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Abstract This paper proposes a clinical decision support system that integrates SOM-based patient state
clustering with FHIR ontology mapping using patient data collected in IoT-based healthcare
environments. Patient state data exhibit high inter-individual variability and lack clearly defined labels,
which limits the applicability of conventional supervised learning approaches. To address this issue, a
Self-Organizing Map (SOM) is employed to identify latent patterns in patient states through unsupervised
clustering. The resulting clusters are mapped to HL7 FHIR-based ontology structures, enabling clinically
interpretable representations of patient states. Through this mapping process, clustering results are
transformed from analytical outputs into semantically meaningful information that can be integrated
with clinical information systems. Furthermore, patient states are categorized into stable, transitional,
risk, and high-risk levels to support clinical decision-making. Case-based evaluation demonstrates that
the proposed system can effectively assist in patient state assessment and clinical decision support. The
proposed approach provides a meaningful decision support framework that enhances both
interpretability and clinical applicability of patient state analysis results.

Key Words : Patient State Analysis, Self-Organizing Map, Unsupervised Learning, FHIR Ontology, Clinical
Decision Support
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{Table 1> Mapping between SOM-based patient
clusters and FHIR resources

Cluster Patient State FHIR Resource | Clinical Meaning
C1 Stabl_e /“Iovv Observation Rogtin}e
variability monitoring
2 Mo_de@te Observation Possible condition
variability change
C3 High variability / Observation Potential risk state
abnormal
. High-risk,
ca Irregular / sudden Observva‘non, immediate
changes Condition
assessment
o = =
43 U oAEYE XES flot 28 Zi 8
2 Aol A Ajksh= DAt AT A€ SOM 7]
Ellveioy 7&49} FHIR 2=24] H%]% Z2gste], &2t

250 ok, 29 Ao B4 A4S S o
Fo|, £E2A e o 2 499 A oule ¥

ol T 22 7]
o 7}~o}7ﬂ gt
A} Ay Bisto] digh a4
. BY ] AEirE Alztol whet
HE o2 2YOF ofFoh= A9, ol A A WSt
of gt Fast AsE sAE 5= St olFt HEE=
F7F AA 994 godolu X8 A 24} 22 At
24 oA A AeE L8 5
FHIR 7|9t 722 3dd #4 By 7|&
B A 2”30 AAE 7HsSHA ote] Q= zlo]

JH T

yi

o
o

e
1
O ok 10 oX,

B 57 gols B4 ) PRE BT 5 U=S

oh Z23H 02 A YL T e 1A A0S o
A oAb ROl AA2EA T 5 U FEE
AZeAe, 2UE A Jv] Rof 712L D) Fho

ush

22X AH He Fei,

=1
=

5. Al

AtEl HE

ARk A9 §EAE SHels] Sis) B A
dolgig sutoR Age Fgslsit. £ Aol

37N 9= dloE 4 BT} fARHA A4S 9 9
f 15 JRE ZIE X HloJEE Ak, AR
2 g HEket 7Rl 7 WS Rttt s AA Y
Skoitt. ol SOM 718t #33tet FHIR 97| Wi #+4
9] A& 7Fsd= ASSH 9% 8 7
A2 HolEo] SOM #A3HE &-&sto] AL A
B fgZ =&sl9lon, 3 Exo BA 125 4
o7 7+ 9 e B vuwslelth & AFE AT
A s Hlukth= ] AlAE0] 3t /‘]‘EH AT
oA A el 28 7HsTAE ERIsk=
;1(:!‘?. Folrt.
=5 3 Z3= FHIR 2884 +29} vjgsto]
0“0}75- ou|E 45ttt ZF 32 A HE/dTt o]
J A% 7FsAel met FEE 9l e, g 5492 FHIR
Observation & Condition AF&¥} AA=o] EHES
o ol 24 2} YHHC R i Thsdt HHE &

o>’

rIo

lo

nﬂx

88 4 982 HojEL:,

[Fig. 312 At A28 7]ube] Q4 o2 A9 &
£2 Uehich. 23 2ot ofu] Sy HuE 2T
24 olRAlo] B4t el BAH0R Bad 4 U
2 gorstgon, 21 1 A 93 ue B4 w
Mok o] BAT G4 A vlme] B8 75 e

et

‘ C1 Stable <1

Stable C2 High C3 Risk

Clinical Interpretation & Mapping

* Map Clusters to Clinical Concepts
* Assess Risk Levels (Normal, Moderate, High, Critical)

[ﬁH Risk-Based Decision Support
/ Monitoring Alert Generation
= Track Vitals * Generate Risk Alerts
® Flag Abnormal Values  ® Categorize Alerts by Risk Level & Gude Treatment ans

Intervention

* Recommend

[Fig. 3] Clinical decision support process

TR ARt dlole &olAE 2 F2ok 4 9
o] Zke] e di-go] BEEA 2, ol AIjket SOM

~FHIR &g 727t 9 A% Alde ot 712 =2
gz 82 5 e AR ot AA A

dlolg] 7jute] Hakd Wrier AR AFS YT A7
u—h]:}



180 AIEQIEN8=E=EX| M12¥ H135, 2026

6.

