
2024 77(4 )

42

AIWLO-WMO Model Based an Artificial Intelligence to Smart Waste 

Management for Smart Cities Environment 

Fatma Dafallah Mohamed Alhasan1, Nirmla Sharma2 *, Olfa Ben Said3, Ashwaq Aldhawi4, Sayed Abdel-Khalek5 

1,2,3,4, Computer Science, King Khalid University Abha, Saudi Arabia 

5, Department of Mathematics and Statistics, College of Science, Taif University Saudi Arabia 

5, Department of Mathematics and Faculty of Science, Sohag University Egypt 

Email- falhasan@kku.edu.sa, *Correspondence: nprasad@kku.edu.sa, omessai@kku.edu.sa, asaldhawi@kku.edu.sa, 

sayedquantum@yahoo.co.uk 

 

Abstract- Smart waste management is one of the world's massive challenges, either in the advanced or started 

economies. Regularly, the technologies of artificial intelligence obtained recognition in presenting different 

computer techniques to solving smart waste challenge. The smart waste management of specified problems, events 

and doubts and partial statistics were capable for AI. Although this task did operate lots of findings, very few 

assessments proved the impact of AI to determine numerous difficulties of intelligent organization of waste. 

Perfect assessment of waste amount and condition is explained to Smart waste management technique 

development and model. 

Currently, heavy quantity of waste resources has become substantial enhanced with increasing population. 

Appropriate management of waste resources becomes necessary to decrease environmental degradation and 

recover value of life in smart cities. Smart Waste management supports to gather and heal waste resources from 

society.  Suitable arrangement of waste objects needs the model of automated waste category models based on 

artificial intelligence and image processing-based methods. The aim of this paper, an automated artificial 

intelligence with world larva optimization supports waste management and organization (AIWLO-WMO) model 

is proposed for smart cities environment. The proposed model mainly develops a RetinaNet built object finding 

segment to recognize the presence of smart waste objects in the views. To better the category operation, Adagrad 

optimizer has used. To confirming the invented outcome of the AIWLO-WMO method, complete testing is 

performed on normal dataset and the found rates implied the authority of AIWLO-WMO model throughout other 

methods with expanded accuracy of 99.62%. 
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1. Introduction 

At present, a large fraction of the smart wastes produced in smart cities environment can be recycled. So, we are 

interduce artificial intelligence technology-based model. If the gathering of unnecessary resources/waste is 

prompt, it increases a resident’s approval. Our AIEWO-WMC model compact techniques have applied by the 

collection society’s workers for gathering of smart wastes. But smart waste gathering operation is reasonable, 

residents organize it through the information of city [1].  

 

The population have enhanced new learned, they want to require an artificial intelligence technology-based model 

for smart citied environment development [2,3]. Individual artificial intelligent interaction methods are 

performing regularly in the smart waste management energy of society as a system of additional artificial 

intellectual methods are used our proposed model methods as artificial intelligence in smart waste management 

model, parameter optimization using WMO Procedure and smart waste item recognition using RetinaNet [4,5]. 

This search increases a modern Artificial Intelligent World Larva Optimisation-Waste Management Organization 

Model controlled with AI supported RetinaNet recognition for smart cities environment. The described Artificial 

Intelligent World Larva Optimization-Waste Management Organization model system plans to classify unusual 

types of reactions that happen in the API applications [6,7]. To perform consequently, the presented AIWLO-

WMO method works the RetinaNet model to remove component directions and the hyperparameter modification 

procedure is operated via the WMO process. The model of automatic hyperparameter modification by the WMO 

process improves in managing a developed sensation recognition method and appearances the originality of the 

control [8,9]. 

While smart cities achieved substantial expenditures for supervising smart waste publicly sets, smart cities waste 

management performances effect on adjusted implementation [10]. The AI technology sudden explosion in 
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development, global population rate, and industrial development have obtained believed, linked to environment 

distortion. Through the international population initial at a concerning ratio, there has been hideous fraud of the 

situations, generating round shocking occurrences. 

The smart waste management structure generally confirms the elimination and management of several types of 

smart waste. Here, it protects ones, organisms, and ecological features [11]. Appropriate smart waste management 

approaches can decide anyway significantly money, which will rapid appropriate atmosphere condition and fewer 

environmental pollution. Altogether, the advanced areas are observing and conducting ready a scarce positive 

approach for actual smart waste management and intelligent of huge significant results [12]. It will be complicated 

to supervise such a massive determine of smart waste in the supplied ten years below the present condition. 

