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Abstract 

     Rural residents have a low level of concern in disposing of waste. This 
research aimed to obtain an IoT-based method of placing smart waste bins in 
rural areas. This paper presents a clustering method from the position and 
distance of each household (LoRa node) to the IoT server point (LoRa gateway) 
for each available cluster in rural areas. First, determine the number of clusters. 
Secondly, take the geographic data of each household and measure the 
household's distance to the IoT server. Thirdly, determine the mean value of the 
distance of each cluster, and fourthly choosing a household for Smart waste bins 
placement with how to assess the similarity of the distance of the household’s 
point to the IoT server with the mean value of all the distances in the cluster. The 
closest similarity is obtained by squaring the value of the result of subtracting the 
mean by the distance from each household’s point to the IoT server, and 
choosing the smallest value available. To the best of our knowledge, this is the 
first study that obtained a method to determine the significance of placing smart 
waste bins based on IoT, especially for rural areas that use the LoRa network. 
This research has a Good enough cluster after calculating the DBI value. The 
obtained method has the prospect that can use it to place any object other than 
the waste bin, where the desired things are at their centroid.  

     Keywords: Waste management system, smart waste bins, clustering, LoRa Network, 
IoT, Rural Area. 

1      Introduction 

Rural residents are known from several studies to have low awareness of the surrounding 

environment, rural residents dump their waste on open dumping sites [1]. Waste disposal 
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facilities in rural areas are still minimal [2], and waste bins such as in rural areas in 

Indonesia have not been manage and appropriately placed. The placement of waste bins 

must evoke a sense of belonging, ease access, and fairness of distance for all households. 

IoT-based systems are used to help manage waste disposal [3] and to educate resident’s 

rural areas [4], the waste collection by optimizing the shortest path [5], [6], to control 

waste water treatment [7], [8]. Smart waste bin design and can interact human interaction 

via remote computer is realized through the mobile terminal[9]. The literature review that 

has been carried out shows that using IoT, it is possible to track the location of waste 

containers, monitor the level of landfilled waste, identify locations with the highest 

demand, suggest the shortest route for optimizing the waste collection, or even interact 

with residents to encourage disposal at the time of need times when containers bin receive 

waste, which promotes resident and avoids significant problems due to waste 

accumulation outside the waste collector [10]. The waste bins are not only used for 

monitoring but also for clustering their placement as the same a technical characteristics 

[11]. 

However, those studies  did not explore how to place the waste bins, even though [11] 

cluster the waste bin, they clustered after they placed, it is only clustering after the waste 

bins placing. Those studies consider of placing waste bins is only based on optimal 

routing and operational cost savings. 

This study aims to propose a method for placing the IoT-Based of waste bin on the cluster 

community of the residents in rural areas in Indonesia using LoRa Network. This method 

was obtained by determining the mean of the distance from every household to the server, 

and finally, choose the one that similar distance from the household to the server.  The 

main contribution of this paper is to develop a method of placing waste bins in a cluster 

area using a LoRa network of a group of residents in a rural area based on the position 

and distance of the nodes to the LoRa gateway. The method in this study can be used to 

determine anything as an object with it is distance and position. 

 

2      Literature Review 

In this section, author should provide the latest related work of the subject matter and 

critical analyze them. Substantial literatures are expected in this section to ensure the 

novelty of the proposed work. 

A. IoT-Based Waste Bin 

They were noticed in the empirical instance of the new waste-dumping system; the IoT 

waste bin is one aspect of technology, where the information on IoT waste bins can 

optimize waste collection services [12], [13].  IoT-based Waste bins are defined as waste 

bins combined with IoT technology used for monitoring or routing collection waste 

activity [14], [15], [16], [17], [3], waste bins that accept disposal and generate 

information via IoT infrastructure [10], another name is smart bins [4], [9]. 
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B. LoRa 

Communication technologies such as LoRa must integrate various items and provide 

particular services inside an IoT ecosystem [10], [18]. The LoRa network protocol is 

suited for low-power IoT applications in real-world urban environments [19], LoRa is a 

revolutionary Low Power Wide Area Network (LPWAN) technology [20]. Data transfer 

on the LoRa module shows the benefits of the proposed system, which is achieved using 

a simple, low-cost, easy-to-use, and replaceable circuit, show the layer of technology as 

shown in Fig.1 [5]. The LoRa MAC protocol connects the IoT nodes directly to the 

gateway, which transfers their data; the transmission communication module in an IoT 

gateway not only sends data to the server via the FireBase API/Host for ESP8266 but 

also to the user/application within 24 hours, the IoT gateway node must establish contact 

with all other nodes, the hardware requirements are minimal, as it only needs to host and 

transfer data for the server, as well as provide a communication interface with nodes [5]. 

