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ABSTRACT
The Internet of Things (IoT), as expected infrastructure for envisioned concept of Smart City, brings new possibilities for the city management. IoT
vision introduces promising and economical solutions for massive data collection and its analysis which can be applied in many domains and so make
them operating more efficiently. In this paper, we are discussing one of the most challenging issues municipal waste-collection within the Smart City.
To optimize the logistic procedure of waste collection, we use own genetic algorithm implementation. The presented solution provides calculation of
more efficient garbage-truck routes. As an output, we provide a set of simulations focused on mentioned area. All our algorithms are implemented
within the integrated simulation framework which is developed as an open source solution with respect to future modifications.
Keywords: Environment, waste management, environmental pollution, recycling, ecology, natural resources and ecosystems.

1. INTRODUCTION
The Smart City represents nowadays hot topic in terms of improving living conditions. Considering mainly the
situation in European Union, the EU national governments and also private companies are investing every year
significant amount of their budgets to research, development and implementation of the concept of Smart City.
Therefore, the term Smart City has many different ways how to define it. In current research, this term is considered
as question of How to improve a city on different levels?. Those levels could be related to different stakeholders
(i.e. government, authorities, private companies, citizens, etc.) and/or various fields (i.e. mobility, open data,
energy efficiency & low carbon solutions, policy & regulation, waste management). The data analysis is a common
base-ground for above mentioned issues of the Smart City concept. The Internet of Things (IoT) is currently
considered as a basic communication infrastructure for smart cities, where machines communicate automatically
between each other (Machine-to-Machine, M2M) [1]. The biggest advantage is the cooperation of many different
communication technologies and devices (machines) within one functional system, where big amount of
information and data are shared and used in a secure and smart way. With the Low-Power Wide Area Network
(LPWAN), see Fig. 1, IoT idea comes closer to the real implementation.

The LPWAN technologies bring low-cost (1$ yearly per spot) and low-power (50μW for connection hub / modem)
solutions for million-spot connectivity of various devices, Our work focuses on the optimization algorithms for
Smart City management and more specifically this paper deals with municipal waste collection procedure. We
consider existing IoT infrastructure and sensor networks, already deployed i.e. in France, where the communication
is based on Sig Fox technology [5]. It should be connected to the main infrastructure built in the city. That they can
provide the valuable information set for the waste management. In Fig. 2, we can see an example of such considered
scenario This network could use the LPWAN technologies such Sig Fox, LoRa WAN, Weightless, Link Labs,
Nwave or different technologies which create low-power and low-cost communication infrastructure [13].
Currently, the main issue regarding waste collection is that the garbage-trucks are operated ineffectively. The cities
contain different and various areas, where some bins need to be picked-up more often than others.
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When we consider installed bins as points without actual information (i.e. about the bin weight), we will lose time,
money and also the trucks, which could be used in different places. The sensor network and IoT infrastructure
represents a tool for extracting the information from the bins. Further, obtained data might be used for truck-road
calculation and optimization and also for analytical statistics of bin loading (i.e. if the bin will not be overloaded till
next collection).

Insufficient. efficiency in some more difficult cases of waste collection. The large amount of variables was the
reason for large computation time. The recent research works [22]–[24] use mostly the heuristic solutions and
methods dealing with the municipal waste collection as with a Travelling Salesman Problem (TSP). Dealing with
problem formulation, the effectiveness of optimization and computation is based on input parameters and specific
problem implementation.

Only few works tried to use evolutionary algorithm to deal with implementation and optimization of waste
collection problem as the TSP defines. These works, use Ant Colony algorithm. However, the genetic algorithm
was also proven as a very effective tool to deal with TSP of various implementations, but not in the specific
implementation of waste collection. We provide in this article experimental measurements focused on the usability
of genetic algorithm in the real implementation of the municipal waste collection problem.