Productive smart waste separation will sustain the matching recycling and elimination of this smart waste equally 

specified by its biodegradability [13]. Besides, now a day’s immediate the innovation of a smart waste separation 

chart for indicating the earlier stated artificial intelligence for environmental rests. Through observing the recent 

smart waste management plan trusting upon deep learning method, hypothetical descriptions inspire the 

complexity of development the arrange implementation [14,15]. At initial, due to the unique procedures of Deep 

Learning plans, they proceed in another manner on several datasets [16].  

In this analyse, a unique AIWLO-WMO model is suggested for smart cities environment, which generally targets 

to identify and classify smart waste items by the AI performances shown in figure 5. The proposed model mostly 

develops a RetinaNet based item recognition component to find the presence of smart waste items in the 

appearances [17,18]. Adagrad optimizer has operated to enhance the grouping operation. Recycling is also a 

valuable sign that appears the growth condition of smart cities. Zero waste strategies and applications have been 

established in approach with these requirements and are on the agenda of other countries [19,20].  

 

2. Literature Review (Related Work) 

In [21], a unique Internet of Things assisted Artificial Intelligent waste management model has been improved. 

The explained structure contributions with throwing the supplies associated to the administrators of smart waste 

objects and the IoT-based waste collection for the smart cities as tested earlier. The shown structure can the 

collection of smart waste effectively, position of smart cities in waste material, and approximate future waste 

materials. In [22] a multi-level Internet of Things supported smart waste management model is extended smart 

cities management technique is predicted and task is engaged as study to approximate the exactness of the 

recommended method. Results determined the view of the structure, display that it is efficient of working around 

4000 dust bins at the equal time. [23] middle roughly the recognition of an IoT planning to update smart waste 

management by hold to smart cities. Exactly, an initial network of devices centre in observe of the operation of 

minimum cost and less potential functions is described.  

[24] Produced a two-undertaking exploratory design of several motor vehicle producing computation to observe 

the standard programme for the management trash taskforce, using smart dumpsters and dedicated-based 

simulations. The smart dumpsters are supplied among the devices that activity directs of smart waste and a monitor 

to forward renews to the central supervision structure applying isolated society. Our goal is too additional happen 

the smart waste collection procedure through reducing the fill up available and round, the help plan completed, 

and the typical group measurement. [25] Offered actual bases of Ton Duc Thang University (Vietnam) to evaluate 

the capability and performance of the structure routine. We check facts turns on the LoRa and confirm the positives 

of the stated design, which is approved available completed a direct circuit projected with succeed volume, fewer 

cost, and suitability [26]. Our model saves time by finding the best plan in the organization of smart waste 

collection. [27] observed a Fusion CNN and RNN methodology for FER in pictures. The predictable system 

organisation includes Convolutional sheets then RNN that combined method separating the association in 

makeover images and with the regular system, the historical needs that happen in an image were adopted that the 

classifier. [28]  

However numerous Machine Learning and Deep Learning standards for smart waste organisation are presented 

in the sources, it is yet taken to improve the organisation implementation. Outstanding to persistent expanding of 

the plan, the number of constraints of Deep Learning and AI plans also expands rapidly which findings in standard 

overfitting. Next to, separate hyperparameters have a major effect on the productivity of the CNN plan. 

Exceptionally, the hyperparameters like time view, group dimension, and studying rate choice are important to 
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reach successful ending. Then the experiment and fault system for hyperparameter correction is a boring and 

incorrect method, Adagrad optimizer is used in this production. The paper [29,27] means in determining an 

automated waste grouping technique by sampling predictable AI and Deep Learning system procedures. To 

achieve that, both started an archive and begin Trash net are used in checking and implementing. 

3. The proposed model (AIWLO-WMO) 

In this paper, an original AIWLO-WMO model is proposed for smart cities environment, which generally targets 

to identify and classify smart waste items using the AI methods. The proposed model mostly develops an Adagrad 

optimizer with RetinaNet based item recognition module to classify the presence of smart waste items in the 

views.  

3.1. Smart Waste item recognition using RetinaNet Model 

Mostly, the RetinaNet model has been established for the recognition and classification of smart waste items in 

the smart cities’ environment [30]. The RetinaNet organization is included of attribute pyramid network (APN) 

recognition backend and support. Initial, the vision is handled by the backbone which usually is the ResNet 

construct. Promptly, it is stated to advise that although MobileNet competence is on a block with ResNet in the 

grouping assignment, it is not exact that MobileNet is a communication alternative for ResNet. From this 

hypothesis, applying MobileNet [31] as a support for recognition procedure undergoes from higher accuracy fall 

when compared to the organisation. The main explanation is that the certainty mark of MobileNetbased backbone 

is reduced by exchange off with minimal computational price. Therefore, it would not be a required choice of the 

support for higher accuracy target identification network. The backbone and the successive APN design an 

encoder-decoder similar network. The benefit of the APN is that it joins the feature of straight levels from the 

refined to the optimal level that well reproduces the feature in definite levels and measurements to the following 

level. Consequently, the multi-measure pyramid figure (P2-P4) is used into the backend in which two recognition 

fields are applied for target grouping and adjoining box regression. It must be stated that the adjoining box and 

investigator fields do not assign loads. The load of section is allocated over the pyramid appear (P2-P4). To 

effectively change the hyperparameter included in the RetinaNet model, the Adagrad optimizer has been used. 