 

Fig. 1. The implementation of the layer technology in LoRa [5] 

C. Waste management in rural area 

Waste that is not properly managed in rural areas of developing countries can cause 

significant environmental contamination [21]. Treatment of categorized rural home 

garbage is an important part of Indonesia's Rural Revitalization Strategy and addresses 

people's needs for a better living [22]. Rural areas perform poorly in terms of garbage 

management. Poor traffic congestion on major highways and landfills necessitates 

regional government agencies executing extremely broad policies (sanitary inspection, 

infrastructure development, and community participation), especially in rural areas [1]. 

D. Davies-Bouldin Index (DBI) 

DBI is used to assess the cluster, and the number and proximity of the cluster results data 

show whether the cluster is excellent or not [23], [24]. Cohesion is a measure of how 

close the data are to the cluster centers of the clusters that are being followed. DBI is one 

of the ways used to assess the validity of a cluster in a grouping approach. While the gap 

is determined by the separation between the cluster's center points. The following are the 

steps involved in computing the DBI [25], [26], [27]: 

1. Sum of Square Within-cluster (SSW). 
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𝑆𝑆𝑊𝑖 =
1

𝑚𝑖
∑ 𝑑(𝑥𝑗 − 𝑐𝑖)

𝑚𝑖

𝑗=𝑖

                                                                                              (1) 

2. Sum of Square Between-cluster (SSB). 

𝑆𝑆𝐵𝑖,𝑗 = 𝑑(𝑐𝑖, 𝑐𝑗)                                                                                                             (2) 

3. Ratio calculation (Ratio). 

𝑅𝑖,𝑗 =
𝑆𝑆𝑊𝑖 + 𝑆𝑆𝑊𝑗

𝑆𝑆𝐵𝑖,𝑗
                                                                                                       (3) 

4. DBI calculation. 

𝐷𝐵𝐼 =
1

𝑘
∑ 𝑚𝑎𝑥𝑖≠𝑘(𝑅𝑖,𝑗)                                                                                      (4)

𝑘

𝑖=𝑗
 

3     Methodology 

There are five steps for realization methodology in this research. The first is determine 

the number of the clusters on rural areas. The second is take geographic data of each 

household and measure the distance of the household to the IoT server. The third is 

determine the mean value of the distance of each clusters. The fourth is choosing a 

household for waste bin placement using the fairness distance algorithm. Finally, the fifth 

is developing smart waste bin for rural areas in Indonesia. 

A. Determine the Number of The Clusters 

The determination of the number of clusters in this study is by the local government's 

request. The local government in this study is called dusun. The dusun in this study has 

two sub-governments called Rukun Warga (RW). The hamlet in this study has two RWs, 

and each RW has a sub-government under it called the Rukun Tetangga (RT). According 

to a request from the local government, each RT is divided into two clusters in the 

placement of waste bins. So that in total, there are 14 clusters in this study, which means 

there are 14 waste bins. The 14 clusters as shown in Fig. 2. 

 

Fig. 2. The clusters on rural areas 

B. Take Geographic Data of Each Household and Measure The Distance of The 

Household to The IoT Server 
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Table 1 is a list of residents' houses as members of the 3rd cluster. Each house in the 

cluster has a geographic address in the form of latitude and longitude, as well as the 

distance from the resident's home address to the IoT (Distance to the server) server. In 

row one in Table 1 has a distance of 0.00 m; this shows the house with a distance of 0m 

to the server is the home address of the resident occupied by the server. The second row 

of data in Table one has a distance to the server of 43.39 meters. Residential houses with 

Latitude and Longitude are shown in the second row in Table 1, which are 43.39 m apart 

are shown in Fig. 3. 

