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ABSTRACT
Nutrient Content NPK is macro nutrient content that important
for the growth of a plant. The measurement of NPK conducted
periodically, but the measurement using laboratories test need
relatively long time. This Research is conducted to determine
the nutrient content of the soil, consisted of nitrogen, phosphor,
and calcium (NPK) using digital image processing based on
Features from Accelerated Segment Test (FAST) and
backpropagation artificial neural network. The data sample in
this research taken from the rice field soil in Daerah Istimewa
Yogyakarta province where the soil taken at the length of 30 cm
to 110 cm with l20 cm interval, and -30° to 30° degree with
interval 10°. The model from this measurement system based
on texture’s characteristic that extracted using Scale Invariant
Feature Transform from soil’s image that already passed preprocessing process. The characteristic result will be the input
from the artificial neural network with a variation on
parameter’s model. The model tested for the purpose of
knowing the influence the distance and degree where the image
taken and the influence of parameter’s artificial neural network.
The result from the research, is a accurate value of the
measurement for each nutrient in the soil, nitrogen (94.86%),
phosphor (58.93%) and calcium (63.57%), with the mean
72,46%. The corresponding result obtained from image taken
with optimal height of 70 cm and degree 0o.

Keywords: Features, Accelerated Segment, Determining
Nitrogen, Phosphorus, Potassium, NPK.

1. INTRODUCTION
Land is one of the very basic needs in agriculture. Ideal
soil has good nutrients according to the needs of a plant.
If a plant lacks a nutrient, it will show symptoms in a
specific organ which is usually called a symptom of
chastity. Nutrients needed by plants are not entirely able
to be fulfilled from the ground. Therefore, it is necessary
to add from the outside and usually in the form of
fertilizer. Fertilizer is a material that is given into the soil

or plants to meet the needs of nutrients for plants and
can function to improve the physical, chemical and
biological properties of the soil [1]. However, excessive
use of fertilizer can be toxic to the soil due to nutrient
imbalance. Therefore, the application of fertilizer
composition in accordance with the needs of the soil is
highly recommended so that the yields become better
without damaging the soil [2].
Evaluation of soil fertility can be done in several ways,
namely through visual observation of plant deficiency
symptoms, plant analysis and soil analysis. Plant analysis
includes analysis of primary macro nutrient uptake and
vegetative testing of plants by looking at plant growth [2].
Soil analysis can be done by measuring nutrients, which
are taking soil samples and brought to the Laboratory.
Measurement of nutrients can also be done by processing
digital images and artificial neural networks. Digital
image processing can be used to recognize objects in
detail. One method of processing digital images is ScaleInvariant Feature Transform (SIFT). Scale-Invariant
Feature Transform (SIFT) is an algorithm in Computer
vision to detect and describe local features of images.
This algorithm was published by [3,4]. The SIFT method
has strong resistance to scaling, rotation, changes in
image perspective, changes in lighting intensity and noise.
Digital image processing methods and artificial neural
networks obtain faster measurement results compared to
measurements in the Laboratory. So that the data can be
directly used in the use of fertilizers to suit the needs of
the soil without waiting several days.
In processing image data using the SIFT method, it
provides benefits for nutrient measurements. Farmers
usually use N, P and K nutrient content in the soil to
fertilize crops. The results of this SIFT research method
can be used as a reference for fertilizing
recommendations for the administration of nutrients N, P
and K.

International Journal of Computer Science and Software Engineering (IJCSSE), Volume 9, Issue 1, January 2020
R. Sumiharto et. al

2. METHODOLOGY
2.1 System Analysis
This Research Is Focused on The Texture Features of
The Soil, The Pattern of These Features Will Be
Processed by Artificial Neural Networks. Scale-Invariant
Feature Transform Operation Is One of The Powerful
Feature Extractors. That Is Because, The Operation
Detects and Describes Local Features of An Image. Sift
Has A Fairly Strong Resistance to Scaling, Rotation and
Changes in Image Perspective. Effectively the Sift
Method Has the Results of Analysis with High Accuracy
[3,4,5,6].
The results of system models that can predict nutrient
levels from the texture characteristics of artificial neural
networks are trained with the backpropagation algorithm.
The principle works, the image that has been stored in a
folder with labelled as needed to be extracted by Scaleinvariant feature transformation operations, so that the
texture characteristics are obtained. These characteristics
are used as input from trained neural network models
[7,8,9,10].

