images was 25% and was lower compared to the
grayscale images. The reason for this poor performance was the limited amount of
available data which was not enough to train a deep learning model and thus resulted in
showing an average performance. The CNN-based classifier on GLCM generated images
failed to learn any information.

It can be concluded from the results obtained by applying machine and deep learning
algorithms that machine learning models with the help of textural features extraction using
GLCM are able to outperform deep learning algorithms because of the limited data set
available. To further enhance the performance of deep learning algorithms, there is a need
to gather more data in order to achieve better results compared to machine learning
algorithms.

Table 16 describes the accuracy, precision, recall and F1-score for SVM on the greyscale
images and the texture images. The highest accuracy (100%) was achieved for rice crops
using grayscale images. Similarly, F1-score was the highest for rice crops when SVM was
applied. The highest value of precision was achieved for rice and wheat-T crops using
grayscale images and texture-based images. The recall shows the highest value for rice
using grayscale images.

Similarly, Table 17 shows the accuracy, precision, recall, and F1-score for the grayscale
images and the texture images when Random forest was applied. The highest accuracy that

Table 15 Confusion matrix for classification performed on generated textures features images using
CNN.

Class Soybean Rice Wheat-T Wheat Maize PA (%)

Soybean 0 0 0 0 9 0

Rice 0 0 0 0 5 0

Wheat-T 0 0 0 0 5 0

Wheat 0 0 0 0 14 0

Maize 0 0 0 0 11 100

UA (%) 0 0 0 0 25

OAA (%) 25%

Table 16 Precision, Recall & F1-Score on gray scale images and texture images using SVM.

Class Accuracy (%) Precision Recall F-1 Score

Gray scale GLCM Gray scale GLCM Gray scale GLCM Gray scale GLCM

Soybean 79.55 91.11 0.0 0.67 0.0 0.86 0.0 0.75

Rice 100 95.56 1.0 1.0 1.0 0.71 1.0 0.83

Wheat-T 93.18 97.78 1.0 1.0 0.63 0.83 0.77 0.91

Wheat 77.27 86.67 0.93 0.80 0.59 0.80 0.72 0.80

Maize 90.91 93.33 0.73 0.82 0.89 0.90 0.80 0.86
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was 100% accuracy was obtained in the case of rice, maize, and wheat-T crops for grayscale
and texture-based images. The F1-score for maize, rice, and wheat-T was highest in the
case of both grayscale and texture images. The highest value of precision was observed
for all crops with grayscale and texture-based images, whereas the highest precision was for
the soybean crop.

Table 18 shows the accuracy, precision, recall, and F1-score for the grayscale images and
the texture images when the Naive Bayes classifier was applied. The highest accuracy
obtained for grayscale images was in the case of maize, wheat-T, and rice crop, whereas in
the case of texture-based images wheat-T and rice crop accuracy were at the higher end.
The F1-score for wheat-T and rice was the highest in the case of both grayscale and
texture-based images. The highest value of precision was observed for all crops when
textured-based images were used, except for soybean. Similarly, the Table 19 the
performance summary of all evaluation metrics when Neural Network was applied on
grayscale images and textural based images. The highest accuracy (100%) was observed
for wheat-T and rice crop. The highest precision, F1-score, and recall were observed for
wheat crop in case of grayscale images and maize crop in case of texture-based images.
Table 20 shows the accuracy, precision, recall, and F1-score for the grayscale images
and the texture images when LSTM based classifier was applied. The highest accuracy
obtained for grayscale images was in the case of maize, wheat, wheat-T, and soybean crop,
whereas in the case of texture-based images rice crop image accuracy was at the higher end.
The F1-score for rice, wheat, and maize crop was higher for grayscale images. The highest

Table 17 Precision, Recall & F1-Score on gray scale images and texture images using Random Forest
Classifier.

Class Accuracy (%) Precision Recall F-1 Score

Gray scale GLCM Gray scale GLCM Gray scale GLCM Gray scale GLCM

Soybean 81.82 90.91 0.11 0.56 1.0 1.0 0.20 0.71

Rice 100 100 1.0 1.0 1.0 1.0 1.0 1.0

Wheat-T 100 100 1.0 1.0 1.0 1.0 1.0 1.0

Wheat 81.82 90.91 1.0 1.0 0.64 0.78 0.78 0.88

Maize 100 100 1.0 1.0 1.0 1.0 1.0 1.0

Table 18 Precision, Recall & F1-Score on gray scale images and texture images using Naive Bayes
Classifier.