Table 1: House hold address at cluster-3 

respondents Latitude Longitude 
Distance to 

The Server 

1 -6547426 107783637 0.00 

2 -6547311 107783430 43.39 

3 -6547569 107783647 16.04 

4 -6547408 107783756 15.30 

5 -6547444 107783607 24.13 

6 -6547689 107783187 51.70 

7 -6546967 107783337 57.82 

8 -6547124 107783267 48.87 

9 -6547089 107783187 59.42 

10 -6547184 107783002 72.43 

11 -6547838 107783027 69.44 

12 -6547203 107783115 57.78 

13 -6547275 107783083 56.45 

14 -6547184 107783013 73.29 

15 -6547235 107783614 19.12 

16 -6547187 107783544 29.15 

17 -6547725 107783560 30.82 

18 -6547736 107783370 41.09 

19 -6547971 107783233 84.86 

20 -6547165 107782927 80.66 

The yellow line as shown in Fig.3 is distance from household as server IoT to another 

household with the distance is 43.39 meters. 
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Fig. 3. Distancae from tehe IoT sercver to the on of  households on cluster-3 

Table 2 is a collection of data on the home addresses of residents who are in cluster-3. 

Fig. 4 corresponds to Table 2, which is an example of the distance between residents' 

houses as far as 243.98 meters, such as the data in the first row in Table 2. 

Table 2: House hold address at cluster-1 

House 

holds 
Latitude Longitude 

Distance 

to The 

Server 

1 -6547410 107783765 243.98 

2 -6548000 107785886 254.00 

3 -6547995 107785968 265.40 

4 -6548038 107786384 310.38 

5 -6548052 107786468 320.21 

6 -6548054 107786572 317.71 

7 -6548097 107786564 331.87 

8 -6548235 107786479 327.76 

9 -6548336 107786544 338.15 

10 -6548227 107786619 345.98 

11 -6548436 107786712 358.61 

12 -6548536 107786779 368,03 

13 -6548582 107786842 375.45 

14 -6548432 107786803 366.57 

15 -6548548 107786786 368.63 

16 -6548325 107786150 401.47 

17 -6548111 107786766 349.39 

18 -6548232 107786031 378.27 

19 -6548259 107786861 367.47 

 



 

 

 

 

        111                                                  Development Clustering Method for Placement…            

 
Fig. 4. Distancae from the first house hold to server on cluster-1 

C. Determine The Mean Value of The Distance of Each Cluster 

Table 3 is the result of calculating the average distance from residents' houses to the 

server from all residents' houses in each cluster. For example, the average distance of 

residents' houses in cluster 1, where the average distance to the server is 363.3, as assign 

the value of main score at [28]: 
 

𝑀𝑒𝑎𝑛 𝐷𝑆 𝐶𝑙𝑢𝑠𝑡𝑒𝑟 1 =
∑ 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑆𝑒𝑟𝑣𝑒𝑟𝑖

𝑛
𝑖=1

𝑛
                                                      (5) 

 

𝑀𝑒𝑎𝑛 𝐷𝑆 𝐶𝑙𝑢𝑠𝑡𝑒𝑟 1 =
233.93 + 254.4 + 265.4 + ⋯ + 367.47

19
= 336.28 𝑚𝑒𝑡𝑒𝑟𝑠 

 

Table. 3. Mean value for every cluster areas 

Clusters 

Mean Values from 

Distance to The 

Server 

1 336.28 

2 61.33 

3 46.58 

4 100.56 

5 178.73 

6 235.92 

7 66.25 

8 103.85 

9 156.07 

10 218.24 

11 62.50 

12 144.11 
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Clusters 

Mean Values from 

Distance to The 

Server 

13 245.62 

14 268.91 

D. Choosing a Household for Smart Waste Bin Placement 

In Fig. 2. The number of clusters is by local government requests. Each cluster has one 

waste bin that will be shared by all residents in one cluster. To ensure justice for all 

residents around the cluster, the placement of waste bins must be central. Waste bins are 

placed on the average distance of all residents' houses in the cluster. 

As in table IV, we can imagine there are ten coordinate points. Each coordinate point is 

mapped in the coordinate diagram in Fig. 5. We can analogize each coordinate point as 

a resident's house. Table IV can be analogized as ten addresses of house coordinates in 

one cluster. The coordinate center, which is point 0(0, 0), we make as the point of 

placement of the IoT server or LoRa gateway. Next, we have to calculate the average 

value of the distance to the IoT server from all the home addresses in the cluster in Table 

IV. 

