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ABSTRACT

There are many types of plant, not all recognized by people. Indonesia has many
varieties of plants across the country, from Sabang to Merauke. Often, we find
some fruits or plants that grow in different areas called by different names. The

KEYWORDS goal of this research is to create an application that can recognize plant types
CNN from their characteristics. These characteristics can be leaves, fruit, flowers or
YOLO roots. Current research focuses on distinguishing several types of plants
Leaf Images including their varieties using leaf images. It is hoped that apart from being able

Object Recognition

to determine the mango plant, we can also determine the type of mango, such as
manalagi, harum manis, as well as guava and orange. To be able to recognize
these types of plants, an object recognition algorithm based on CNN
(Convolutional Neural Network) will be used. The algorithm that will be used is
YOLO (You Only Look Once) version 4. Method in this research includes data
collection, all data was taken using webcam or mobile phone camera. The next
step is data preparation and creating a bounding box. Next step is creating model
using training data and the last step was compare model with testing data, The
result we got is really encouraging with almost 100 percent accuracy. The lowest
accuracy is 98 percent for jambu air. This research show us that YOLOv4 can be
used to differentiate varieties of plants.

Perlindungan & Risnawati [4] tried to identify chili
plants using CNN. There is another research to identify
herbal leaves using CNN [5] and trying to identify the
tomatoes disease using leaves [6]. There are more
research that gave very good results to identify plant
leaf diseases using CNN [7], [8].

The final goal of this research is to identify herbal
plants. This research chose to use mango, guava, and

1. Introduction

Indonesia has a lot of variety of plants across the
country. For many people it is difficult to acknowledge
the plant. Each plant has its own uniqueness, and its
parts have different benefits. If people can
acknowledge the plant and its benefits, then people can
use it when needed. For example, if lost in the jungle,
people can eat plants that are not poisonous. This

research tries to create a model that can distinguish
different types of plants.

To recognize the type of plant, you can look at its
leaves, fruit, and flowers. In previous research,
researchers were already using YOLO to differentiate
faces in real time using CCTV and got a good result
[1]. After that, researchers were using YOLO algorithm
to differentiate the types of mango plants, namely
mangga manalagi, mangga harum manis, mangga
gedong or mangga apel from the image of the leaves
[2] and in another research we differentiate the health
of mango plants using leaf images [3].

In the current research, researchers want to add
other types of plants and see whether the YOLO
algorithm can differentiate each plant and its varieties
well. There is already much research trying to
differentiate plants using their leaves., such as

orange plants rather than herbal plants. This is because
fresh herbal plant leaves are difficult to obtain for
different varieties, for example leaves for red ginger,
white ginger, or elephant ginger.

Researchers want to use primary data, apart from
ensuring each sample, also to create a leaf dataset. The
sample of mango, guava and orange leaves are easier
to get because those grow in a lot of houses in the
neighborhood. It is assumed that if the model obtained
can differentiate mango, guava, and orange plant
varieties, it can also be used to differentiate herbal plant
varieties. If this research is successful, the next
research will add another part of plant like its fruit,
flower, and root. So, it can predict the variety of the
plant not only by leaves.



2. Research Methods

This research follows the steps that we can see in
figure 1.
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Figure 1. Research Flow
2.1 Data Collection

The first step taken is to collect the necessary data.
The expected data is primary data. After the data is
collected, images are taken using a webcam and camera
and classified. It is hoped that the total data obtained
will reach 200 — 300 samples.

In this research, several types of leaves were used,
namely guava leaves, orange leaves and mango leaves.
The guava leaves consist of several types, namely
jambu air, jambu bol, jambu biji, jambu mede, and
jambu batu. The orange leaves used are jeruk bali, jeruk
peras, jeruk limo and jeruk purut. Meanwhile, the
mango leaves used are mangga bacang, mangga
manalagi, mangga apel, mangga harum manis and
mangga golek.

The pictures were taken using mobile phones. Each
leaf gave us four pictures, that is the front side and the
back side. Every picture was taken in normal light and
less light. Sample guava leaf (jambu batu) can be seen
in Figure 2 and Figure 3. Both pictures are taken using
norma light (high brightness).