Class Accuracy (%) Precision Recall F-1 Score

Gray scale GLCM Gray scale GLCM Gray scale GLCM Gray scale GLCM

Soybean 79.55 90.91 0.0 0.56 0.0 1.0 0.0 0.71

Rice 100 97.73 1.0 1.0 1.0 0.83 1.0 0.91

Wheat-T 100 100 1.0 1.0 1.0 1.0 1.0 1.0

Wheat 79.55 93.18 1.0 1.0 0.61 0.82 0.76 0.90

Maize 100 100 1.0 1.0 1.0 1.0 1.0 1.0
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value of precision and recall was observed for rice, wheat, and maize crops when gray scale-
based images were used. Table 21 shows the accuracy, precision, recall, and F1-score for
the grayscale images and the texture images when CNN based classifier was applied. The
highest accuracy obtained for grayscale images was in the case of all the crops in
classification i.e. soybean, rice, wheat, wheat-T, and maize crops. The F1-score for rice,
wheat, wheat-T, and maize crop was higher for grayscale images. The highest value of
precision and recall was observed for rice, wheat, wheat-T and maize crops when gray
scale-based images were used.

In this particular analysis, crop classification was performed on the dataset collected
by drone mounted with the optical camera. In order to perform crop classification, several
machine learning algorithms i.e. Naive Bayes, random forest and support vector machine,
feed-forward neural network; and deep learning algorithms i.e. Convolutional neural

Table 19 Precision, Recall & F1-Score on gray scale images and texture images using Neural
Networks.

Class Accuracy (%) Precision Recall F-1 Score

Gray scale GLCM Gray scale GLCM Gray scale GLCM Gray scale GLCM

Soybean 79.55 79.55 0.0 0.0 0.0 0.0 0.0 0.0

Rice 88.64 88.64 0.0 0.0 0.0 0.0 0.0 0.0

Wheat-T 88.64 88.64 0.0 0.0 0.0 0.0 0.0 0.0

Wheat 43.18 68.18 1.0 0.0 0.36 0.0 0.53 0.0

Maize 63.64 25 0.0 1.0 0.0 0.25 0.0 0.40

Table 20 Precision, Recall & F1-Score on gray scale images and texture images using LSTM.

Class Accuracy (%) Precision Recall F-1 Score

Gray scale GLCM Gray scale GLCM Gray scale GLCM Gray scale GLCM

Soybean 81.63 79.55 0.0 0.0 0.0 0.0 0.0 0.0

Rice 87.76 88.64 0.5 0.0 0.83 0.0 0.63 0.0

Wheat-T 89.8 88.64 0.0 0.0 0.0 0.0 0.0 0.0

Wheat 71.43 68.18 0.93 0.0 0.50 0.0 0.65 0.0

Maize 87.76 25 1.0 1.0 0.65 0.25 0.79 0.40

Table 21 Precision, Recall & F1-Score on gray scale images and texture images using CNN.

Class Accuracy (%) Precision Recall F-1 Score

Gray scale GLCM Gray scale GLCM Gray scale GLCM Gray scale GLCM

Soybean 81.63 79.55 0.0 0.0 0.0 0.0 0.0 0.0

Rice 89.8 88.64 0.5 0.0 1.0 0.0 0.67 0.0

Wheat-T 100 88.64 1.0 0.0 1.0 0.0 1.0 0.0

Wheat 79.59 68.18 0.93 0.0 0.59 0.0 0.72 0.0

Maize 87.76 25 1.0 1.0 0.65 0.25 0.79 0.40
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network and LSTM were applied on grayscale images and GLCM based features extracted
from these images. The result shows that the extracted GLCM features provide additional
information which helps the machine/deep learning algorithms to learn better patterns
and outperforms the simple gray scale-based classification. Among all other GLCM
features, four GLCM features had a major impact on the classification results i.e. contrast,
energy, dissimilarity, and angular second moment. Each of these four GLCM features
tends to extract local variations in the image which helps the machine learning algorithms
to perform better as compared to the normal gray scale-based classification.