2.2 System Design

2

2. 3 Hardware
The hardware in this study is a unified system arranged
in such a way as to obtain a series of hardware needed.
Figure 2 is a hardware design in the form of a tripod with
the addition of PVC pipe joints to meet the height
variation specifications ranging from 30 cm - 110 cm.
The camera is placed on a smartphone holder that can be
adjusted to take an angle, so that it meets shooting
specifications ranging from -30 ° to 30 °, in addition to
that the hardware is equipped with a waterpass that is
used for reference points to take angle variations.
Figure 2 Hardware Design The hardware design in this
study is a unified system arranged in such a way as to
obtain a series of hardware needed. Figure 2 is a
hardware design in the form of a tripod with the addition
of PVC pipe joints to meet the height variation
specifications ranging from 30 cm - 110 cm. The camera
is placed on a smartphone holder that can be adjusted to
take an angle, so that it meets shooting specifications
ranging from -30 ° to 30 °, in addition to that the
hardware is equipped with a water pass that is used for
reference points to take angle variations.

The design of system is explained in Figure 1, there is a
process of training artificial neural network models on a
computer. The training data is used for the training
process which includes the pre-processing process,
feature extraction using Scale-invariant feature transform
operations, the results of the feature extraction will be
input into a multilayer perceptron type artificial neural
network that is trained by the backpropagation algorithm
with laboratory test results as a target. The testing
process used test data to see the performance of the
system which includes the pre-processing process,
feature extraction, and the results of the process will be
entered a trained tissue model that predicts levels of
nutrients nitrogen, phosphorus, and potassium.
Fig. 2. Hardware Design

2.4 Software
Software design is a unified program that processes
starting from the process of image capture, image data
processing in the digital realm, and finally the prediction
of nutrient levels using artificial neural networks. Figure
3 is an overall flow diagram of the system.

Fig. 1. Research Block Process
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Fig. 5. Hidden layer variation

Fig. 3. Flowchart System

3. RESULT AND ANALYSIS
3.1 Neural Network Parameters
Artificial neural network parameters to be tested are the
number of epochs, and the number of units in the hidden
layer. Tests carried out variations on the epoch with units
in the hidden layer at 40 units for Nitrogen, 44 units for
Phosphorus and 34 units for Potassium.
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Fig. 4. Epoch variation

The results of the MAPE value experience a downward
trend when the value of the epoch is higher, but the
decrease in the value of the MAPE stops at epoch 100 to
1000 has a MAPE value which is 0.57% in Figure 4. The
results of each nutrient content will get levels nitrogen
(0.06%), phosphorus content (0.84%) and potassium
content (0.81%). Testing on hidden layer unit variations
is done by adjusting the learning rate values of 0.1 and
1000 epoch. The hidden layer unit tests on artificial
neural network models start from 2 units to 100 units at
intervals of 2 units. Figure 5 shows the hidden layer
testing of 32 units of neural network models, 34 units, 36
units, 38 units, 40 units, 42 units, 44 units and 46 units.

3.2 Variation of Training Data and Test Data
Variation of training data and test data is done to find the
pair of training data and test data on the composition of
90% of training data and 10% of test data. The test of the
training data pair and test data used data at 50 cm and 0°
angle with a learning rate value of 0.1, epoch 100, 40
units for the nitrogen network model and 44 units for the
phosphor network model, while 34 units for the
potassium network model. Cross validation data pairs
will be varied, so we find pairs that have the optimal
MAPE value. The results of variations of data pairs can
be seen in Table 1
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Table 1: Test Results Variations in Training Data Pairs and
Test Data

Testing
Bantul
Pogung
Taman Tirto

N
10,8
2
13,5
3
16,0
8

AVG MAPE (%)
P
K
48,87

85,66

41,07

48,06

286,28

59,99

.
Fig. 6. The result of Testing Model on Height Variation

Palagan

8,84

261,13

190,63

Pakem

9,99

158,93

111,80

Mangunan

10,5
9

51,48

201,11

Kalasan

5,37

44,04

40,76

Godean

5,58

57,89

75,85

Cangkringan

6,48

102,41

150,96

Guwosari

5,14

53,42

36,42
Fig. 7. The result of Testing Model on Angle Variation

The results of the test showed that the pair of test data in
the Guwosari and Pogung areas had an average MAPE
value for nitrogen levels (5.14%), phosphorus levels
(41.07%), and potassium levels (36.42%).

