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Abstract: 
The developers, developed Medical Waste Sanitation and Segregation Kiosk Using 

DCNN for Hospitals to help medical employees in segregating and classifying medical waste 

using an image processing and to help improve the classifying and segregating system medical 

facilities use. This system enables an automatic classifying of medical items using a DCNN 

based algorithm, YOLOv5 and with the use of Arduino Mega Board is also enable an 

automatic segregating system in order to properly separate medical waste and put in the proper 

trash bin. The developed system has also an added feature that monitors the level of the trash 

bin that gives an SMS alert when the bin is full. The system has the potential to help improve 

the current system in classifying, segregating and sanitizing medical waste with further 

innovations in the developed system. Based on the results from the system evaluation 

performed measuring the developed system showed that it can help lessen the risk of 

contamination from medical waste with the implementation of sanitizing mechanism such as 

Ultra-violet light. With further improvement of the system, other sanitizing method scan be 

added to be suitable in other medical wastes. Results based on the data gathered from system 

evaluation revealed that using a convey or system currently is the optimal design that can 

make the system work smoothly. And the conveyor can be adjusted in order to be suitable 

to different sizes of trash bins. Findings from the gathered data also revealed that with the 

use of DCNN based algorithm suchYOLOv5,the developers achieved an 84.2% accuracy 
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in the classification of medical waste. In the reliability of the design, the developed system 

achieved an 88.3% and in the, in the effectiveness of the system, the achieved percentage is 

85.5% with respect to the overall function and accuracy of the image processing program. 

 

Keywords —Computer Engineering, Health Care Waste, Waste Segregation, Environmental 

Protection. 
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I. INTRODUCTION 

Working in the healthcare industry is 

one of the riskiest jobs available. Professionals 

throughout this field are continuously exposed 

to all kinds ofpossible risks in the course of 

their work. Potential dangers include natural 

biological infection to bacteria living 

organisms like infectious diseases and the 

human immunodeficiency virus (HIV), along 

with chemical contaminants tofumaric acid and 

methane dioxide from medical waste produced 

in hospitals, laboratories, as well as other 

healthcare centers. Medical waste 

management is so important in the operation 

of any medical facility that healthcare 

centers adhere strictly to the standards and 

laws of countries all over the world regarding 

the segregation, treatment, and disposal of 

these wastes. However, the risk of 

contaminationorinfectiontomedicalworkers,h

ospitalemployees,andpatients continues to 

remain because of the amount of waste 

produced by healthcare activities, of which 

approximately 85 percent is considered 

hazardous material that may be infectious, 

chemical, or radioactive. Health-

careactivitiescanincreasewaste,whichcanhurt

one'shealth.The majority of this waste is not 

any more hazardous than regular household 

waste. Some types of healthcare waste, on 

the other hand, pose a greater health risk. 

Medical waste (15–25 percent of total 

health-care waste), sharps waste (1 percent), 

body part waste (1 percent), chemical or 

pharmaceuti0063al waste (3 percent), and 

radioactive and cytotoxic waste or broken 

thermometers (1 percent) less than 1 percent. 

In the Philippines, Various laws and 

regulations apply to how hospitals 

shouldcontrolwastegeneration.Apartfromtheg

eneralregulationsthatapplyto 

allorganizations,hospitalsaresubjecttotherules

andregulationsoftheRevised Medical Waste 

Management Manual (RHCWWM) issued 

by the Department of 

Healthin2005.Itcontainsdetailedrulesandproc

eduresforclassifyinghospital waste and how 

to treat, transport, neutralize, and dispose of 

it. The purpose and aim of this study were to 

develop a kiosk system that segregates based 

on the classification of medical waste, 

sanitizes, and monitor 

thetrashbinlevelofmedicalwastebinswhichhel

pedhealthcareworkerslessen the exposure 

and infection from hospital wastes. The 

system used an image processing program for 

an automatic segregation which, the 

proponents collected datasets of classification 

of medical wastes. The system also has 

sensors that served to indicate the level of 

the trash bin. Finally, the researchers were 

eager to contribute in the community 

hospital to help the healthcare workers lessen 

their risk in disposing medical waste. 

II. METHODOLOGY 

The researchers utilized descriptive 

development research strategy. This kind of 

research allowed the developers create in a 

systematic procedure that lessens the burden 

in creating the developed system. 

