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CHAPTER I 

INTRODUCTION 

1.1. Background 

 Malaria is a potentially fatal infectious disease caused by Plasmodium 

parasites and remains a significant public health challenge in numerous endemic 

countries, including Indonesia. The nat|ion's trop|ical |env|ironm|ental cond|it|ions, 

charact|er|iz|ed by h|igh t|emp|eratur|es, abundant ra|infall, and favorabl|e hab|itats for 

Anoph|el|es mosqu|ito|es, support th|e cont|inuous transm|iss|ion of th|e d|is|eas|e. Bas|ed 

on data publ|ish|ed by th|e |Indon|es|ian M|in|istry of H|ealth, |Indon|es|ia r|ecord|ed 

543,965 malar|ia cas|es |in 2024, w|ith n|early 90% of th|e r|eport|ed |inf|ect|ions 

or|ig|inat|ing from Papua Prov|inc|e. Globally, Accord|ing to th|e World H|ealth 

Organ|izat|ion (WHO), malar|ia aff|ects mor|e than 200 m|ill|ion |ind|iv|iduals |each y|ear, 

und|erscor|ing |its p|ers|ist|ent |impact on global h|ealth. Th|e d|is|eas|e r|ema|ins 

part|icularly chall|eng|ing |in r|eg|ions wh|er|e d|iagnost|ic r|esourc|es ar|e l|im|it|ed and th|e 

ava|ilab|il|ity of sk|ill|ed m|icroscop|ists |is |insuff|ic|i|ent. Although m|icroscop|ic 

|exam|inat|ion of sta|in|ed blood sm|ears |is r|egard|ed as th|e r|ef|er|enc|e standard for 

malar|ia d|iagnos|is, th|is approach pr|es|ents s|ev|eral l|im|itat|ions. |Its d|iagnost|ic 

accuracy larg|ely d|ep|ends on th|e prof|ic|i|ency of laboratory p|ersonn|el, th|e 

|exam|inat|ion proc|ess |is labor-|int|ens|iv|e and t|im|e-consum|ing, and th|e l|ik|el|ihood of 

d|iagnost|ic |inaccurac|i|es |incr|eas|es wh|en analyz|ing blood sm|ears w|ith low paras|it|e 

d|ens|ity or subopt|imal |imag|e qual|ity. [1]. 

R|ec|ent d|ev|elopm|ents |in art|if|ic|ial |int|ell|ig|enc|e hav|e s|ign|if|icantly promot|ed 

th|e w|id|espr|ead adopt|ion of d|e|ep l|earn|ing t|echn|iqu|es to |improv|e th|e sp|e|ed and 

accuracy of malar|ia d|et|ect|ion us|ing m|icroscop|ic blood sm|ear |imag|es. Among 

th|es|e t|echn|iqu|es, Convolut|ional N|eural N|etworks (CNNs) hav|e b|ecom|e th|e most 

w|id|ely adopt|ed approach |in both nat|ional and |int|ernat|ional stud|i|es. A w|id|e rang|e 

of stud|i|es has shown that CNN-bas|ed mod|els atta|in h|igh p|erformanc|e |in 

|id|ent|ify|ing Plasmod|ium-|inf|ect|ed blood c|ells. Study [1] r|eport|ed a class |if|icat|ion 

accuracy |exc|e|ed|ing 90% for malar|ia d|et|ect|ion us|ing CNNs, wh|il|e study [2] 

ach|i|ev|ed an accuracy of 98.30%. S|im|ilarly, study [3] wh|ich ut|il|iz|ed a larg|e-scal|e 
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datas|et compr|is|ing 27,558 m|icroscop|ic |imag|es, r|eport|ed an accuracy of 96% us|ing 

a CNN-bas|ed mod|el. Furth|ermor|e, a syst|emat|ic r|ev|i|ew conduct|ed |in [4] r|ev|eal|ed 

that th|e major|ity of CNN-bas|ed malar|ia d|et|ect|ion stud|i|es cons|ist|ently ach|i|ev|ed 

class|if|icat|ion accurac|i|es abov|e 90% across both nat|ional and |int|ernat|ional 

datas|ets, h|ighl|ight|ing th|e |eff|ect|iv|en|ess of CNNs for malar|ia class|if|icat|ion tasks. 

|In add|it|ion, mod|el |int|erpr|etab|il|ity has |incr|eas|ingly b|e|en |incorporat|ed |into r|ec|ent 

stud|i|es. Study [5] d|emonstrat|ed that |int|egrat|ing sal|i|ency mapp|ing w|ith CNNs 

|improv|ed class|if|icat|ion accuracy to 95.06% by |enabl|ing th|e mod|el to focus on th|e 

most |informat|iv|e r|eg|ions of m|icroscop|ic |imag|es. Th|e f|ind|ings r|eport|ed |in both [6] 

dan [5] furth|er conf|irm th|e capab|il|ity of CNNs to |eff|ect|iv|ely |extract d|iscr|im|inat|iv|e 

f|eatur|es from m|icroscop|ic blood sm|ear |imag|es. 

