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Abstract— Indonesia is one of the largest countries in Asia 

with a very dense population. According to data from The 

World Bank, human population indicators in Indonesia in 2019 

increased by 270 milion people. This shows that population 

density in Indonesia is related to world problems related to 

waste generated from households. The household sector 

contributes as the top waste producer in Indonesia. Landfilling 

that occurs without any waste sorting, results in waste being 

more difficult to decompose and difficult to recycle. Therefore, 

to overcome this problem, it is necessary to increase public 

awareness about waste sorting and processing. We propose to 

create a device that can help sort organic and non-organic waste 

with Computer Vision-based Artificial Intelligence technology 

using the Eigenface method and the Internet of Things. 

Eigenface is a method that has a working principle by using 

XML files in performing face recognition. The result of testing 

in this system can run well, where the system detects organic 

objects the door of the chopping machine can open and if it 

detects nonorganic, the machine door is closed. The accuracy 

result for organics is 70% and for inorganic 75%. This is due to 

the lack of variation in the dataset and changes in the physical 

condition of the object. 

Keywords— Microcontroller; Computer Vision; Eigenface 

I. INTRODUCTION (HEADING 1) 

Indonesia is one of the most populous countries in the 
world. Population density is one of the factors that can cause 
problems in Indonesia. Indonesia's population density is 
related to global issues related to household waste. The 
household sector contributes as the largest waste producer in 
Indonesia. However, the public awareness in solving the 
problem is low. For solving this problem, we can do a waste 
separation. Accumulation of waste generated without waste 
separation makes it difficult to decompose and recycle waste. 
Moreover, it can cause air pollution. 

Therefore, in order to overcome these problems, it is 
necessary to raise public awareness of waste separation and 
disposal. We propose the production of equipment that is 
useful for separating organic waste and non-norganic waste by 
using artificial intelligence technology based on computer 
vision using the eigenface method and the Internet of Things. 
Eigenface is a method that has the working principle of 
performing face recognition using an XML file. This study 
uses a Raspberry Pi camera to detect objects. The monitoring 
data is read by the Raspberry Pi, which acts as a single board 
computer and records the detected objects in real time. The 

Raspberry Pi then retrieves the image data stored in 
thedatabase and uses the eigenface image processing method 
to match the object's similarity [1]. 

Previous studies [2] used the Eigenface method to detect 
facial recognition. The facial recognition process was used to 
identify hacking visuals. Studies had found that when there 
was intruder movement on a computer monitor, the results 
locked the monitor screen. Previous studies [3] used computer 
vision techniques that used the method of combining the 
saturation values of video traffic. The proposed system was 
designed to automatically calculate how many vehicles were 
needed to overcome congestion. Previous studies [4] used 
computer vision techniques to detect the human in CCTV. The 
YOLOv3 algorithm was a technique used to prevent data from 
being reused. The accuracy was 91.07%  with the normal 
YOLOv3 model. Previous research designed a plastic 
shredding machine [5]. The result is that the engine design is 
quite good because it is easy to use, plastic feed can be 
chopped well with a machine enumeration capacity of 0.46 kg 
per hour. 

In this study, we analyze objects using the Eigenface 
method, and the objects themselves are classified as either 
non-organic or organic. We are using a Raspberry Pi and a 
NOIR camera that will connect to a chopper machine. The 
device is capable of detecting and classifying the type of 
object that is being thrown into the camera, then the system 
will identify and classify them. When the system has 
successfully identified and classified an object seen by the 
camera, it will tive the servo motor in chopper machine when 
an organic sample is found. The shopper machine will 
continuously chop the garbage. 

II. METHODOLOGY 

In this study, we designed garbage detection using a NOIR 
camera and a Raspberry Pi. The tool is then placed on the 
chopping machine created earlier, as shown in Fig.1. The 
diagram block of this research is described as shown in Fig.2 
First, we collect datasets from multiple photographs for the 
categories of organic and inorganic waste. Data sets help you 
train your program to recognize data and recognize specific 
objects. The dataset used is a collection of photos for each 
object. Then use the Eigenface method to perform the training 
process. Then analyze based on the accuracy score and draw 
conclusions. Python is used as the programming language. 
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The expected result is the classification of organic and 
inorganic waste types. 