Anaerobic Digestion
Anaerobic digestion occurs naturally, in the absence of oxygen, as bacteria break down organic materials and
produce biogas. The process reduces the amount of material and produces biogas, which can be used as an energy
source. This technology is commonly used throughout the United States to break down sewage sludge at
wastewater treatment facilities. In the past few years, there has been a movement to start adding food waste to
anaerobic digesters already in place at wastewater treatment.
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The anaerobic digestion of food waste has many benefits, including:
Climate Change Mitigation – Food waste in landfills generates methane, a potent greenhouse gas. Diverting food
waste from landfills to wastewater treatment facilities allows for the capture of the methane, which can be used as
an energy source. In addition to decreased methane emissions at landfills, there are greenhouse gas emissions
reductions due to the energy offsets provided by using an on-site, renewable source of energy.
Economic Benefits – Wastewater treatment facilities can expect to see cost savings from incorporating food waste
into anaerobic digesters. These include reduced energy costs due to production of on-site power and tipping fee for
accepting the food waste.
Diversion Opportunities – Most municipalities are investing in ways to divert materials from landfills. This is
usually due to reduced landfill space and/or recycling goals. Wastewater treatment facilities offer the opportunity to
divert large amounts of food waste, one of the largest waste streams still going to landfills.
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If needed, one-way road might be done with infinite value of the weight parameter. The weight is computed as a
sum of all parameters which impact the road (i.e. distance, traffic-density, road quality). The weight of road could
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be also used as a index of expenses for the road (longer road with high traffic-density will be more expensive than
shorter road with fluent traffic). The SVG file consists the basic parameters and attributes for graph creation (i.e. ID
of vertex - where it begins and ends, final number of vertices). The basic schematic of our algorithm is introduced.

Description of used genetic algorithm
Our implementation of genetic algorithm is divided into the following basic parts:
•

Representation and generation process for population.

•

Optimization process of selection, recombination (crossover) and mutation.

Main criteria for choosing best individual and best solution
The initial population is given by final number of nodes and first road. The first road is randomly generated. This is
also the input parameter for the fitness function. When we have the initial population, the main process of
optimization starts.
The selection goes first – we use the truncation selection. It retains the fittest x% of the population. These fittest
individuals are duplicated so the population size is maintained. This type of selection has then only one parameter τ,
τ ∈ (0,1), which gives τ ·N best individuals from the old population.

Next step is the crossover and mutation. The crossover is given by a maximum limit of crossing (which is also the
minimum value of mutation). From this value the ratio of crossing and mutation is also coming. The dynamical
value of crossing given by maximum crossing value is chosen because the same roads can occur in the new
population. The same individuals should not be crossed, but mutated to get better or new individual.

The mutated new individual pm is again defined by group of nodes (road) and road weight. The final end parameter
for the whole process of the optimization is given by minimum weight change of road over defined time (iterations).
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This means that if the new solution is not better in α iterations compared with old solution more than β %, the
program will end. This algorithm condition secures the against stacking in local maximum or minimum.

2. RESULT AND CONCLUSION
SIMULATION AND EXPERIMENTAL PRE-SETS
The simulations and our measurements were done on the machine with following configuration: processor Core
2 Duo E8200 on 2.66GHz, 4GB RAM on 800MHz and 64-bit system. The initial parameters, which are changing in
the course of the measurement method, are following: population size 5000, max. crossing 40%, selection 60%
(throwing 40%) and 80 vertices.

Population Size Impact: The size of population impacts the power requirement, time requirement of the algorithm,
but also influences the success rate of finding best solution. This chapter provides measurements analysis regarding
the best settings for the population as shown, improvement of road weight is more than 25%, but we need to
consider the time: iteration ratio, which exponentially decreases to zero. Around 50 population we achieve 12.5%
of road weight improvement and only 40% speed decreased. This means that we achieve 50% of possible
improvement with less than 50% speed decrease. This represents important output, because when the GA will be
implemented in the low-power devices, it is necessary to deal precisely with algorithm efficiency and time
demands. Smaller effective population (in our case 50 population) should be chosen for low-power solution and if
we have no-power-constraint implementation then the biggest possible

Population Throwing Impact: The throwing process is connected with selection. We select the best individuals
and throw the others for generating new individuals from mutation and crossing. The results of measured throwing
impact are provided in Tab. II.

The computation time is oscillating between 60 to 80 seconds. But the time: iteration ratio is decreasing. The
interdependency of population throwing, weight and time: iteration ratio is displayed in Fig. 7.

Further, we can see the. That till 40% is worth to throw the old population, because it has positive impact on the
road weight. More than 40% of throwing has negative impact on the road weight with also continuously growing
time requirements for one iteration.