Out of the four machine learning based algorithms applied on GLCM based images,
random forest, and naive classifier achieved an overall accuracy of 90.9% whereas
SVM-based classifier achieved only 84.1 which was still better compared to only using
grayscale images for classification. The random forest algorithm performs better because
each tree to be used, gives a single prediction for each record and it takes an average overall
to give the final prediction which results in an overall better result. However, the deep
learning models including CNN, LSTM don’t perform well on the extracted GLCM based
features. These models were designed to learn the features automatically using filters in
their architecture as compared to the hand-engineered GLCM features. Moreover, the
accuracy of these models doesn’t improve on the grayscale images because of the very
small dataset with a little variation which results in the miss classifies all crop images. The
same was the case with the feed-forward neural network which shows poor performance
with the accuracy of 63.64% on grayscale images and 25% on extracted GLCM features.

Conclusion and Future Work
In this study, we investigated the potential of GLCM-based texture information for crop
classification. The main goal of this study is to evaluate the benefit of textural features by
comparing them with the grayscale images. The experimental area with five crops at
different stages of the crop cycle is selected from the NARC fields located in Islamabad,
Pakistan. The grayscale images have little information which makes them difficult to
distinguish between the different classes. In contrast to this, the textural features extracted
from the grayscale images show great potential to classify the different crop classes. Among
these GLCM features, four features are found to be more useful for the particular
experiment of crop classification including contrast, energy, dissimilarity, and angular
second moment which try to extract local variations in the image.

In order to perform crop classification, machine/deep learning algorithms are applied
including Naive Bayes, random forest, support vector machine, feed-forward neural
network, convolutional neural network, and LSTM. The overall crop classification among
the five classes, Naive Bayes, and random forest classifier for textural-based images
achieved an accuracy of 90.91%. However, in the gray scale-based images, Naive Bayes
achieved an accuracy of 79.55% and random forest achieved an accuracy of 81.82%. In
contrast to this, the deep learning models including CNN, LSTM don’t perform well on the
extracted GLCM based features due to the small dataset. Similarly, the neural network
achieved an accuracy of 31.82% in grayscale images and 25% in the case of textural-based
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images. The deep learning algorithms will show a better performance for crop classification
by using more data and with extracted texture-based images.

The major limitation of data acquisition is the specific altitude of the drone flight, which
constrained us to cover all fields in one view. For this particular experiment, limited
plots are chosen where images are collected from these allotted experimental fields. The
other limitation is related to the drone flight i.e. drone cannot be flown at much higher
altitude in the subject area due to security reasons.

To better analyze the results of crops grown in a region, the drone should be flown at an
altitude of 400 ft covering at least 15 crop fields. In addition, for practical agriculture
production, crop surface feature discrimination can be explored.

ACKNOWLEDGEMENTS
The research work has been conducted in SEECS, NUST, in collaboration with NARC,
Islamabad.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The research work is funded by HEC under NRPU program, Pakistan. The funders had no
role in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
NRPU program, Pakistan.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Naveed Iqbal conceived and designed the experiments, performed the experiments,
analyzed the data, performed the computation work, prepared figures and/or tables,
authored or reviewed drafts of the paper, and approved the final draft.

� Rafia Mumtaz conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the paper, supervision, and approved
the final draft.

� Uferah Shafi performed the experiments, analyzed the data, authored or reviewed drafts
of the paper, and approved the final draft.

� Syed Mohammad Hassan Zaidi performed the experiments, analyzed the data, authored
or reviewed drafts of the paper, and approved the final draft.

Iqbal et al. (2021), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.536 24/26

http://dx.doi.org/10.7717/peerj-cs.536
https://peerj.com/computer-science/


Data Availability
The following information was supplied regarding data availability:

The source code and the dataset used in the study is available at GitHub: https://github.
com/niqbalmsit17/CropClassification.

REFERENCES
Data Augmentation. 2020. Data augmentation using Image Data Generator keras. Available at

https://keras.io/api/preprocessing/image/ (accessed 3 July 2020).

Böhler JE, Schaepman ME, Kneubühler M. 2018. Crop classification in a heterogeneous arable
landscape using uncalibrated UAV data. Remote Sensing 10(8):1282 DOI 10.3390/rs10081282.