Adagrad is a gradient‐based optimization method that implements the studying value to the element [32]. Adagrad 

developed pointedly of SGD and applied it to guide global neural networks at Google. So, gradient of objective 

function is denoted as gi,j, concerning the variable ɵi at time step t 

𝑔𝑡,𝑖 = ∇𝜃𝐽(𝜃)                                                 Equation (1) 

The SGD update for individually variable ɵi at individually time step t enhanced: 

𝜃
𝑡+1,𝑖

=𝜃𝑖,𝑗 − 𝛼. 𝑔𝑡,𝑖                       Equation (2) 

In the update rule, Adagrad changes the studying cost at t time for all the variables ɵi corresponding to the ancient 

gradient that is approximate in the following: 

𝜃
𝑡+1,𝑖

=𝜃𝑖,𝑗 −
𝛼

√𝐺𝑡,𝑖,𝑗+𝜀
. 𝑔𝑡,𝑖                Equation (3) 

Gt ϵ Rdxd   denote a diagonal matrix in which all the diagonal elements i,i indicates the volume of the squares of 

the gradient observing ɵi up to time step t, however ε specifies a smoothing label that avoids divide by zero in 

shown figure 1 organize of RetinaNet AI Model below- 
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Figure 1: Organize of RetinaNet AI Model 

3.2. Parameter optimization using WLO Procedure 

For successfully change the Stacked Auto Encoder (SAE) parameters, the WLO procedure has been utilized [29]. 

The WLO method was operated that is pretended in the reproductive process of world larvae (WL) to determine 

enhanced concerns. The WL is a type of hermaphrodite and finishes at all of them using female and male sex 

organs. Thus, the single parent EW produces a child EW by themselves. The generation_1 is determined as: 

𝑣𝑖1,𝑘 =  𝑣𝑚𝑎𝑥,𝑘   + 𝑣𝑚𝑖𝑛,𝑘−𝛼𝑣𝑖,𝑘            Equation (4) 

The above equations illustrate the process of producing the kth component of child's world larvae (WL) i1 in parent 

EW i.vi1,k and ui,k involves the kth component of WL i1 and i.vmax,k and vmin,k  correspond to the successful  

limitation of kth component of each WL. α denotes the connection component which stays with zero and one, and 

it decides the association in parents to child WL.  

The Generation_2 services an enhanced type of limit operator. Let, M be the quantity of child WLs and it is 2, or 

3 in best assets. The matter of parent WLs (N) is any integer that is higher than 1. Identical limit was used with 

N=2 and M=1. In two parent WLs P1 and P2 are selected to utilize roulette rotate decided. It can be stated as 

𝑃 = [
𝑃1

𝑃2
]                                              Equation (5) 

Mainly, 2 offspring v12 and v22 are produced in two parents. Rand_arbitrary integer series from zero to one is 

whole and kth factor of V12 and V22 are produced as: 

If rand>0.5, 

𝑣12,𝑘 = 𝑃1,𝑘          Equation (6) 

  

𝑣22,𝑘 = 𝑃2,𝑘            

Then 

 

𝑣12,𝑘 = 𝑃2,𝑘           Equation (7) 

 

𝑣22,𝑘 = 𝑃1,𝑘           

 
 

 Finally, the produced EW v12 in Generation_2 is determined as equation (8). Consider that rand1 be another 

arbitrary_number produced with zero and one. 

 

   𝑣𝑖1 = {
𝑣12 𝑓𝑜𝑟 𝑟𝑎𝑛𝑑1 < 0.5

𝑣22 𝑒𝑙𝑠𝑒
             Equation (8) 
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After, the producing EWs vi1 and vi2, the EW vi for after that production was determined as: 

 𝑣𝑖= 𝛽𝑣𝑖1  (1+𝛽)𝑣𝑖2
              Equation (9) 

While β is named as “proportional factor”. It is utilized to control the proportion of, and that global and local 

seeking productivity was recollected from comparison. It is proposed as: vi1 and vi2  

 𝛽𝑡+1 𝛾𝛽𝑡             Equation (10) 

In which indicates the present production. Mainly at t=0, β=1. γ indicates the factor that is result of freezing 

feature. The result requires to occur huge in local optimal. Therefore, the “Cauchy Alteration” (CA) is completed. 