Figure 2. Guava leaf (front side)

Figure 3. Guava leaf (back side)

The total data collected was 404 pieces. This data
is divided into pictures with low and high brightness.
However, the leaves of mangga manalagi, mangga
apel, mangga harum manis and mangga golek were not
photographed with low brightness. The data that has
been obtained will be used for training and datasets as
we see in table 1.

Table 1. Leaf Dataset

No  Typeof Type of Low High Total
Fruits Leaves Brightne  Brightness
ss

1 Guava Jambu Air 12 12 24

2 Jambu Bol 15 15 30

3 Jambu 21 21 42
Biji

4 Jambu 23 23 46
Mede

5 Jambu 8 8 16
Batu

6 Orange  Jeruk Bali 24 24 48

7 Jeruk 15 15 30
Peras

8 Jeruk 12 12 24
Limo

9 Jeruk 11 11 22
Purut

10 Mango  Mangga 23 23 46
Bacang

11 Mangga 0 19 19
Manalagi

12 Mangga 0 22 22
Apel

13 Mangga 0 22 22
Harum
Manis

14 Mangga 0 13 13
Golek

The next step before creating a model is to prepare

the data. We go through all the pictures to see any
defect. If there is a picture that is not good enough, then
we need to collect it again.



After all the pictures go through selection process
and no defect was found then we can continue to create
a model.

2.2 Model Development

Once the required data is complete, training will be
used from the existing data. Model development will
use deep learning. The deep learning method we use is
Convolutional Neural Network (CNN). The object
recognition algorithm that will be used is YOLO (You
Only Look Once) that derived from CNN.

There are a lot of object recognition algorithms,
why does this research focus on YOLO? YOLO can
predict objects during real time with good accuracy and
very fast also can be embedded into device [9]. Other
researchers have used YOLO in their research and give
good predictions, such as leaf base disease detection for
bell pepper plant [10] and crop disease detection [11].

In this research, YOLO version 4 [12] will be used,
because it has been used in previous research. YOLOv4
is based on YOLOv3 developed by Joseph Redmon
[13]. YOLOvV4 is significantly faster than YOLOv3
[14]

Before we train all the data we have collected,
there is a need to create a bounding box. After the data
has been trained, testing will be carried out using the
dataset that has been prepared for that purpose. It is
hoped that the accuracy achieved is accurate enough to
differentiate plant types and varieties.

2.2.1 Bounding Box

Preparation for data training is to create a
bounding box from all the data that has been obtained.
This bounding box is used to label the data and classify
leaf types. Bounding boxes and labels are done
manually using an application to maintain data
accuracy.

In the beginning we tried to create a program to
create the bounding box automatically, but not all
leaves got the box correctly. Because of time
restriction, we choose to use an application to draw
bounding box manually. The application we use is
YoloLabel

Using this application, we manually create a
bounding box for each leaf. After that, we need to
choose which label this leaf belongs to. How to create
a bounding box and given the label can be seen in
figure 4 and figure 5.

Figure 4. Jeruk Bali Leaf (Low Brightness
Labeling)

Figure 5. Jeruk Bali Leaf (High Brightness
Labeling)

2.2.2 Training

After data preparation is complete, that is all the
pictures have already been bound into the box and
given the correct label then we can continued with
dataset training.

We divided the dataset for training and testing using
around 80 percent for training and 20 percent for
testing. So, from the 404 pictures we have, we used 322
pictures for the training dataset, 82 pictures of total data
were used for testing.

The selection of pictures for testing was done
manually. From every category we collect some
pictures, if possible, we choose picture that has been
taken in low brightness and in high brightness. All the
training data was used by the YOLOv4 algorithm to
build a model for prediction. The YOLO algorithm will
resize the pictures automatically and for this research
we use default size, that is 412 x 412.

3. Results and Discussion
3.1 Results

Based on the results of the training that has been
carried out, an object recognition model using
YOLOV4 is obtained.

After the training finished and we got the model,
the next step is to run the test to see the prediction
accuracy. Then, after the data prepared for testing is run
on the model, the results obtained are as shown in table
2. The testing data for mango number 11 to 14 (Mangga
Manalagi, Mangga Apel, Mangga Harum Manis and



Mangga Golek) are twice from other leaves, because
those leaves only have pictures in high brightness. We
did not have low brightness pictures for those data.