my

=

B =RoAE AERJHY o)A A== g4 b
olEglE tiCE SOM 74k S+ Ael #3skel FHIR
2522 wgS At I JAEH XY AlAES
Aorstgich. At AIAEIL Six} Al BA AiE ojF
dlole EEI Aot 9u] 7|Hte g sijHFho = A,
BN A3t AR A4 JAFEA] 28 = s A

A= At

B AFY] o= 3R} e B4 whegt ool
B BEAZ HsiA] 4, B4 Ade] g4 74
3 AAStGcH=
EH-’] XPxHX-1 uHE—] o
AWHo g =&31H, FHIR & ixl Wy olE A4
HHE A 2" A 73t oju] ThYjZ gkl o] E
5o omze At AHE Eot FEHoR olgfshil
oAEA oA B AIts Fad 4 9t
ok 2 A= AgtE glolEel Aluee 7Eke] B
2 1Z 2A0 sigate, A4l A4 dlold 7]uke] g
A e B7ret AEVE A50] FHHoE "l
5 Lo A= AA|ZE [oT HlolE] A9t dshd &5
S 5ol AL AAES] AAF AHE43 JArE
7)16S 1EsketaA}l gy,

REFERENCES

[1]1 S.Ashraf, MIgbal and S.Rizvi, “Internet of Things-Based
Healthcare Monitoring Systems: A Review,” Journal of
Medical Systems, Vol.45, No.1, pp.1-15, 2021.

[2] H.Miiller, J.Lee and S.Patel, “Unsupervised Machine
Learning Techniques for Health Record Clustering,”
IEEE Journal of Biomedical and Health Informatics,
Vol.28, No.5, pp.3450-3461, 2022.

[3] F.Martinez, L.Castro and P.Ruiz, “Patient Clustering
Techniques for Electronic Health Record Data,”
International Journal of Medical Informatics, Vol.162,
pp.104-119, 2023.

[4] T.Kohonen, “Essentials of the Self-Organizing Map,”
Neural Networks, Vol.37, pp.52-65, 2020.

[5] C.N.Vorisek, “Fast Healthcare Interoperability Resources
for Health Research: Review of Implementation and
Use Cases,” JMIR Medical Informatics, Vol.10, No.7,
pp.e35724-e35724, 2022.

[6] P.Fernandez-Breis, J.Martinez-Costa and R.Menarguez-
Tortosa, “Semantic Interoperability in Healthcare
Information Systems: A Systematic Review,” Journal of

[10]

[11]

[12]

[13]

[14]

[15]

Z H H(Gui-Jung Kim)

Biomedical Semantics, Vol.13, No.1, pp.1-18, 2022.

J.Klann, S.Hong and D.Knaup, “Clinical Decision Support
with HL7 FHIR: Current Status and Challenges,”
Yearbook of Medical Informatics, Vol.32, No.I,
pp.153-162, 2023.

M.Ayaz, M.F.Pasha, T.J.Alahmadi, N.N.B.Abdullah and
H.K.Alkahtani, “Transforming Healthcare Analytics
with FHIR: A Framework for Standardizing Clinical
Data,” Healthcare, Vol.11, No.12, pp.1729-1745, 2023.

G.Singh, S.Rai and M.Khan, ‘Integration of
Self-Organizing Maps and Advanced Analytics for
Healthcare Data,” Health Informatics Journal, Vol.29,
No.2, pp.1-18, 2023.

A.Roberts and T.Wang, “FHIR and Machine Learning:
A Clinical Data Pipeline Framework,” Journal of Healthcare
Engineering, Vol.2023, No.6, pp.1-15, 2023.

P.Tabari, G.Costagliola, M.De Rosa and M.Boeker,
“State-of-the-Art FHIR-Based Data Model and
Structure Implementations: A Systematic Scoping
Review,” JMIR Medical Informatics, Vol.12, No.I,
pp.1-16, 2024.

R.Gazzarata, “HL7 FHIR Implementation Guides and
Their Role in Healthcare Interoperability,” Artificial
Intelligence in Medicine, Vol.149, pp.102-114, 2024.

Time-Series
PLoS ONE,

AJaved, “Self-Organizing Maps for
Clustering in Healthcare Applications,”
Vol.19, No.4, pp.1-15, 2024.

D.Ali, R.Hassan and B.Singh, “FHIR-Based Data
Harmonization for Multi-Institution Clinical Studies,”
IEEE Transactions on Big Data, Vol.10, No.I,
pp.234-247, 2024.

A.A.Bayor, J.Li, .A.Yang and M.Varnfield, “Designing
Clinical Decision Support Systems: A User-Centered
Review of Design Characteristics and Challenges,”
Journal of Medical Internet Research, Vol.27, No.l,
pp.e63733-e63733, 2025.

B

" 199441 29 : Thesta AR
AFFSIE (ZoHAD

" 19961 29 : Fhdeist
AFFSIE (oA

= 20034 39 : Aot A
AFSI (P

AR

200149 99 ~ 20174 29 : A3t F3t w5
*2017d 39 ~ @A : et HHRETE B
B2

=EAUE8, LA TYHAILE, XSG A H LA AE