Development research, as opposed to simple 

instructional development, had been the 

systematic study of designing, developing, 

and evaluating instructional programs, 

processes, and product that must meet 

criteria of internal consistency and 
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effectiveness. The researchers created a design 

of the proposed system that is in-line with the 

researchers' knowledge on the hardware and 

software requirements for the development of 

Medical Waste Classification, Sanitation and 

SegregationKioskUsingDCNNforHospitals.Th

einitialdesignwasthebasisof the development of 

the system and was subjected to improvements 

and changes 

upondevelopmentofthesystem,theresearchersch

osethebestfeasibledesign for the prototype 

development. Asystemevaluationwasconducted 

by the researchers thru a post-test interview 

and survey with the 

respondentsfromtheBarangayHealthClinicofBr

gy.Labas,CityofSta.Rosaand/or Computer 

Engineering experts available for evaluating 

the proposed system. The feedback from the 

respondents served as a guide for the 

improvements in the prototype and in the 

overall system. Any additional suggestions 

from the respondents were considered by the 

researchers for furthering the success of the 

developed system. The prototype development 

was after the improvements and iterations in 

the prototype is implemented and the 

respondents find 

thesystemtobesatisfactoryandefficientfromthep

ost-testsurveyandinterview. 

Theengineerproductwasthefinalversionofthepro

totypeandwassubjected for the final system 

evaluation. 

III. RESULTS AND DISCUSSIONS 

Thedevelopersusedthesystemandsoft

warequalitymodelsmadebythe International 

Organization for Standardization (ISO) and 

International Electro technical Commission 

(IEC) recognized as the ISO/IEC 25010. 
 

Assigned 

Point 

Numerical 

Range 

Categorical 

Response 

Verbal 

Interpretation 

4 3.51–4.00 StronglyAgree Strongly 

Acceptable 

3 2.51–3.50 Agree Acceptable 

2 1.51–2.50 Disagree Unacceptable 

1 1.00–1.50 StronglyDisagree Strongly 

Unacceptable 

Note:thetableabove showsthe4-

pointLikerscaleanditsinterpretation. 
 

Table 1. Summary Evaluation of System 

Quality in Developing the System for the 

improvement of classifying and segregating 

medical wastes. 
General 

Characteristic 

Indicator Weight 

Mean 

Interpretation 

 

Functional 

Suitability 

The use of image 

processing program 

helps to make the 

process of 

classifying and 
segregating medical 

wastes 

 

3.73 

 

Strongly 

Acceptable 

 

Usability 

Thesystem’suse 

ofDCNNmakest

hesystemeasyto 

be used as it 
makes the 

functionsautoma

tic. 

 

3.51 

 

Strongly 

Acceptable 

Performance 

Efficiency 

The system’s use 

of a 

conveyorsystem
makesthe system 

run smoothly. 

 

3.53 

 

Strongly 

Acceptable 

 

Compatibility 

The system’s 

datasetand 

program can be 

updated from 

time to time to 

train 

theAIothermedi

calwasteitems. 

 

3.0 

 

Acceptable 

 
Thetableaboveisthesummaryevaluati

onofthedevelopedsystemandthe sub-

characteristics of the significant test, which 

clarifies the dependability 

percentageyieldsandoverallstability.Table8a

boverepresentstheresultofthe performance 

of the developed system, identified by the 

classification such as functionality in the 

statement. The use image processing 

program is suitable in helping to improve 

the current system in classifying and 

segregating medical wastes in medical 

facilities, that’s why it received a weighted 

mean of 3.73. The 

system’susabilityandefficiencyreceivedawe

ightedmeanof3.51and3.53a strongly 

acceptable interpretation in using image 

processing in the system, the developers 

chose to use a conveyor mechanism for the 
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overall system to run 

smoothly.Tomaintainthesystem,thesystem’sd

atasetshouldbeupdatedfor 

theadditionalmedical 

wasteitemsthatcanbetrainedfortheAI. 

Thedesignfor 

thesystemischosentomaketheprototypeastand

alonemachinethatcanbe used by the medical 

personnel. 

The result from the summary of 

evaluation from the developer’s test of the 

system showed that the developed system is 

capable of helping to improve the 

currentsystemusedinclassifyingandsegregatin

gmedicalwastes. 
 

Table 2. Summary Evaluation of the System 

Quality in Developing the System in Using 

Germicidal/UV-C Light in sanitizing medical 

wastes. 
General 

Characteristic 

Indicator Weight 

Mean 

Interpretation 

 

 

Functional 

Suitability 

Theuseofultraviolet

lightis 

suitableforthedevel

oper’s 

designoftheprototy

pe. 

 

 

3.73 

 

Strongly 

Acceptable 

 

 

Usability 

The ultraviolet 

light does not 

require a 

connection in 

the microcontroller 
to function. 

 

3.48 

 

 

Acceptable 

 

 

Performance 

Efficiency 

The developers 

were unable to 

measure the 
amount 

disinfection by the 

ultraviolet light, 

due to lack of 

tools for 

measurement. 

