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1. Introduction
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Source : The Korea Herald (2021) Apartment dump (2022)Source : Maeil Business (2022)

Increasing & Overflowing waste

Smart bin & Waste management
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Source : Superbin (2020)Source : RFID food bin (2010) Source : Big Belly (2016)
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RQ1 : Advantages of using a smart bin

RQ2 : Why are clusters needed for 

waste collection?

RQ3 : Why suggest a heuristic?

• Tackle uncertainty of fill level

• Penalty for overflowing bin

• Total cost

• Waste collection rate

• Efficient and fast solution
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2. Mathematical model
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Bin : Identical with the same capacity Vehicle : Homogeneous with the same capacity Waste : Single type
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• TFL : Threshold fill level (e.g. 80%)

(4) Every bin in each cluster will be visited by the same vehicle.

(5) If the fill level reaches the TFL, then an alert message is transmitted to the cleaning authority so that the waste can be collected.

(6) All the empty vehicles start from a depot and visit the filled bins (above TFL) and their neighboring bins in each cluster.

(7) All filled bins must be visited.

(8) After visiting the filled bins and neighboring bins, the vehicle will return to the depot to unload waste.

(9) During routing, a vehicle can receive fill level information within a neighboring bound from its current location.
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üClustering part

→ Generate clusters : K-means algorithm

→ Decide the number of clusters : Elbow method

üRouting part

→ Use ant colony optimization

→ Minimize Routing cost + Penalty cost
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ü Indices and sets
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ü Indices and sets
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: Filled bin (≥ TFL)

: Neighboring bound

𝑇!

: Cluster bound

𝐵!
: Bin
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ü IoT sensor

- Short range : Bluetooth, NFC, RFID, Wi-Fi (10~20m)

- Medium range : LTE, 5G

Cleaning authority

Kim, J. S. (2015). The introduction of IoT (Internet of Things) technologies and Policy Directions. Review of Korea Contents Association, 13(1), 18-24.
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ü Must-go bins : Fill level ≥ TFL

ü Might-go bins : Fill level < TFL

ü Must-go bins include not only above TFL but also

expected to above TFL based on accumulation rate

ü Time period

- Discrete : t starts from 1

- Check fill level at the beginning of each time period (once in a day)
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ü Fill level estimation
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Waters, D. (2008). Inventory control and management. John Wiley & Sons.
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ü Example
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Bin
Expected waste 
accumulation 

(%/day)

Day 1 !𝑊!" Estimated fill level (%)

Waste fill 
level, 𝑊!"

Day 2 Day 3 Day 4 Day 5

Before 
collection

After 
collection

Before 
collection

After 
collection

Before 
collection

After 
collection

Before 
collection

After 
collection

1 40 20 60 100 140 180

2 20 80 100 20 120 40 140 60 160 80

3 30 40 70 100 130 160

4 10 70 80 10 90 20 100 30 110 40

5 5 55 60 65 70 75

TFL : 70% First collection day : Day 1 with Bin 1,2,3,4
Following estimated collection day : Day 5

20

30

60
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ü Variables
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ü Parameters
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ü Constraints

ü Objective function
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ü Constraints
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3. K-means-Ant Colony Optimization
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1. Representation :

2. Pheromone initialization :

3. Path construction :

4. Pheromone evaporation :

5. Pheromone updating :

➨ See Appendix A.

Filled bins Neighboring binsDepot
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4. Computational experiments 
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1. Dataset : 16 Nodes (Gwanak-gu, Seoul)

- 1 Depot, 15 Bins

2. 4 Clusters by k-means algorithm + Elbow method

3. Parameter setting

- TFL : 80, # of vehicles : 2, L : 700, R : 25

- A week, fill level estimation*

4. Exact method

25

*김채현, 양라영, 이주현, 장희진, 하수빈, & 김웅섭. (2020). 최적의 생활 폐기물 수거 경로
탐색과 지역별 폐기물 예측에 대한 연구. 한국정보처리학회 학술대회논문집, 27(2), 216-219.
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Hospital, School, 
Sports complex, 
Apartment..

Google Maps

Depot
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Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Must go 
bins All bins ∅ All bins ∅ 9 bins ∅ 4 bins

Collection 
rate (%) 100 0 100 0 88.34 0 53.41

Routing 
cost 247.19 0 247.19 0 219.394 0 148.836

Penalty 
cost 0 0 0 0 10.4 0 34.8

ü Exact method (Python-Cplex)
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1. Dataset : 52 Nodes (TSPLIB*)

- 1 Depot, 51 Bins

2. 5 Clusters by k-means algorithm + Elbow method

3. Parameter setting

- TFL : 70, # of vehicles : 5, L : 250, R : 20

- A week, fill level estimation

4. Heuristic (k-means-ACO)

28

*http://comopt.ifi.uni-heidelberg.de/software/TSPLIB95/
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➨ See Appendix B. 29
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5. Conclusions
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ü Contributions

- Reduce the complexity of the VRP by clustering

- Suggest k-means-ACO for fast and efficient waste collection

- Suggest a set concept for each bin to tackle the uncertainty of a smart bin

ü Future study

- Consider several types of waste

- Multiple compartments in a vehicle for waste collection

31
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