D|esp|it|e th|es|e prom|is|ing r|esults, th|e major|ity of |ex|ist|ing stud|i|es cont|inu|e 

to r|ely on conv|ent|ional CNN arch|it|ectur|es, wh|ich |exh|ib|it |inh|er|ent l|im|itat|ions |in 

captur|ing global spat|ial r|elat|ionsh|ips across |imag|e r|eg|ions. By d|es|ign, CNNs 

op|erat|e us|ing local r|ec|ept|iv|e f|i|elds through convolut|ional k|ern|els, mak|ing th|em 

l|ess |eff|ect|iv|e at mod|el|ing long-rang|e spat|ial d|ep|end|enc|i|es and th|e ov|erall 

structural cont|ext of an |imag|e. Th|is l|im|itat|ion b|ecom|es part|icularly s|ign|if|icant |in 

m|icroscop|ic malar|ia |imag|es, wh|ich oft|en |exh|ib|it substant|ial var|iat|ions |in sta|in|ing 

|int|ens|ity, sl|id|e art|ifacts, |incons|ist|ent paras|it|e s|iz|es, and v|isual no|is|e. 

Cons|equ|ently, th|er|e |is an |incr|eas|ing n|e|ed for mor|e adapt|iv|e mod|els capabl|e of 

handl|ing th|e h|igh d|egr|e|e of h|et|erog|en|e|ity commonly |encount|er|ed |in r|eal-world 

m|icroscop|ic |imag|e datas|ets.|In |Indon|es|ia, r|es|earch on d|e|ep l|earn|ing-bas|ed malar|ia 

d|et|ect|ion has pr|edom|inantly focus|ed on CNN arch|it|ectur|es, w|ith l|im|it|ed 

|explorat|ion of mor|e r|ec|ent Transform|er-bas|ed mod|els. Th|is |is d|esp|it|e th|e fact that, 

from a th|eor|et|ical p|ersp|ect|iv|e, Transform|er arch|it|ectur|es off|er sup|er|ior 

capab|il|it|i|es for captur|ing global spat|ial d|ep|end|enc|i|es and cont|extual |informat|ion 

w|ith|in |imag|es. 

R|ec|ent advanc|es |in comput|er v|is|ion hav|e d|emonstrat|ed a parad|igm sh|ift 

from conv|ent|ional CNN-bas|ed arch|it|ectur|es toward Transform|er-bas|ed mod|els, 

part|icularly th|e V|is|ion Transform|er (V|iT) and Sw|in Transform|er. Th|es|e 

arch|it|ectur|es |employ a s|elf-att|ent|ion m|echan|ism to mod|el global r|elat|ionsh|ips 

across |imag|e r|eg|ions, |enabl|ing th|e |extract|ion of r|ich|er and mor|e cont|extual f|eatur|e 
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r|epr|es|entat|ions than thos|e produc|ed by trad|it|ional CNNs. Study [7] r|eport|ed that 

th|e Sw|in Transform|er, through |its sh|ift|ed-w|indow m|echan|ism, |exh|ib|its gr|eat|er 

stab|il|ity wh|en proc|ess|ing h|igh-r|esolut|ion and h|et|erog|en|eous |imag|es, |includ|ing 

m|ed|ical |imag|es. Furth|ermor|e, study [8] d|emonstrat|ed that th|e V|is|ion Transform|er 

and |its var|iants outp|erform conv|ent|ional CNN arch|it|ectur|es across a w |id|e rang|e 

of m|ed|ical |imag|e class|if|icat|ion tasks by g|en|erat|ing mor|e |informat|iv|e f|eatur|e 

r|epr|es|entat|ions. |In add|it|ion, study [9] show|ed that th|e Sw|in Transform|er |is capabl|e 

of captur|ing blood c|ell patt|erns mor|e |eff|ect|iv|ely, |ind|icat|ing |its strong pot|ent|ial for 

m|icroscop|ic blood |imag|e analys|is, |includ|ing malar|ia d|iagnos|is. 

|Int|ernat|ional datas|ets, such as thos|e prov|id|ed by th|e Nat|ional |Inst|itut|es of 

H|ealth (N|IH) and Kaggl|e, ar|e |ext|ens|iv|ely ut|il|iz|ed |in malar|ia r|es|earch du|e to th|e|ir 

h|igh-qual|ity annotat|ions, larg|e sampl|e s|iz|es, and r|epr|es|entat|iv|e |imag|e d|iv|ers|ity. 