 

 

 
3.46 

 

 

 

Acceptable 

 

 

 

Compatibility 

The ultraviolet 

light can be 

replaced when the 

unit is defective or 

damaged. It is 

availableinstoresa

ndin online shops. 

 

 

 

2.85 

 

 

 

Acceptable 

 

The table above is the summary 

evaluation of the developed system and the 

sub-characteristics of the significant test, 

which clarifies the dependability 

percentageyieldsandoverallstability.Table9

aboverepresentstheresultofthe performance 

of the developed system, identified by the 

classification such as 

functionalityinthestatement.Theultravioletli

ghtisasuitablesanitizingmethod 

withrespecttothedeveloper’sdesignofthesyst

em.withothermethodssuchas misting and 

spraying sanitizing liquids is not suitable at 

this time because the moisture can damage 

the wirings and the circuit boards installed 

in the prototype. The ultraviolet light 

received an acceptable interpretation in all 

categories. 

The result from the summary of 

evaluation from the developer’s test of the 

system showed that the ultraviolet light is 

capable in sanitizing medical waste materials. 
 

Table 3. Summary Evaluation of the System 

Quality in Measuring the impact of the 

developed system in the current system 

used. 
General 

Characteristic 

Indicator Weight 

Mean 

Interpretation 

 

 

Functional 

Suitability 

With the use of 

DCNN in the 
developed system, 

the 

currentsystemcanbe 

improved. 

 

 
3.63 

 

Strongly 

Acceptable 

 

 

 

 

 

Usability 

The developed system 

canbe used in the 

medical facilities in 

helping with the 

segregation of 

medical 
waste, with image 

processing,theclassi

fying and sanitizing 
of medical waste 

materials can be 

automaticallyputint

othe 

trashbin. 

 

 

 

 

 

 
3.57 

 

 

 

 

 

Strongly 

Acceptable 

 

 

Performance 

Efficiency 

The image 
processing in the 

developed system is 

helpful in 

segregating 

medicalwaste 

materials in medical 

facilities. 

 

 

 

3.71 

 

 

Strongly 

Acceptable 

 

Compatibility 

The developed 

system’s components 

can be replaced if 

defective or damaged. 

The 
system’s 

 

 

3.52 

 

 

Strongly 

Acceptable 
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The table above is the summary 

evaluation of the developed system and the 

sub-characteristics of the significant test, 

which clarifies the dependability 

percentageyieldsandoverallstability.Table10

aboverepresentstheresultofthe performance 

of the developed system, identified by the 

classification such as functionalityin the 

statement. The developedsystem can 

beused in themedical facilities to classify 

and segregate waste automatically, not like 

the manual 

system.Thedevelopedsystemcanhelplessent

heriskincontaminationinpeople and in the 

environment with the use of UV light as a 

sanitizing method. The overall impact of 

the developed system received an 

acceptable interpretation in all categories. 

The result from the summary of 

evaluation from the developer’s test of the 

system showed that the developed system has 

the capability to help the current system to 

improve the current manual system in 

segregating and sanitizingmedical waste 

materials. 
 

Table 4. Summary Evaluation of the System 

Quality in Measuring the level of accuracy in 

medical waste classification and segregation 

of the proposed system. 
General 

Characteristic 

Indicator Weight 

Mean 

Interpretation 

 

Functional 

Suitability 

theuseofimageproces

singissuitableinthede
veloped system. 

 

3.74 

 

Strongly 

Acceptable 

 

Usability 

Thedevelopedsyst

emobtained a level 

of accuracy of 

84.2% in average 

 

3.54 
 

Strongly 

Acceptable 

 

 

 

Performance 

Efficiency 

The developed 

system can 

classifymedicalwa

stewith 84.2% in 
accuracy. The 

trained data helps 

toincreasethelevel
of accuracy 

 

 

3.64 

 

 

Strongly 

Acceptable 

 

 

 

Compatibility 

The trained 

dataset in the 

developed 

system are 1050 
imagesforthethre

emedical items; 

nitrile gloves, 
blue surgical 

facemask and 

5cc syringe. The 
use of YOLO v5 

is suitable in 

creating an 

accurate image 

processing 

program 

 

 

 

3.51 

 

 

 

Strongly 

Acceptable 

 
The table above is the summary 

evaluation of the developed system and the 

sub-characteristics of the significant test, 

which clarifies the dependability 

percentageyieldsandoverallstability.Table11

aboverepresentstheresultofthe performance 

of the developed system, identified by the 

classification such as functionalityin the 

statement. The developedsystemcan beused 

in themedical facilities to classify and 

segregate waste automatically, not like the 

manual 

system.Thedevelopedsystemcanhelplessent

heriskincontaminationinpeople and in the 

environment with the use of UV light as a 

sanitizing method. The overall impact of the 

developed system received a strongly 

acceptable interpretation in all categories. 