The calculation of the distance from point 0(0, 0), the IoT server to other coordinate 

points in the cluster using the Pythagorean formula as shown in Formula 6. Formula 7 

calculates the average distance from all points to the IoT server in one cluster. Formula 

8 is used to select the most similar point to the average distance in a cluster, or the point 

with the shortest distance to the average distance value of the entire cluster. We call the 

similarity formula from the distance of the existing house to the server with the average 

distance of all houses to the server, which is in one cluster. 

Table. 4. References for decision point for place IoT-base waste bin 

point x y 
Distance to 

The Server 

Mean of 

distance on 

the clusters 

Similarity(

Mean-

distance)2 

1 3 4 5 7.19 4.79 

2 4 7 8.06 7.19 0.76 

3 5 5 7.07 7.19 0.01 

4 6 8 10 7.19 7.89 

5 7 4 8.06 7.19 0.76 

6 3 2 3.60 7.19 12.84 

7 4 5 6.40 7.19 0.61 

8 6 3 6.70 7.19 0.23 

9 5 6 7.81 7.19 0.38 

10 6 7 9.21 7.19 4.11 

as same as value of mean opinion score at [28], similarity of the cluster [29]: 

𝐷𝑆𝑖 = √(𝑥𝑖)
2 + (𝑦𝑖)

2
                                                                                                            (6) 

𝑀𝑒𝑎𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  ∑
𝐷𝑆𝑖

𝑛

𝑛
𝑖=1                                                                                              (7)                                                                                   
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𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(𝑀𝑒𝑎𝑛, 𝐷𝑆𝑖) = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚(𝑚𝑒𝑎𝑛 − 𝐷𝑆𝑖)2                                                (8) 

 

Fig. 5. Desmos coordinat aplications 

Fig. 5. using the Desmos application is the realization of the coordinates of Table IV. 

Each coordinate point in the Desmos application is given a different color. The Desmos 

application automatically assigns the dots that exist in different colors. Presenting the 

different colors does not mean anything, only distinguishing the coordinates in the image. 

The average distance to the server from all points in the cluster is 7.19. The shortest 

distance from the average length to the server in one cluster as Formula 4 is 0.01, which 

is the coordinate point on the 3rd row in Table IV, so the chosen point for placing the 

waste bin in the cluster is the coordinate point (5, 5). 

Table V has obtained the geographic points of all houses in cluster 14 in the form of 

latitude and longitude, obtained using the GPS Coord Camera Application. The distance 

to the server from each geographical point of the house is obtained by drawing a line 

from the point of the house to the server point, as shown in Table I. the column value of 

the average distance in the cluster is calculated using Formula 3. The values in the 

similarity column are obtained using Formula 4. The closest distance to the average value 

of the distance to the server in cluster 14 is obtained by residents' houses in row 5; the 

similarity value of residents' houses for the 5th row is the smallest is 0.82. Residents' 

houses on line 5, where the latitude value is -6546303, and the longitude value is 

107.786859, has a distance of 268 meters from the IoT server and is designated as a place 

for placement waste bins in cluster 14. 

Table. 5. House hold address at cluster-14 

respond

ents 
Latitude Longitude 

Distance to 

The Server 
Mean 

Similarity 

(Mean-

distance)2 

1 -6.546575 107.786076 276 268.91 50.26 
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respond

ents 
Latitude Longitude 

Distance to 

The Server 
Mean 

Similarity 

(Mean-

distance)2 

2 -6.546508 107.786107 281 268.91 146.16 

3 -6.546484 107.786045 281 268.91 146.16 

4 -6.546431 107.786002 275 268.91 37.08 

5 -6546303 107.786859 268 268.91 0.82 

6 -6.546898 107.785118 257 268.91 141.84 

7 -6.546748 107.786002 261 268.91 62.58 

8 -6.546575 107.786076 276 268.91 50.26 

9 -6.546278 107.785875 268 268.91 0.82 

10 -6.546369 107.785849 272 268.91 9.54 

11 -6.546191 107.785773 267 268.91 3.64 

12 -6.546362 107.78524 245 268.91 571.48 

The implementation of choosing the address of a resident's home for the placement of 

waste bins in the Google Earth application is shown in Fig. 6. The selected point in cluster 

14 is drawn a line to the IoT server. Residents' houses on line 5, where the latitude value 

is -6546303, and the longitude value is 107.786859, has a distance of 268 meters from 

the IoT server.  Latitude value is -6547426, the longitude value is 107783637 for IoT 

server. 