Breiman L. 2001. Random forests. Machine Learning 45(1):5–32 DOI 10.1023/A:1010933404324.

Crop Calendar. 2020. Crop Calendar of Pakistan. Available at http://namc.pmd.gov.pk/crop-
calender.php (accessed 10 September 2020).

Deng Z, Zhu X, He Q, Tang L. 2019. Land use/land cover classification using time series landsat 8
images in a heavily urbanized area. Advances in Space Research 63(7):2144–2154
DOI 10.1016/j.asr.2018.12.005.

Ding SF, Qi BJ, Tan HY. 2011. An overview on theory and algorithm of support vector machines.
Journal of University of Electronic Science and Technology of China 40(1):2–10.

GLCM Equations. 2011. Gray Level Co-occurence Matrix equations. Available at https://scikit-
image.org/docs/0.7.0/api/skimage.feature.texture.html#skimage.feature.texture.greycoprops
(accessed 10 July 2020).

Goodfellow I, Bengio Y, Courville A, Bengio Y. 2016. Deep learning. Vol. 1. Cambridge: MIT
Press.

Gunn SR. 1998. Support vector machines for classification and regression. ISIS Technical Report
14(1):5–16.

Haralick RM, Shanmugam K, Dinstein IH. 1973. Textural features for image classification. IEEE
Transactions on Systems, Man, and Cybernetics SMC-3(6):610–621
DOI 10.1109/TSMC.1973.4309314.

Helber P, Bischke B, Dengel A, Borth D. 2018. Introducing eurosat: a novel dataset and deep
learning benchmark for land use and land cover classification. In: IGARSS 2018-2018 IEEE
International Geoscience and Remote Sensing Symposium. Piscataway: IEEE, 204–207.

Hu X, Zhong Y, Luo C, Wei L. 2018. Fine classification of typical farms in Southern China based
on airborne hyperspectral remote sensing images. In: 2018 7th International Conference on
Agro-geoinformatics (Agro-geoinformatics). Piscataway: IEEE, 1–4.

Hufkens K, Melaas EK, Mann ML, Foster T, Ceballos F, Robles M, Kramer B. 2019.Monitoring
crop phenology using a smartphone based near-surface remote sensing approach. Agricultural
and Forest Meteorology 265(17):327–337 DOI 10.1016/j.agrformet.2018.11.002.

Kantardzic M. 2011. Data mining: concepts, models, methods, and algorithms. Hoboken: John
Wiley & Sons.

Khaliq A, Peroni L, Chiaberge M. 2018. Land cover and crop classification using multitemporal
sentinel-2 images based on crops phenological cycle. In: 2018 IEEEWorkshop on Environmental,
Energy, and Structural Monitoring Systems (EESMS). Piscataway: IEEE, 1–5.

Kwak G-H, Park N-W. 2019. Impact of texture information on crop classification with machine
learning and UAV images. Applied Sciences 9(4):643 DOI 10.3390/app9040643.

Laben CA, Brower BV. 2000. Process for enhancing the spatial resolution of multispectral imagery
using pan-sharpening. US Patent 6,011,875.

Iqbal et al. (2021), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.536 25/26

https://github.com/niqbalmsit17/CropClassification
https://github.com/niqbalmsit17/CropClassification
https://keras.io/api/preprocessing/image/
http://dx.doi.org/10.3390/rs10081282
http://dx.doi.org/10.1023/A:1010933404324
http://namc.pmd.gov.pk/crop-calender.php
http://namc.pmd.gov.pk/crop-calender.php
http://dx.doi.org/10.1016/j.asr.2018.12.005
https://scikit-image.org/docs/0.7.0/api/skimage.feature.texture.html#skimage.feature.texture.greycoprops
https://scikit-image.org/docs/0.7.0/api/skimage.feature.texture.html#skimage.feature.texture.greycoprops
http://dx.doi.org/10.1109/TSMC.1973.4309314
http://dx.doi.org/10.1016/j.agrformet.2018.11.002
http://dx.doi.org/10.3390/app9040643
http://dx.doi.org/10.7717/peerj-cs.536
https://peerj.com/computer-science/


Latif MA. 2018. An agricultural perspective on flying sensors: state of the art, challenges, and future
directions. IEEE Geoscience and Remote Sensing Magazine 6(4):10–22
DOI 10.1109/MGRS.2018.2865815.