It enhanced the seek resources of “WLO”. The CA worker was decided below.  

𝑧𝑘  = (
𝑁𝑝𝑜𝑝

∑ 𝑣𝑖,𝑘𝑖=1
) /𝑁𝑝𝑜𝑝             Equation (11) 

While zk denotes the weighted vector for kth component of population i and Npop indicates the population range. 

The kth component of end EW proceeds: 

   𝑣𝑖  = 𝑣𝑖  +𝑧𝑘  ∗ 𝐶𝑑           Equation (12) 

Now, Cd implies to the arbitrary_number which is derived in “Cauchy division” involving =1. At the current, 

indicates the “scale parameter” τ. 

 

The WLO method usually defines a strength value to realise maximum classifier results. It determines a positive 

integer to show well outcome on the applicant solution. Instantly, reducing the group error rate is handled as the 

strength perform. The optimal solution contains minimum error rate. 

𝑠𝑡𝑒𝑛𝑔𝑡ℎ(𝑥𝑖) = classifierErrorRate(𝑥𝑖) =
number of misclassified samples

Total number of samples
∗ 100   Equation (13) 

3.3. Artificial Intelligence in Smart Waste Management Model 

In this model, we have used main strategies for Implementing AI in Smart Waste Management. 

a) Data-driven smart waste gathering: AI is accomplished sufficient to analyse statistics from numerous 

sources like sensors and GPS trackers that are existing on smart waste automobiles, and ancient gathering 

forms to optimize collection ways. It can also forecast when and where bins will be jam-packed so that 

the garbage accumulator automobiles can be focused professionally, reducing fuel consumption, and 

reducing carbon releases. 

b) Smart Container Technology: This confirms that containers have only emptied when essential, reducing 

needless gatherings and refining operational competence. They have reduced the period and labours of 

the smart waste accumulators as well as successfully maintaining the gathering processes. 

c) Image Recognition for Organisation: AI-mechanical image recognition schemes have classified diverse 

kinds of smart waste as it is dropped into containers. This strategy allows automated categorization of 

diverse kinds of waste at recycling services, growing the recovery of recyclable resources, and reducing 

the risk of pollution, adulteration, and dispersal diseases due to smart waste gathering.  

d) Predictive Protection: This prediction of protection requirements before this tool breaks down minimizes 

idle time and decreases operational budgets as well. 

e) Social Analytics: Artificial intelligence is one such model that analyses the social models of the 

consumers who are dispose of their smart waste or garbage. This social model assists them recognise the 

society's activities for dropping smart waste so that they simply introduce motivation systems and 

educational outcomes for the individuals, advancing proper smart waste removal methods for them. 

f) Smart Waste Transition: To applying Artificial Intelligence to adapt smart waste into energy processes 

by automatically analysing the type of smart waste and working influences as temperature, density, and 

composition for the consistent.  

g) Integrating AI with Internet of Things (IoT) & Blockchain: These technology permits its effective 

resources for effectively preserving transparency and traceability in the complete smart waste 
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management procedure. It is not only restricted to this but also trace the smart waste movements and 

enhance the complete organisation’s protection and responsibility. 

h) Study & Adapt: AI-mechanical processes are competent sufficient to study extra phases always with the 

assistance of response statistics offered on a full range of resources. That includes performance statistics, 

client connections, and other further elements like social models and weather results. Adapting all such 

phases it can automatically recognizing numerous objects accountable for the managing of smart waste 

management entire model shown in figure 2 AI and IOT based Smart Waste Management Model Draft 

and figure 3 AI and IOT based Smart Waste Management Model below- 

 

                  

Figure 2: AI and IOT based Smart Waste Management Model Draft 

 

 

 

Figure 3: AI and IOT based Smart Waste Management Model 

4. Experimental and Result Discussion 

The outcomes suggested that the AIWLO-WMO model has classified all the things successfully. For illustration, 

on complete dataset, the AIWLO-WMO model has linked 396 examples into cardboard, 191 examples into glass, 

400 illustrations into metal, 494 illustrations into paper, 473 illustrations into plastic, and 135 examples into roll. 

