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his research aims to develop an intelligent classification system for plastic waste
sing artificial intelligence (Al), specifically Convolutional Neural Networks (CNNs),
0 enhance sorting accuracy and improve recycling efficiency in Saudi Arabia,
hereby aligning with Vision 2030 sustainability goals. The study focuses on the
nique waste management challenges prevalent in Saudi Arabia, particularly in
rban centers like Jeddah, with the goal of creating a system that has practical
hpplications in local recycling faciliies. The methodology employed a mixed-
ethods approach, which included a systematic literature review to identify key
esearch gaps, qualitative interviews with 20 relevant stakeholders to understand
ocal needs, and the subsequent development of an Al-based classification
system. This system was trained and validated using a combination of public
<aggle datasets and preliminary local data from the Saudi Investment Recycling
company (SIRC). The results of our experimental models indicate that the
aroposed system is expected to achieve a classification accuracy of over 95% for
Jlastic waste, a significant improvement over traditional method. Furthermore, the
system is projected to reduce operational costs by 26% through optimized
sollection routes powered by loT technology and increase recycling efficiency by
30%, which is anticipated to contribute to a 20% reduction in greenhouse gas
amissions. To ensure practical implementation and long-term success, the study

ecommends expanding local data collection efforts, conducting rigorous real-
vorld teeting in Qaudi recvusling fapcilitice  and launching public awareneee
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: ("This system was trained and validated 4w i (s aLidle
using a combination of public Kaggle datasets and preliminary
local data from the Saudi Investment Recycling Company

/ (SIRC)").

Gl Jaa (SIRC) @ilily e Aaic Y das a5 Cangll qalldaS i yo
Al s G Y 5 (53 smal) @5l uedl,

www.midocean.ae



MIDOCEAN

Abstract

This research aims to develop an intelligent classification system for plastic waste
using artificial intelligence (Al), specifically Convolutional Neural Networks (CNNs),
to enhance sorting accuracy and improve recycling efficiency in Saudi Arabia,
thereby aligning with Vision 2030 sustainability goals. The study focuses on the
unique waste management challenges prevalent in Saudi Arabia, particularly in
urban centers like Jeddah, with the goal of creating a system that has practical
applications in local recycling facilities. The methodology employed a mixed-
methods approach, which included a systematic literature review to identify key
research gaps, qualitative interviews with 20 relevant stakeholders to understand
local needs, and the subsequent development of an Al-based classification
system. This system was trained and validated using a combination of public
Kaggle datasets and preliminary local data from the Saudi Investment Recycling
Company (SIRC). The results of our experimental models indicate that the
proposed system is expected to achieve a classification accuracy of over 95% for
plastic waste, a significant improvement over traditional method. Furthermore, the
svstem is proiected«tnsnsesensminnaseasissimmiilc throuch ootimized

MIDOCEAl

UNIVERSITY
Lo 5 A€ Jaaali g Aadiisal) (5 bl «esw!
g 5 Ao gill OGN (p Calil) e (3 hal) £ gite
fpialleal ) peal
(LA i
Calll (IS &l - Preprocessing Aiuwall dallaall
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interviews with 20 relevant stakeholders to
understand local needs").
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images were resized to a fixed resolution of
224x224 pixels... converted from the BGR
color space... to RGB").

www.midocean.ae



MIDOcEAN

W JLaa) A8y jks g Adad) aaal 480

) Liale Leand g 4ally 48y ) guall e aas Caalidl aay (4 ad) lilul) ana) ddal) Cia go
s il e s il

: ("comprising 22,564 images for training and 10,617 4la i csa 2aL&lls
Images for testing and validation, classified into two primary categories:
Organic (O) and Recyclable (R)").
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4.2 Data Preparation Methodology
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The quality and preparation of data are foundational to the success of any deep learning ‘"“ ‘ ‘ OJﬁ u‘ﬁj ‘ ‘j‘ dJ ‘ %J
"we L4 L 4 5 L4

model. A meticulous methodology was followed to ensure that the data fed into the
models was uniform. high-quality, and capable of enhancing the models’ generalization
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4.2.1 Dataset Description and Analysis _BJ‘E.AJ‘ ! : . ! 5\‘)‘95 diﬁj ‘(313 . S\ Q\:’M %58)

The study utilized a publicly available image dataset specifically curated for waste

classification, pre-partitioned into training and testing sets. The dataset is designed for a 1] (] » 'y & . :.

binary classification task, distinguishing between two principal categories: u A SI I ht CI aSS OJ ‘ I i ‘ w & ‘.
- Organic {(O): Encompassing waste of biological origin, such as food scraps. . . .

- Recyclable (R): Including materials that can be reprocessed, such as plastics

Imbalance was observed... This imbalance was

A slight class imbalance was observed within the training set, with organic waste
constituting approximately 58% of the images. While not severe, this imbalance was

s s i e ey s mmmemmeneeen - ffectively addressed through data augmentation
. Image Dimensionality Unification: All images were resized to a fixed

= n"
resolution of 224x224 pixels. This is a mandatory procedure for batch teCh n Iq U eS ).

processing and conforms to the fixed input size expected by the pre-

trained architectures like ResNet. : ("Standardization: (ww‘ JPJSS‘) MIM‘):‘ C}Q &Wh

. Color Space Conversion: Images were converted from the BGR color

space (default in OpenCV) to RGB, the standard format on which the Pixel Values We re ﬁ rSt normalized to the [O, 1 ]

PyTorch models were pre-trained.

. Standardization: Pixel values were first normalized to the [0, 1] float range |Oat range and SU bseq Uently Standard ized USi ng

and subsequently standardized using the ImageNet mean [0.485, 0.456,

0.406] and standard deviation [0.229, 0.224, 0.225]. This step is obligatory the | mage Net mean")_

for transfer learning to ensure that the statistical distribution of the input

data is similar to that of the original data the mode| was trained on. ¢ (Gantt Chart)g..ﬁ :..S"w Lf.Aj d}J.A Jﬁj (“J‘: (’"éJ: h\‘ » “.

Data Augmentation: To prevent overfitting and enhance the model's ability

- N - » 1 . - {
to generalize to new, unseen images, a series of random transformations (';_1 6\.@_\#\“ (';J 6&;\1_1\:1..\]‘ CQ# "Cf;\\ﬁy\ @A)S\ dﬂm"' O‘ Y;\

were applied to the training data only:

RandomHorizontalFlip & RandomVerticalFlip: These transformations Lé ‘_A \j\:\M \:\SA.C L.AJJ OIS CLSJJP L.A": .LM I:D-A\:é L%J..jA}S

introduce orientation invariance, teaching the model to recognize objects - O a4
regardless of their orientation. d‘j\ Calal EJ\J‘ YETILS
= we s LA

RandomRotation(20): This simulates slight rotational variations, forcing the

model to learn the object's intrinsic features rather than its specific pose. WWW. midocean_ae
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