Th|e morpholog|ical charact|er|ist|ics of |erythrocyt|es and th|e v|isual app|earanc|e of 

Plasmod|ium paras|it|es ar|e g|en|erally cons|ist|ent across populat|ions, mak|ing th|es|e 

|int|ernat|ional datas|ets h|ighly r|el|evant for r|es|earch conduct|ed |in th|e |Indon|es|ian 

cont|ext. Stud|i|es [10] and [11] d|emonstrat|ed that mod|els tra|in|ed on N|IH and 

Kaggl|e datas|ets ach|i|ev|ed h|igh class|if|icat|ion p|erformanc|e, |ev|en wh|en appl|i|ed to 

r|es|earch conduct|ed |in nat|ional s|ett|ings. Mor|eov|er, w|ith appropr|iat|e |imag|e 

pr|eproc|ess|ing and data augm|entat|ion t|echn|iqu|es, th|es|e global datas|ets can b|e 

|eff|ect|iv|ely g|en|eral|iz|ed to m|icroscop|ic |imag|es obta|in|ed from |Indon|es|ian 

laborator|i|es, d|esp|it|e var|iat|ions |in sampl|e pr|eparat|ion proc|edur|es, sta|in|ing 

|int|ens|ity, and sl|id|e qual|ity. 

Furth|ermor|e, b|inary malar|ia class|if|icat|ion (|inf|ect|ed v|ersus un|inf|ect|ed) plays 

a fundam|ental rol|e |in cl|in|ical pract|ic|e, as |it s|erv|es as th|e |in|it|ial st|ep |in d|et|erm|in|ing 

th|e pr|es|enc|e of paras|it|em|ia and ass|ess|ing th|e s|ev|er|ity of |inf|ect|ion. Accurat|e 

|id|ent|if|icat|ion of |inf|ect|ed |erythrocyt|es |is |ess|ent|ial b|ecaus|e manual m|icroscop|ic 

|exam|inat|ion |is oft|en chall|eng|ed by var|iat|ions |in blood sm|ear qual|ity, low l|ev|els 

of paras|it|em|ia, and th|e subj|ect|iv|e |int|erpr|etat|ion of laboratory p|ersonn|el. Pr|ev|ious 

stud|i|es conduct|ed |in |Indon|es|ia hav|e d|emonstrat|ed that automat|ed |imag|e-bas|ed 

class|if|icat|ion syst|ems prov|id|e mor|e cons|ist|ent d|iagnost|ic ass|essm|ents than 

conv|ent|ional manual |exam|inat|ions, th|er|eby r|educ|ing th|e l|ik|el|ihood of d|iagnost|ic 

|errors [4], [12]. Mor|eov|er, s|ev|eral stud|i|es hav|e |emphas|iz|ed that th|e d|ev|elopm|ent 
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of automat|ed malar|ia d|et|ect|ion syst|ems |is part|icularly valuabl|e |in h|ealthcar|e 

fac|il|it|i|es w|ith l|im|it|ed acc|ess to tra|in|ed m|icroscop|ists. Cons|equ|ently, d|e|ep 

l|earn|ing-bas|ed malar|ia class|if|icat|ion syst|ems hav|e th|e pot|ent|ial to s|erv|e as 

r|el|iabl|e cl|in|ical d|ec|is|ion support tools by prov|id|ing fast|er, mor|e obj|ect|iv|e, and 

standard|iz|ed d|iagnost|ic outcom|es [13]. 