TABLE I.  DATASET SAMPLING 

No Picture Note 

1 

 

organic 

2 

 

Organic 

3 

 

Organic 

4 

 

Non-
norganic 

5 

 

Non-
norganic 

During the research phase, we will collect a dataset of 50 

photos for one photo type to enable the program to recognize 

objects with high accuracy when viewed from the camera. An 

example record table is shown in Table I. In this research, the 

process of image recognition takes several steps as shown in 

Fig.3. First, the camre will capture the object then we 

normalize the image. The normalization process is converting 

the RGB image format to grayscale then grayscale format 

convert to matrix. After that, we calculate using eigenface 

then matching the input eigenface value with the eigenface in 

the database, if it doesn't match it will returns to the photo 

process from the camera. Whereas if it matches, it will look 

for eigenvalues that are close to database.  

 

 

Fig.1. The modul embed with chopping machine 

 

 
 

Fig. 2. Diagram Block  

 

 
 

Fig. 3. Flowchart Eigenface  

we use the obtained data to carry out the tests performed 

andaa we use the obtained data to carry out the tests 

performed and train the program on different data. Then the 

program can give the result of what type of object is seen by 

the camera according to Fig.4 [6]. Next we try to combine the 

Raspberry Pi module into the chopper as in Fig.5. 

 

 

 

 

 

 

 

 

 

 

 
Fig.4. Traning Dataset 
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Fig.5. Embed the raspberry Pi into chopper machine 

A. Eigenface Method 

The experiment recognizes a new photo image (Γnew), 

first applying the Eigenface calculation (μ) to get the 

eigenvalue of the image as in equation (1)[7]. 

 

μ
new

= ν x (Γnew- Ψ), Ω=[μ
1

, μ
2

, ..., μ
M

)                   (1) 

 

Where the new Eigenface (μnew) is generated from the 

eigenvector (ν) times the result of the middle value (ψ) of the 

new image (Γnew). And omega (Ω) is a set of Eigenface 

matrix (μ). Then by using the Euclidean distance method to 

find the shortest distance between the eigenvalues of the 

training data and the eigenvalues of the new face image as in 

equation (2.2). 

εκ =||Ω-Ωκ ||...........................  (2) 

Where the shortest distance using Euclidean distance is 

obtained by means of the range of Eigenface training image 

values (μ) reduced by the Eigenface test image values 

(μnew). 

The first step in the eigenface calculation is compiling a 

Flatvector Image Matrix by compiling a set of S matrix 

consisting of all training images (Γ 1, Γ 2, … Γ 𝑚). 
Examples of calculations in the first stage are shown in Fig.6 

and Fig.7. 

Then we calculate the middle value by adding up the 

matrix values of image 1 and image 2 and then we divide by 

the number of image data in the database according to 

equation (2.3). In this study, the number of image data in the 

database there are 2 image data. After obtaining the value of 

, we look for the difference (𝜙) between the training image 

(𝛤) and the mean value (Ψ) according to equation (2.4). 

 

 
 

Fig.6. First Citra 

 

Fig.7. Second Citra 

 

Ψ = 
1

2
 ∑ Γ𝑛 =

1

2
 

[
 
 
 
 
      [

2 0 1
1 2 0
0 2 4

] +

[
1 1 1
0 1 0
1 2 2

]
]
 
 
 
 
 

2

𝑛=1

 

Ψ = [
1 0 1
0 1 0
0 2 3

]          (3) 

 

 

𝜙1 = Γ1 − Ψ = [
2 0 1
1 2 0
0 2 4

] − [
1 0 1
0 1 0
0 2 3

] 

𝜙1 = [
1 0 0
1 1 0
0 0 1

] 

 

𝜙2 = Γ2 −  Ψ = [
1 1 1
0 1 0
1 2 2

] − [
1 0 1
0 1 0
0 2 3

] 

𝜙2 = [
0 1 0
0 0 0
1 0 1

]           (4) 

 

Then we calculate the covariance matrix values. The 

covariance matrix is used to calculate the eigenvalue (𝜆) and 

eigenvector (𝜈) according to equation (2.5). Next we look for 

the values of and according to equation (2.6). 