Theresultfromthesummaryofevaluati

onfromthedeveloper’stestofthe 

systemshowedthattheMedicalWasteClassifi

cation,SanitationandSegregation Kiosk 

Using DCNN for Hospitals has attained an 

average accuracy of 84.2%. 
 

Table 5. Summary Evaluation of the 

System Quality in Measuring the level of 

Acceptability, Effectiveness and Reliability 

of Medical Waste Classification, 

Sanitation and segregation Kiosk Using 

DCNN for Hospitals 
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General 

Characteristics 

Sub- 

Characteristics 

Weighted 

Mean 

Average Interpretation 

 

Portability 

Adaptability 3.6  

3.60 
Strongly 

Acceptable 
Installability 3.7 

Replaceability 3.5 

 

Maintainability 

Modularity 3.8  

3.58 

 

Strongly 

Acceptable 
Reusability 3.4 

Analyzability 3.9 

Modifiability 3.8 

Testability 3.0 

 

Security 

Confidentiality 3.9  

3.82 
 

Strongly 

Acceptable 
Integrity 3.9 

Non-

Repudiation 

3.9 

Accountability 3.8 

Authenticity 3.6 

 

Reliability 

Maturity 3.9  

3.60 

 

Strongly 

Acceptable 
Availability 3.7 

FaultTolerance 3.1 

Recoverability 3.7 

 

Functional 

Suitability 

Functional 
Completeness 

3.8  

 

3.80 

 

Strongly 

Acceptable 
Functional 
Correctness 

3.9 

Functional 

Appropriateness 

3.7 

 

Performance 

Efficiency 

TimeBehavior 3.8  

3.36 

Acceptable 

Resource 
Utilization 

3.2 

Capacity 3.1 

Compatibility Co-existence 3.1 3.1 Acceptable 

 

 

 

Usability 

Appropriateness 

Recognizability 

3.7  

 

 

3.63 

 

 

Strongly 

Acceptable Learnability 3.6 

Operability 3.8 

User Error 

Protection 

3.6 

User Interface 
Aesthetics 

3.2 

Accessibility 3.9 

CompositeMean 3.56 Strongly 

Acceptable 

 

The table above is the summary 

evaluation of the level of acceptability, 

effectiveness and reliability of the 

developed system and the sub-

characteristics of the significant test, which 

clarifies the dependability percentage yields 

and overall stability. Table 12 above 

represents the result of the performance of 

the developed system, identified by the 

classification such as functionality in the 

statement. The developed system is 

evaluated by the IT and Computer 

Engineering professionals and obtained a 

3.56 composite mean with a strongly 

acceptable interpretation. This means that 

the developed system can help with the 

improvement of the current medical waste 

management system and lessen the risk of 

contamination of medical wastes to the 

employees, patients and in the environment. 

IV. CONCLUSIONS AND 

RECOMMENDATIONS 

The data revealed that the current medical 

waste management system can be improved 

with the use of technological advancements 

such the use of machine learning, image 

processing and robotics. The use of Ultra 

violet light is suitable on the design that the 

developers created. But the developers were 

unable to measure the sanitation level of UV 

light due to lack of materials for 

measurement. The system developed 

revealed that the developed system is helpful 

in classifying, segregating and sanitizing 

medical waste for lessening the risk of 

contamination to other people and in the 

environment. Arduino Mega Board is 

suitable in creating systems with image 

processing program.The Arduino board helps 

maintaining the functions of the system. And 

also the data revealed that the use of DCNN 

in image processing gives a high accuracy in 

processing and identifying images. The 

YOLO v5 architecture gives a stable 

program in creating image processing 

systems. The use of YOLOv5 can detect and 

process images with high accuracy and can 

be improved with more trained data. 

After listing and studying the relevant 

discoveries and assumptions of the developed 

system, the developers give the following 

recommendation to the future users and 
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future researchers that would help develop a 

more effective and useful improvements of 

the Medical Waste Classification and 

Segregation Kiosk Using DCNN for 

Hospitals. The developers recommend 

improving the data set for creating a better 

classification of medical waste for a more 

innovative wireless connection, future 

developers can use IoT instead of GSM 

module for a faster alert message to use a 

different sanitation method to improve the 

method that the researchers used future 

developers can include a different anitation 

method to be suitable in different medical 

waste and creating a different design for a 

suitable improvement in durability of the 

system. The developers recommend using 

other DCNN architecture for a higher level of 

accuracy and handling of large data sets. 
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