 

Fig. 6. Implementation for waste bin placement on Google Earth application 

Table VI is the result of calculating the similarity value for all clusters. Table VI shows 

all the closest values for the distance of a resident's house to the IoT server through the 

smallest similarity value for Cluster 1 (CS-1) to CS-14. So IoT-based waste bins will be 

placed on all selected home addresses in the cluster as Table VI. Each waste bin becomes 

a LoRa node that will connect to the server via the LoRa gateway at the server position. 
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Table. 6. House hold address selected client-server 

Clusters Latitude Longitude 

Distance 

to The 

Server 

Mean of 

The 

Clusters 

Similarity 

(Mean-

distance)2 

CS-1 -6548336 107786544 338.15 336.28 0003.49 

CS-2 -6547732 107784019 57.03 61.33 0018.49 

CS-3 -6547124 107783267 48.87 46.58 0005.24 

CS-4 -6547124 107782767 101.27 100.56 0000.50 

CS-5 -6548661 107782469 186.78 178.73 0064.80 

CS-6 -6548755 -107782219 237.77 235.92 0003.42 

CS-7 
-

6.546604 
107.783419 69 

66.25 7.56 

CS-8 
-

6.546695 
107.784111 100.41 

103.85 11.83 

CS-9 
-

6.546737 
107.785076 158.35 

156.07 5.19 

CS-10 
-

6.546314 
107.785335 219.06 

218.24 0.67 

CS-11 -6546952 107784093 63 62.5 0.25 

CS-12 -6546445 107784544 146 144.11 3.57 

CS-13 
-

6.546362 
107.78524 245 

245.62 0.38 

CS-14 
-

6.546303 
107.786859 268 

268.91 0.82 

E. Developing Smart Waste Bin 

Schematically, the IoT system for intelligent waste bins based on the LoRa network 

consists of waste bins, Master units to sort organic and inorganic waste beside the control 

LoRa node, Slave units to monitor volume, gas, and weight of waste, LoRa Node on the 

client side, a LoRa gateway on the server side, Server and internet network, social media 

in this system using telegram, as shown in Fig.7.  

Waste bin

For organic

Waste bin

For in organic

Slave (Organic sensors)unit Slave (In Organic Sensors)unit

Master (Proximity, RFID) unit

LoRa Node

LoRa Gateway Server

Internet

Social Media

Users

 
Fig. 7. Diagram schematic system 
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Monitoring is carried out on the waste's volume, weight and gas content. The volume of 

waste is obtained from the ultrasonic sensor, the weight of the waste is obtained from the 

load cell, and the gas content in the waste is obtained from the MQ-4 sensor, as shown 

in Fig. 8. LoRa gateway on the server side connect to Arduino nano ATmega 328. LoRa 

Node connect to Arduino Promini. Internet network, or it could be WAN network to 

facilitate monitoring results information to users. 

Internet

A

B C

D

F
G

Note:

A= Waste Bins

B= Slave for Organic Unit

C= Slave for In Organic Unit

D= Master Unit

E= Lora Node

F= LoRa Gateway

G= Server

E

 
Fig. 8. Electronic components on system 

As shown in Fig. 9, LoRa-based smart waste bin. The front view includes an Arduino 

microcontroller, has been set as master, to act as a LoRa node and an antenna for 

communication to the LoRa Gateway. The waste bin is equipped with two sensors to 

carry out the waste sorting process; the first sensor can recognize organic waste, the 

second sensor can identify inorganic waste. A more detailed explanation will be 

discussed in a separate session. 
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Fig. 9. The front side of the smart waste bin 

Fig. 10 is a back view of a LoRa-based waste bin. Two Arduinos have been set as slaves. 

The main function of the Arduino microcontroller is to process the action of opening and 

closing the waste bin and monitoring the garbage in the waste bin by using related 

sensors. More detailed explanation will be given in another session. 

 
Fig. 10. The Back side of the smart waste bin 

Fig. 11 is the LoRa Gateway and the antenna connecting all the LoRa nodes of the 14 

existing clusters. LoRa gateway can be connected to a web server using a USB connector. 