In track with, 70% of educating dataset, the AIEWO-WMC approach has documented 278 examples into 
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cardboard, 327 examples into glass, 277 illustrations into metal, 355 illustrations into paper, 341 illustrations into 

plastic, and 90 examples into roll. Adjacent to that, on 30% of examining dataset, the AIWLO-WMO approach 

has detected 118 examples into cardboard, 164 illustrations into glass, 123 examples into metal, 139 illustrations 

into paper, 132 illustrations into plastic, and 45 illustrations into roll. 

Table 1 and figure 4 AIWLO-WMO Machine Learning Classification Model Statistics denote the complete smart 

waste categorization results of the AIWLO-WMO approach with smart cities proportions of datasets. The testing 

outcome conditional the successful capability of the AIWLO-WMO model. For example, with complete dataset, 

the AIWLO-WMO model correspondingly above statistic of smart waste products. Adjacent to that, with 70% of 

educating dataset, the AIWLO-WMO procedure has recommended in method, with 30% of assessment dataset, 

the AIWLO-WMO process has specified 99.62% consistently classification statistics show in table 1 AIWLO-

WMO Machine Learning Classification Model Statistics and figure 4 AIWLO-WMO Machine Learning 

Classification Model Statistics. 

Table 1: AIWLO-WMO Machine Learning Classification Model Statistics 

AIWLO-WMO Model  

Products Dataset 

Educating 

dataset 

Examining 

dataset 

Cardboard 396 278 118 

Glass 191 327 164 

Metal 400 277 123 

Paper 494 355 139 

Plastic 473 341 132 

Roll 135 90 45 

Food 235 157 78 

 

 

Figure 4: AIWLO-WMO Machine Learning Classification Model Statistics 

As well as we have considered too smart cities market Statistic of Artificial Intelligence & smart waste 

management. Table 2 Smart Waste Management Market in Smart Cities Environment Growth Rate Statistics and 

figure 5 Smart Waste Management Market in Smart Cities Environment Growth Rate Logistic Regression Model 

have comprehensive statistics about AI and the smart waste management market below. Corresponding to our 

study: 

• The universal smart waste management market is predictable to attain an assumed growth of almost 

$1.96 trillion by the year 2030. That is, it will succeed a growth rate of almost 5.4%.  
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• It is also predictable that in the upcoming, AI-based smart waste management keys can decrease 

transportation distance by 36.8% and decrease the complete period for smart waste management by 

28.22% and price by around 13.4% which will be supporting the persons in numerous ways. 

• Organization of AI in smart waste management results for smart waste organizing and image recognition 

has predictive protection enhanced the complete smart waste management accuracy from 72.8% to 

99.62%. 

 

Table 2: Smart Waste Management Market in Smart Cities Environment Growth Rate Statistics  

 

Smart Waste Management Predictive 

Years Gathering  Transportation  Removal 

2023 1.96% 36.80% 72.80% 

2024 2.51% 28.22% 75.82% 

2025 3.60% 25.25% 82.31% 

2026 3.52% 24.20% 85.85% 

2027 3.95% 20.50% 90.20% 

2028 4.50% 18.22% 94.81% 

2029 4.91% 15.21% 96.86% 

2030 5.40% 13.40% 99.62% 

 

 

 

Figure 5: Smart Waste Management Market in Smart Cities Environment Growth Rate Logistic Regression Model 

 

5. Conclusion 

With leveraging the model of artificial intelligence about the smart waste management development, smart cities 

environment certainly complete considerable managing in productivity, and overall quality of surviving for 

individuals. Entirely the AI-powered smart waste management results in smart cities environment are changing 

the smart waste assembly and removal procedure presenting it was more environment-friendly and natural. 

The aim of this paper, an automated artificial intelligence with world larvae optimization has supported waste 

management and organization (AIWLO-WMO) model is proposed for smart cities environment. The proposed 

model has mainly developed a RetinaNet built object finding segment to recognize the presence of smart waste 
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objects in the views. We have used smart waste item recognition using RetinaNet model, parameter optimization 

using WLO procedure and main strategies for Implementing AI in Smart Waste Management model. The AIWLO-

WMO process has specified 99.62% consistently. Smart Waste Management Market in Smart Cities Environment 

growth rate has to organization of AI in smart waste management results for smart waste organizing and image 

recognition has predictive protection enhanced the complete smart waste management accuracy from 72.8% to 

99.62%. 

Furthermore, these technologies will be used perfect waste separating, cost saving and reduced productions. AI-

based automation processes will be outcome in easier and more accurate identification of smart waste resources, 

with higher accuracy rates of up to 99.95%, assisting easy segregation of smart waste among their identification. 

In the upcoming, fusion deep learning technology process can be applied to improve the smart waste materials 

finding efficiency. 
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