Crossing and Mutation Ratio Impact: The crossing and mutation are the main methods for optimization in our
used genetic algorithm. The crossing creates bigger changes in the new population or individual and it has potential
to find better solution as it was found previously. The mutation is doing only small changes with exchanging two
nodes and it also helps to the algorithm not to stuck in local minimum or maximum. Then the crossover takes place
at the beginning of the optimization process and the mutation at its end. Mutation has also less power requirements
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and it is possible to handle more mutations in one time unit as crossovers. The main results of measurement of
crossover: Mutation ratio impacts are displayed in Table: 1 Weight with Time

Crossover

Weight

span

∅ Weight

∅ Time [ s ]

Iterations

0%

2820–3115

2960

44

1057

10 %

2580–3140

2840

46

574

20 %

2600–2945

2740

54

443

30 %

2560–3050

2750

63

411

40 %

2545–2960

2730

77

381

50 %

2470–3025

2720

92

418

60 %

2440–3020

2740

117

493

70 %

2510–3040

2750

124

425

80 %

2540–2955

2760

129

356

90 %

2665–2875

2770

122

306

100 %

2775–2970

2850

125

216

Costs saving in the Waste Collection
These measurements compare three different scenarios with 40, 60 and 80 nodes (vertices). With this model, we can
estimate the cost saving for one cycle of waste collection. The Tab. IV shows that the average improvement is about
15% (from 9.52% to 20.66%, if we look to the min., max. and average road weight). If we consider the existing IoT
infrastructure, the 15% costs saving is worthy and it is general cost saving for one travelled km by the garbage truck.
These resources might be invested i.e. to spread the garbage trucks into the bigger area or more often waste
collection.
.
Vertices

Weight span

∅ Weight

∅ Time [s]

Iterations

80

2480–2960

2640

63

672

60

2220–2530

2310

33

305

40

1960–2365

2050

24

162

The article introduced the upcoming IoT infrastructure for smart cities and putted it in the context of municipal
waste management. We provided the summary on municipal waste collection management methods and showed
the examples of solutions introduced by recent research in this area. Given overview showed that it is not yet
enough discussed the possibility of using genetic algorithms as a optimization method for waste collection. Our
solution is based on the idea of IoT infrastructure, which should provide enough information to handle this Smart
City issue more efficiently. The main part of the article provided experimental measurements and results, which
proved the power of GA and also the possible cost savings (in average 15%). The best parameters for the GA
settings were shown (40% throwing, 20% max. crossover, population based on power requirements), when the
low-power and power independent real implementations were also considered.

392 | P a g e

Online ISSN: 2456-883X

Impact Factor: 1.805

Website: www.ajast.net

Asian Journal of Applied Science and Technology (AJAST)
(Open Access Quarterly International Journal) Volume 2, Issue 2, Pages 387-394, April-June 2018