Table 2. Prediction Results

Amount of
Testing Data

No  Types of Leaves Average
Prediction

Accuracy in %

1 Jambu Air 5 98
2 Jambu Bol 4 99,5
3 Jambu Biji 4 100
4 Jambu Mede 4 100
5 Jambu Batu 5 100
6 Jeruk Bali 4 100
7 Jeruk Peras 4 99,75
8 Jeruk Limo 4 99,75
9 Jeruk Purut 4 100
10 Mangga Bacang 4 100
11 Mangga 10 100
Manalagi
12 Mangga Apel 10 98,5
13 Mangga Harum 10 100
Manis
14 Mangga Golek 10 99,9

We can see from the table that the prediction
accuracy is very good. There are eight leaves that were
predicted correctly with accuracy 100 percent. The
other leaves still get more than 98 percent accuracy.
The lowest prediction accuracy was 98 percent and
only for one leaf that is from guava (Jambu Air). The
figures below will show us how to get those accuracy
numbers.
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Figure 6. Jambu Biji Leaf Prediction Results
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Figure 7. Jeruk Bali Leaf Prediction Results
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Figure 8. Mangga Bacang Leaf Prediction Results

As we can see from those figures, after the test was
run YOLO will save the result into pictures and show
us the name of the leaves it predicts and its accuracy.

From the test results shown in the figures above, we
can see that the model generated using YOLOV4 can
differentiate between the types of mangoes, orange and
guava leaves very good, because the lowest correct
prediction result is 98 percent.

3.2 Discussion

From the results obtained, it can be seen that
YOLOv4 almost succeeded in detecting each type of
leaf. Almost all the test data can be identified correctly.
There is only one piece of data that is not detected.

Test results that reach 100 percent for each leaf are
very encouraging, but this also requires further
research. Is it because the algorithm or because the
dataset is too low.

During data collection, besides taking pictures we
also collected height and width of each leaf. These data
could be integrated into further research.

4. Conclusion

From the research that has been carried out, it can
be concluded that the YOLOvV4 algorithm has been
successful in determining varieties for each plant type.
Each different plant variety can be detected with
excellent accuracy.

The research results show that YOLOv4 can
differentiate whether this is a mango or orange plant,
and the variety of each plant. For example, it can



predict the leaf is a leaf from a mango plant and the
variety is mango manalagi.

The benefit of this research is that you can
differentiate plant types from leaf images. In the future,
datasets can be developed for more plant types. Apart
from that, you can also add other parts of the plant, such
as flowers, fruit, and roots, so that the data will be more
complete.

With a method that has proven successful in
distinguishing plant types, a mobile application can be
developed to be implemented directly.

The disadvantages of this research are very small
datasets. This research only has 404 pictures. Another
disadvantage is some of the pictures were taken using
a web camera, so some of the pictures are a bit blurry.
All the pictures that were taken using a mobile phone
camera are of very good quality. Mobile phone used
was OPPO A77S and the camera has 50 MP capacity.

5. Suggested

Yolov4 has given a very good prediction, another
researcher can add more datasets for plants and
varieties to check the prediction. YOLO is always
developing, today we have new versions of YOLO.
Those are versions 7 and 8 [15]. YOLOV?7 is said to be
faster and give better accuracy then YOLOv4 [16].
There is already research that detect tea leaf disease
using version 7 [17]. It is interesting to compare the
results that we get in this research using another version
of YOLO.

As we said before, YOLO is one of the algorithms
that can be used to predict the object. We can compare
YOLO with another object recognition algorithm to
compare the speed and the accuracy of prediction. As
YOLO is good for making predictions in real time, we
can create an application that uses the model and
compare the result.

6. Acknowledgement

This research was supported by Matana University.
We thank our colleagues and our students from Matana
University who provided insight and expertise that
greatly assisted the research, although they may not
agree with all of the interpretations/conclusions of this

paper.
References

[1] P. A. Widjaja, R. Theo, and K. Liem,
“Penggunaan YOLOv4 Untuk Menentukan
Lokasi Dosen Dan Mahasiswa Dengan
Menggunakan CCTV,” Infinity, vol. 2, no. 1,
Oct. 2022, doi: 10.47178/infinity.v2i1.1643.

[2] P. A. Widjaja and J. R. Leonesta, “Determining
Mango Plant Types Using YOLOv4,”
Formosa Journal of Science and Technology,
vol. 1, no. 8, pp. 1143-1150, Dec. 2022, doi:
10.55927/fjst.v1i8.2155.