Next, the system can be connected to the IoT platform, a cloud application via the 

internet. 
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Fig. 11. The gateway of the LoRa 

An analogy to prove the placement of waste bins in one cluster is shown in Fig. 5. The 

selection of the point of placing the waste bins at the coordinate point obtained 

satisfactory results. The waste bins has been placed in the point (5, 5). The point is 

visually proportional in the middle of all the existing coordinate points. Determination of 

clusters, determining the coordinates of Residents' houses, calculating the average 

distance of Residents' homes to the IoT server (LoRa gateway), choosing waste bins 

based on the similarity of the distance between residents' houses and the average value 

in one cluster as shown in the case in cluster 14, which is shown in Fig. 6, by caste the 

eye also occupies a proportionately central to the houses of other residents. 

In this study, we considered the suitability of the number of members in the cluster with 

the capacity of the waste bins. The waste bins in this study have a capacity of 120 kg; 

there are two waste bins with 60 kg each for organic and inorganic waste, with an 

estimated 5 kg of waste per household. 

In this study, LoRa network communication media is used. With LoRa guarantees the 

use of energy-efficient power sources, can use batteries for up to 10 years. The range of 

the LoRa type E32 used in this study ensures a range of 8 km. The author ensures that all 

waste bins reach the communication network to the IoT Server. The focus of placing 

waste bins is only on affordability fairly, using the average distance of each house to the 

IoT server.  

In contrast to [3], [4], [6], [9], [11] not yet using LoRa, still using wifi, only [5] already 

using LoRa, without any waste sorting device, not discussing the placement of the waste 

bin. In fact, with the various parameters required, it is very important to consider the 

placement of waste to optimize collecting and disposing of waste. In this study using 

Lora, there is a waste sorting facility. There is an facility to identify each resident in the 

cluster, perform cluster formation according to user needs, and use the method of placing 

waste bins. 
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The method of placing waste bin based on clusters requested by the local government, 

placement of waste bins based on the calculation of the similarity of places with the 

average distance of all residents' houses in the cluster (shortest distance), especially in 

rural areas, allows improving the quality of better waste disposal practices. The selection 

of a place that has similarities to the average distance of all cluster members in a cluster 

can be applied in the placement of various objects that need to be central to all other 

cluster members. These objects include speakers, wifi for internet access, cameras that 

reach 360 degrees, and others. 

Table 7. is the result of calculating the SSW value from the 14 existing clusters. The SSW 

value becomes a reference in determining the SSB value, ratio value, and DBI value. The 

SSB value is 9665.776, the ratio value is 0.033652, the DBI value is 0.033653. The DBI 

value obtained is minimal. This shows the excellent quality of the existing clusters. 

Table. 7. SSW values of the clusters 

Clusters SSW 

CS-1 33.572 

CS-2 19.112 

CS-3 20.025 

CS-4 18.572 

CS-5 48.772 

CS-6 15.101 

CS-7 20.458 

CS-8 28.892 

CS-9 27.277 

CS-10 13.553 

CS-11 23.833 

CS-12 23.456 

CS-13 24.739 

CS-14 7.917 

4      Conclusion and Future Work 

This study aimed to propose a method for placing the IoT-Based of waste bin on the 

cluster of the residents in rural areas in Indonesia using LoRa Network. In this study, we 

have discussed and proved the method of placing waste bins that uses LoRa network 

media in rural areas. The method has five steps. The first is determine the number of the 

clusters on rural areas. The second is take geographic data of each resident’s house and 

measure the distance of the household to the IoT server. The third is determine the mean 

value of the distance of each clusters. Fourth, choosing the point for placing the waste 

bin by selecting a resident's house with the same distance as the mean of all residents' 

houses to the IoT server in the cluster. We have good enough cluster after calculated DBI 

value for evaluation clusters. All electronic devices are low-power, requiring voltage 

support starting from 5 volts DC. Especially the use of LoRa network technology was 

chosen as the latest technology that can last decades from a low-power battery. In this 

study, IoT-based smart waste bins using LoRa Network technology have been able to 

sort organic and inorganic waste and monitor the volume, gas content, and weight of 
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waste in waste bins. The following work in the placement of waste bins is an algorithm 

for placing waste bins adaptively to various parameters in the location and related to 

waste disposal practices in rural areas. 
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