REFERENCES
[1] P. Masek, K. Zeman, Z. Kuder, J. Hosek, S. Andreev, R. Fujdiak, F. Kropfl, Wireless M-BUS: An Attractive
M2M Technology for 5G- Grade Home Automation, In EAI International Conference on Cyber physical systems,
iOt and sensors Networks (CYCLONE 2015). Rome, 2015.
[2] ReTHINK, Low power networks hold the key to IoT, Rethink Technology Research Ltd. 2015.
[3] J. Hosek, P. Masek, D. Kovac, M. Ries, F. Kropfl, Universal Smart Energy Communication Platform. In 2014
International Conference on Intelligent Green Building and Smart Grid (IGBSG). 1. Taipei, Taiwan: IEEE, 2014. p.
1-4. ISBN: 9781467361217.
[4] M.N.K. Boulos and N.M. Al-Shorbaji, On the Internet of Things, smart cities and the WHO Healthy Cities,
International Journal of Health Geographics. 2014.
[5] SIGFOX, Keys for scalable M2M/IoT networks, Tech. Slides presentation. 2014.
[6] A. Gallardo, M. Carlos, M. Peris and F.J. Colomer, Methodology to design a municipal solid waste
pre-collection system. A case study, Waste Management (0956-053X), Vol. 36, p. 1–11. 2015.
[7] M. Minoglou and D. Komilis, Optimizing the treatment and disposal of municipal solid wastes using
mathematical programming - A case study in a Greek region, Resources, Conservation and Recycling, Vol. 80, p.
46–57. 2013.
[8] E. C. Rada, Energy from municipal solid waste, In: 1st International Conference on Energy Production and
Management in the 21st Century: The Quest for Sustainable Energy. Ekateringburg, Russian Federation, 2014.
[9] K. Mahajan and J.S. Chitode, Waste Bin Monitoring System Using Integrated Technologies, International
Journal of Innovative Research in Science, Engineering and Technology (ISSN: 2319-8753), Vol. 3, Issue 7, p.
14953–14957. 2014.
[10] Y. Glouche and P. Couderc, A Smart Waste Management with Self-Describing objects, In: 2nd International
Conference on Smart Systems, Devices and Technologies (SMART13). Rome, Italy, 2013.
[11] FarSite, Bin Management System: Optimised bin monitoring and collection systems for smarter cities,
Datasheet v1.21. Ekateringburg, Russian Federation, 2014.
[12] N. Sharma, N. Singha and T. Dutta, Smart Bin Implementation for Smart Cities, International Journal of
Scientific & Engineering Research, Vol.6 Issue 9. 2015.
[13] Link-Labs, A Comprehensive look at Low Power, Wide Area Network, For Internet of Things Engineers and
Decision Makers. 2016.
[14] C. Chatzouridis and D. Komilis, A methodology to optimally site and design municipal solid waste transfer
stations using binary programming, Resources, Conservation and Recycling, Vol. 60, p. 89–98. 2012.
[15] R. Minciardi, M. Paolucci and M. Robba, Multi-objective optimization of solid waste flows: Environmentally
sustainable strategies for municipalities, Waste Management (0956-053X), Vol. 28, Issue 11, p. 2202–2212. 2008.
[16] M.F. Badran and S.M. Haggar, Optimization of municipal solid waste management in Port Said Egypt, Waste
Management (0956053X), Vol. 26, Issue 5, p. 534–545. 2005.
[17] Y. Li, F. James and R. Mei, Performance characteristics of the diffusion driven desalination process,
Desalination, Vol. 196, Issue 1–3, p. 188–209. 2006.

393 | P a g e

Online ISSN: 2456-883X

Impact Factor: 1.805

Website: www.ajast.net

Asian Journal of Applied Science and Technology (AJAST)
(Open Access Quarterly International Journal) Volume 2, Issue 2, Pages 387-394, April-June 2018

[18] M.A. Najm, M. El-Fadel, G. Ayoub, M. El-Taha and F. Al-Awar, An optimisation model for regional
integrated solid waste management I. Model formulation, Waste Management & Research, Vol. 20, Issue 1, p. 7–
45. 2002.
[19] S. Rathi, Optimization model for integrated municipal solid waste management in Mumbai, India,
Environment and Development Economics, Vol. 12, p. 105–121. 2007.
[20] E.O. Simonetto and D. Borenstein, A decision support system for the operational planning of solid waste
collection, Waste Management (0956-053X), Vol. 27, Issue 10, p. 1286–1297. 2006.
[21] X.Y. Wu, L. Liu and J.B. Rathi, An interval nonlinear program for the planning of waste management systems
with economies-of-scale effects A case study for the region of Hamilton, Ontario, Canada, European Journal of
Operational Research, Vol. 171, Issue 2, p. 349–372. 2006.
[22] S. Das and B. K. Bhattacharyya, Optimization of municipal solid waste collection and transportation routes,
Waste Management (0956-053X), Vol. 43, p. 9–18. 2015.
[23] W. Xue, K. Cao and W. Li, Municipal solid waste collection optimization in Singapore, Applied Geography,
Vol. 62, p. 182 – 190. 2015.
[24] S. Rathi, Optimization model for integrated municipal solid waste management in Mumbai, India,
Environment and Development Economics, Vol. 12, p. 105–121. 2007.
[25] M. Chipumuro, R. Mawonike and T. Makoni, Optimizing routing of residential solid waste collection: Case
study of Chikova residential area in Zimbabwe, International Research Journal of Mathematics, Engineering & IT
(ISSN: 2349-0322), Vol. 1, Issue 3, p. 23–40. 2014.

394 | P a g e

Online ISSN: 2456-883X

Impact Factor: 1.805

Website: www.ajast.net