(3]

(4]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

P. A. Widjaja and J. R. Leonesta,
“Differentiate a Health and Sick of Mango
Leaves Using YOLOv4,” Formosa Journal of
Science and Technology, vol. 2, no. 7, pp.
1749-1758, Jul. 2023, doi:
10.55927/fjst.v2i7.4792.

I. Perlindungan and R. Risnawati, “Pengenalan
Tanaman cabai dengan Teknik Klasifikasi
Menggunakan Metode CNN,” in Prosiding
Seminar Nasional Mahasiswa Bidang IImu
Komputer dan Aplikasinya, 2020, pp. 15-22.

R. Pyjiati and N. Rochmawati, “Identifikasi
Citra Daun Tanaman Herbal Menggunakan
Metode Convolutional Neural Network
(CNN),” Journal of Informatics and Computer
Science (JINACS), vol. 3, no. 03, pp. 351-357,
Jan. 2022, doi: 10.26740/jinacs.v3n03.p351-
357.

F. Felix, S. Faisal, T. F. M. Butarbutar, and P.
Sirait, “Implementasi CNN dan SVM untuk
Identifikasi Penyakit Tomat via Daun,” Jurnal
SIFO Mikroskil, vol. 20, no. 2, pp. 117-134,
2019.

S. M. Hassan, A. K. Maji, M. Jasinski, Z.
Leonowicz, and E. Jasinska, “Identification of
Plant-Leaf Diseases Using CNN and Transfer-
Learning Approach,” Electronics (Basel), vol.
10, no. 12, p. 1388, Jun. 2021, doi:
10.3390/electronics10121388.

P. Deepalakshmi, K. Lavanya, P. N. Srinivasu,
and others, “Plant leaf disease detection using
CNN algorithm,” International Journal of
Information System Modeling and Design
(1JISMD), vol. 12, no. 1, pp. 1-21, 2021.

W. Fang, L. Wang, and P. Ren, “Tinier-YOLO:
A Real-Time Object Detection Method for
Constrained Environments,” IEEE Access, vol.
8, pp. 1935-1944, 2020, doi:
10.1109/ACCESS.2019.2961959.

M. P. Mathew and T. Y. Mahesh, “Leaf-based
disease detection in bell pepper plant using
YOLO v5,” Signal Image Video Process, vol.
16, no. 3, pp. 841-847, Apr. 2022, doi:
10.1007/s11760-021-02024-y.

A. Morbekar, A. Parihar, and R. Jadhav, “Crop
Disease Detection Using YOLO,” in 2020
International Conference for Emerging
Technology (INCET), IEEE, Jun. 2020, pp. 1-
5. doi: 10.1109/INCET49848.2020.9153986.

A. Bochkovskiy, C.-Y. Wang, and H.-Y. M.
Liao, “Yolov4: Optimal speed and accuracy of



[13]

[14]

[15]

[16]

[17]

object detection,” arXiv preprint
arXiv:2004.10934, 2020.

J. Redmon and A. Farhadi, “Yolov3: An
incremental improvement,” arXiv preprint
arXiv:1804.02767, 2018.

P. Jiang, D. Ergu, F. Liu, Y. Cai, and B. Ma,
“A Review of Yolo Algorithm Developments,”
Procedia Comput Sci, vol. 199, pp. 1066—
1073, 2022, doi: 10.1016/j.procs.2022.01.135.

J. Terven, D.-M. Cordova-Esparza, and J.-A.
Romero-Gonzalez, “A Comprehensive Review
of YOLO Architectures in Computer Vision:
From YOLOvl1l to YOLOv8 and YOLO-
NAS,” Mach Learn Knowl Extr, vol. 5, no. 4,
pp. 1680-1716, Nov. 2023, doi:
10.3390/make5040083.

C.-Y. Wang, A. Bochkovskiy, and H.-Y. M.
Liao, “YOLOV7: Trainable bag-of-freebies
sets new state-of-the-art for real-time object
detectors,” in Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern
Recognition, 2023, pp. 7464—7475.

M. J. A. Soeb et al., “Tea leaf disease detection
and identification based on YOLOv7 (YOLO-
T),” Sci Rep, vol. 13, no. 1, p. 6078, 2023.