Liu B, Shi Y, Duan Y, Wu W. 2018. UAV-based crops classification with joint features from
orthoimage and DSM data. International Archives of the Photogrammetry, Remote Sensing &
Spatial Information Sciences 42(3):1023–1028 DOI 10.5194/isprs-archives-XLII-3-1023-2018.

Luciani R, Laneve G, Jahjah M, Collins M. 2017. Crop species classification: a phenology based
approach. In: 2017 IEEE International Geoscience and Remote Sensing Symposium (IGARSS).
Piscataway: IEEE, 4390–4393.

Navalgund RR, Jayaraman V, Roy P. 2007. Remote sensing applications: an overview. Current
Science 93(12):1747–1766.

Seelan SK, Laguette S, Casady GM, Seielstad GA. 2003. Remote sensing applications for precision
agriculture: a learning community approach. Remote Sensing of Environment 88(1–2):157–169
DOI 10.1016/j.rse.2003.04.007.

Sivakumar MVK, Roy PS, Harmsen K, Saha SK. 2004. Satellite remote sensing and gis
applications in agricultural meteorology. Proceedings of the Training Workshop in Dehradun,
India. AGM-8, WMO/TD 1182.

Story M, Congalton RG. 1986. Accuracy assessment: a user’s perspective. Photogrammetric
Engineering and Remote Sensing 52(3):397–399 DOI 10.1071/WF01031.

Sun J, Abdulghani AM, Imran MA, Abbasi QH. 2020. IoT enabled smart fertilization and
irrigation aid for agricultural purposes. In: Proceedings of the 2020 International Conference on
Computing, Networks and Internet of Things. New York: ACM, 71–75.

Trujillano F, Flores A, Saito C, Balcazar M, Racoceanu D. 2018. Corn classification using deep
learning with UAV imagery: an operational proof of concept. In: 2018 IEEE 1st Colombian
Conference on Applications in Computational Intelligence (ColCACI). Piscataway: IEEE, 1–4.

Tuceryan M, Jain A. 1993. Texture analysis. Handbook of Pattern Recognition and Computer
Vision 235–276 DOI 10.1142/9789814343138_0010.

Witten IH, Frank E. 2002. Data mining: practical machine learning tools and techniques with java
implementations. ACM Sigmod Record 31(1):76–77 DOI 10.1145/507338.507355.

Zahid A, Abbas HT, Ren A, Zoha A, Heidari H, Shah SA, Imran MA, Alomainy A, Abbasi QH.
2019. Machine learning driven non-invasive approach of water content estimation in living
plant leaves using terahertz waves. Plant Methods 15(1):1–13 DOI 10.1186/s13007-019-0522-9.

Zhao L, Shi Y, Liu B, Hovis C, Duan Y, Shi Z. 2019. Finer classification of crops by fusing UAV
images and sentinel-2a data. Remote Sensing 11(24):3012 DOI 10.3390/rs11243012.

Zhou Z, Li S, Shao Y. 2018. Crops classification from sentinel-2a multi-spectral remote sensing
images based on convolutional neural networks. In: IGARSS 2018-2018 IEEE International
Geoscience and Remote Sensing Symposium. Piscataway: IEEE, 5300–5303.

Iqbal et al. (2021), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.536 26/26

http://dx.doi.org/10.1109/MGRS.2018.2865815
http://dx.doi.org/10.5194/isprs-archives-XLII-3-1023-2018
http://dx.doi.org/10.1016/j.rse.2003.04.007
http://dx.doi.org/10.1071/WF01031
http://dx.doi.org/10.1142/9789814343138_0010
http://dx.doi.org/10.1145/507338.507355
http://dx.doi.org/10.1186/s13007-019-0522-9
http://dx.doi.org/10.3390/rs11243012
http://dx.doi.org/10.7717/peerj-cs.536
https://peerj.com/computer-science/

	Gray level co-occurrence matrix (GLCM) texture based crop classification using low altitude remote sensing platforms
	Introduction
	Related work
	Methodology
	Results and discussion
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