  𝐿 =  

[
 
 
 
 
 

[
1 0 0
1 1 0
0 0 1

0 1 0
0 0 0
1 0 1

]  𝑥 

[
 
 
 
 
 
1 1 0
0 1 0
0 0 1
0 0 1
1 0 0
0 0 1]

 
 
 
 
 

]
 
 
 
 
 

 

𝐿 =  [
2 1 0
1 2 0
0 0 3

]          (5) 

 

  𝐿 𝑥 𝑣 =  𝜆 𝑥 𝑣,   

 

 𝐿 𝑥 𝑣 =  𝜆𝑙 𝑥 𝑣  

   
(𝐿 −  𝜆𝑙) = 0 𝑎𝑡𝑎𝑢 (𝜆𝑙 − 𝐿) = 0         (6) 

0 = 𝑑𝑒𝑡 [
𝜆 − 2 −1 0
−1 𝜆 − 2 0
0 0 𝜆 − 3

] 

 

So the resulting eigenface is 𝜆 1= 3, 𝜆 2= 1, 𝜆 3= 3.. The 

eigenvector (𝜈) is generated by substituting the eigenvalue (𝜆) 

into the equation 𝐿 = 0. The eigenvector of each eigenvalue 

is obtained based on each column of eigenvalues and then 

reassembled into one matrix. The next process is the 

identification process. In this process the image will be 

matched with the existing image in the database to find out 
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which image matches the newly entered image with the 

image in the database. To recognize a new face that is entered 

(test face), the steps taken are the same as the image data in 

the database, to get the eigenface value of the new face. First 

find the difference (𝛷) between the test face and the mean 

(𝛹). The test face matrix value of these coordinates is shown 

in Fig.8. 

 

 
Fig.8. Testface 

 
In the calculation results, the eigenface distance of the face 

image one has the smallest distance. Because the eigenface 
distance of face one with the testface is the smallest, the 
identification results conclude that the testface is more similar 
to face one than face two. 

III. RESULT AND DISCUSSION 

Figure 9 shows the source code for implementing the 
eigenface method at the dataset reading stage. At this stage, 
the camera will save images of both organic and inorganic 
waste, then the data will be processed to determine whether it 
is in the organic or inorganic category. Fig.10 shows the 
source code for implementing the eigenface method. In this 
stage, output  will display whether the stored image is organic 
or inorganic. 

In the first test, we tried to create a 1:1 dataset labeled 1a, 
where this initial training used 1 photo sample dataset from 
organic and inorganic waste labels. Both of them used a 
sample of 100 photos. Table II is an example of a confusion 
matrix resulting from training data. Based on the table above, 
the predicted test data is 50 photo samples. In the first test, an 
accuracy of 40% was obtained for inorganic by 46%. The 
second test uses a dataset labeled 1b, in this second experiment 
using a dataset with 1:10, where the organic and inorganic 
labels with 100 photos and the Unknown label with 1000 
photos. Table III below is the confusion matrix of the training 
data results. Based on the table above, the predicted test data 
is 662. In this second test, the accuracy is 75% for organic and 
70% for inorganic. 

 

Fig.9. Image capture source code 

 

Fig.10. Source code displays image detection results 

TABLE II.  DATA TESTING USING LABEL 1A 

TABLE III.  DATA TESTING USING LABEL 1B 

IV. CONCLUSION 

Based on the experiment, it can be concluded that the 
Eigenface method can work well, where the accuracy for 
organic garbage is 70% and for unorganic garbage is 75%. 
This is due to the lack of variation in the dataset and a change 
in the physical condition of the object. On the counting 
machine, when the object detected is organic or inorganic 
waste, the door of the enumerator is open. 
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