3.3 Altitude and Angle Distance Testing
Tests on the variation of distance and angle of image
capture to get the network model at the distance and
angle with the optimal mean absolute percentage error
(MAPE) value. Data is taken to adjust the hardware
specifications, namely the variation in the distance
between 30 cm - 110 cm with intervals of 20 cm and
angles between -30 ° to 30 ° with intervals of 10 °. The
test conditions use a learning rate value of 0.1, 100
epochs, and units in the hidden layer of 50 units.
The average results of the best distance measurements
can be seen in Figure 6, the highest average accuracy
(89.24%) obtained at a height of 70 cm with a MAPE
value of only 10.76%. The lowest average MAPE value
at a height of 70cm compared to the average MAPE at a
height of 30 cm, 50 cm, 90 cm and 110 cm so that it can
be concluded that the optimal height to stabilize the soil
image is 70 cm above the ground surface. The height of
70 is used for subsequent tests. In Figure 6, it is also seen
that the N value has a relatively low MAPE average, only
in the range of 3.59% to 6.65%. P values have an average
MAPE ranging from 9.22% to 47.15%. K values have the
largest average MAPE, ranging from 16.40% to 66.99%

The average results of the best distance measurements
can be seen in Figure 6, the highest average accuracy
(89.24%) obtained at a height of 70 cm with a MAPE
value of only 10.76%. The lowest average MAPE value
at a height of 70cm compared to the average MAPE at a
height of 30 cm, 50 cm, 90 cm and 110 cm so that it can
be concluded that the optimal height to stabilize the soil
image is 70 cm above the ground surface. The height of
70 is used for subsequent tests. In Figure 6, it is also seen
that the N value has a relatively low MAPE average, only
in the range of 3.59% to 6.65%. P values have an average
MAPE ranging from 9.22% to 47.15%. K values have the
largest average MAPE, ranging from 16.40% to 66.99%.
The results of the test presented in Figure 7 show that the
MAPE value has increased at an angle of 0 ° to 20 ° and
0 ° to -20 °, but at an angle of 20 ° to 30 ° and -20 ° to 30 ° the MAPE value has decreased. Tests of each
nutrient obtained optimal average measurement results at
an angle of 0 ° with MAPE values of nitrogen content
(6.65%), phosphorus content (9.22%), and potassium
levels (16.40%), so the average is 10.76%. In testing with
variations in height from 30 cm to 110 cm with intervals
of 20 cm and angle variations of -30 ° to 30 ° with
intervals of 10 ° obtained an optimal height of 70 cm
with an angle of 0 °.
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4. CONCLUSIONS
Based on the test results of the NPK nutrient content
determination system using Scale-Invariant Feature
Transform (SIFT) and Backpropagation Neural Network
with Artificial Neural Network parameters using hidden
layers for each element including 40 units for N elements,
44 units for P elements and 34 units for the K. Epoch
element used 100 and a minimum error of 0.000001 with
a learning rate of 0.1. Cross Validation results obtained
areas that have the lowest average MAPE are Guwosari
for N and K elements and Pogung for P elements with
average MAPE values for nitrogen levels (5.14%),
phosphorus levels (41.07%) and potassium levels
(36.42%). The accuracy of determining NPK nutrient
levels using the SIFT method and Backpropagation
Neural Network with Artificial Neural Network
parameters of 72.46% includes (94.86%) on the Nitrogen
element, (58.93%) on the Phosphorus element and
(63.57%) on the Potassium element. These results are
obtained on image capture with an optimal height of 70
cm and an angle of 0o.
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