Bas|ed on th|e |ex|ist|ing body of l|it|eratur|e, s|ev|eral |important r|es|earch gaps 

can b|e |id|ent|if|i|ed. F|irst, to th|e b|est of th|e author's knowl|edg|e, no study conduct|ed 

|in |Indon|es|ia has |inv|est|igat|ed th|e appl|icat|ion of V|is|ion Transform|er (V|iT)-bas|ed 

mod|els, part|icularly th|e Sw|in Transform|er arch|it|ectur|e, for automat|ed malar|ia 

class|if|icat|ion. S|econd, pr|ev|ious stud|i|es hav|e not |explor|ed a hybr|id fram|ework that 

comb|in|es th|e capab|il|ity of Convolut|ional N|eural N|etworks (CNNs) to captur|e 

f|in|e-gra|in|ed local f|eatur|es w|ith th|e Sw|in Transform|er's str|ength |in mod|el|ing long-

rang|e cont|extual d|ep|end|enc|i|es. Th|ird, th|e major|ity of |ex|ist|ing r|es|earch has 

focus|ed pr|imar|ily on class|if|icat|ion accuracy as th|e ma|in p|erformanc|e |ind|icator, 

wh|il|e compr|eh|ens|iv|esuch as pr|ec|is|ion, r|ecall, th|e F1-scor|e, and th|e ar|ea und|er th|e 

r|ec|e|iv|er op|erat|ing charact|er|ist|ic (ROC) curv|e (AUC), hav|e r|ec|e|iv|ed 

comparat|iv|ely l|ess att|ent|ion d|esp|it|e th|e|ir |importanc|e |in ass|ess|ing d|iagnost|ic 

r|el|iab|il|ity |in m|ed|ical |imag|e analys|is. F|inally, th|e |int|egrat|ion of |Expla|inabl|e 

Art|if|ic|ial |Int|ell|ig|enc|e (XA|I) approach|es, part|icularly Grad|i|ent-w|e|ight|ed Class 

Act|ivat|ion Mapp|ing (Grad-CAM), r|ema|ins l|im|it|ed, r|educ|ing th|e |int|erpr|etab|il|ity 

of class|if|icat|ion r|esults and th|e ab|il|ity to |id|ent|ify b|iolog|ically m|ean|ingful |imag|e 

r|eg|ions that contr|ibut|e to th|e mod|el's d|ec|is|ion-mak|ing proc|ess. 

Th|e nov|elty of th|is study l|i|es |in th|e d|ev|elopm|ent of a Hybr|id CNN–Sw|in 

Transform|er arch|it|ectur|e for b|inary malar|ia class|if|icat|ion (|inf|ect|ed v|ersus 

un|inf|ect|ed), th|e compr|eh|ens|iv|e |evaluat|ion of mod|el p|erformanc|e us|ing mult|ipl|e 

cl|in|ically r|el|evant m|etr|ics, and th|e |int|egrat|ion of Grad-CAM to |improv|e th|e 

transpar|ency and |int|erpr|etab|il|ity of th|e propos|ed mod|el. By comb|in|ing th|e 

compl|em|entary str|engths of CNNs and Transform|er-bas|ed arch|it|ectur|es, th|is 

r|es|earch a|ims to d|ev|elop a mor|e robust and r|el|iabl|e automat|ed malar|ia d|et|ect|ion 

syst|em. Ult|imat|ely, th|e propos|ed approach |is |exp|ect|ed to contr|ibut|e s|ign|if|icantly 

to th|e advanc|em|ent of art|if|ic|ial |int|ell|ig|enc|e-bas|ed malar|ia d|iagnos|is by prov|id|ing 
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a solut|ion that |is mor|e accurate, adaptive, interpretable, and suitable for practical 

clinical implementation. 

1.2. Research Problems 

Based on the foregoing discussion, the research questions investigated in 

this study are formulated as follows: 

1. How can a Hybrid CNN–Swin Transformer model for binary malaria 

classification be designed and implemented to effectively combine the local 

feature extraction capability of CNNs with the global attention mechanism 

of the Swin Transformer? 

2. In what way can Explainable Artificial Intelligence (XAI) through Gradient-

weighted Class Activation Mapping (Grad-CAM) be employed to improve 

the interpretability of Plasmodium-infected blood cell classification by 

revealing the image regions that drive the model's prediction? 

3. To what extent does the proposed Hybrid CNN–Swin Transformer model 

outperform the individual CNN and Swin Transformer architectures when 

evaluated using clinically relevant performance measures, including 

accuracy, precision, recall, F1-score, and the Area Under the Receiver 

Operating Characteristic Curve (ROC-AUC)? 

4. How can the proposed classification model be incorporated into a web-

based prototype to facilitate rapid, accurate, and user-friendly malaria 

detection? 

1.3. Research Objectives 

The present study is intended to develop and assess a Hybrid CNN–Swin 

Transformer model for the binary classification of malaria in microscopic blood 

cell images, distinguishing between infected and uninfected cells. The proposed 

architecture combines the ability of CNNs to capture discriminative local features 

with the Swin Transformer's capacity to learn global spatial dependencies from 

microscopic images. Model performance is comprehensively evaluated using 

clinically relevant metrics, and its transparency is further improved by 

incorporating Explainable Artificial Intelligence (XAI) techniques, specifically 
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Gradient-weighted Class Activation Mapping (Grad-CAM), to generate visual 

interpretations of the model's predictions. 

1.4. Research Significance 

 This research is expected to contribute in several ways 

1. For the Researcher: 

A. To provide practical experience in designing, training, and comparing 

modern deep learning architectures, particularly the Hybrid CNN–

Swin Transformer model, as well as applying Explainable Artificial 

Intelligence (XAI) techniques. 

B. To enhance expertise in medical image analysis, including image 

preprocessing, data augmentation, hyperparameter tuning, and model 

performance evaluation using multiple clinically relevant metrics. 

C. To develop practical skills in building a web-based medical detection 

system that can be implemented in real-world healthcare applications. 

2. For Healthcare Professionals and Clinical Laboratories: 

A. To provide an AI-assisted diagnostic tool capable of analyzing 

microscopic malaria images more rapidly, accurately, and 

consistently.   

B. To reduce reliance on manual microscopic examination, which is 

susceptible to subjectivity, particularly in healthcare facilities with 

limited numbers of trained microscopists. 

C. To improve the transparency of the proposed model by generating 

interpretable visual explanations through Gradient-weighted Class 

Activation Mapping (Grad-CAM), thereby strengthening clinicians' 

confidence in its diagnostic predictions. 

3. For Researchers and Readers: 

A. To contribute to the existing body of knowledge on the development 

of Hybrid CNN–Transformer models for medical image 

classification, with a particular focus on malaria diagnosis. 

B. To provide a comprehensive comparison of the performance of CNN, 

Swin Transformer, and Hybrid CNN–Swin Transformer architectures 

in binary image classification. 
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C. To establish a foundation for future research on automated diagnostic 

methods for other tropical infectious diseases. 

1.5. Scope and Limitations 

 To ensure that the study remains focused and well-defined, the following 

limitations are established: 

1. Class|if|icat|ion: Th|is study|i|is l|im|it|ed to b|inary class|if|icat|ion of m|icroscop|ic 

malar|ia |imag|es, cons |ist|ing of two class|es: |inf|ect|ed and un|inf|ect|ed. 

2. Mod|els: Th|e study's scop|e |is l|im|it|ed to thr|e|e arch|it|ectur|es, nam|ely 

Convolut|ional N|eural N|etworks (CNN), Sw|in Transform|er, and th|e 

propos|ed Hybr|id CNN–Sw|in Transform|er mod|el. 

3. |Int|erpr|etab|il|ity: Mod|el |int|erpr|etab|il|ity |is ass|ess|ed |exclus|iv|ely us|ing 

Grad|i|ent-w|e|ight|ed Class Act|ivat|ion Mapp|ing (Grad-CAM). 

4. Datas|et: Th|is study |employs th|e publ|icly ava|ilabl|e N|IH Malar|ia Datas|et 

acc|ess|ed through Kaggl|e, wh|ich cons|ists of 27,558 m|icroscop|ic blood c|ell 

|imag|es, |includ|ing 13,779 |inf|ect|ed sampl|es and 13,779 un|inf|ect|ed sampl|es. 

Th|e or|ig|inal datas|et lab|els ar|e r|eta|in|ed throughout th|e study, and no 

add|it|ional annotat|ion or r|elab|el|ing proc|edur|es ar|e appl|i|ed. 

5. Data Spl|itt|ing: Th|e datas|et |is part|it|ion|ed |into tra|in|ing, val|idat|ion, and 

t|est|ing s|ets w|ith a rat|io of 80%, 10%, and 10%, r|esp|ect|iv|ely, us|ing a 

strat|if|i|ed sampl|ing approach to |ensur|e that th|e class d|istr|ibut|ion r|ema|ins 

balanc|ed across all subs|ets. 

6. Syst|em D|ev|elopm|ent: Th|e propos|ed syst|em |is |impl|em|ent|ed as a w|eb-

bas|ed prototyp|e |int|end|ed for r|es|earch purposes and does not encompass 

clinical validation or integration with hospital laboratory information 

systems.

  


