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Abstract. K-Means is one of the most common clustering methods, but it has a
serious limitation. It needs the number of clusters (k) to be set before running, and the
wrong choice may lead to weak results. To deal with this problem, the so-called Dual
Mean Approach is introduced within the paper. Unlike standard techniques, it does not
fix k in advance but seeks the best k by considering together two measures: the average
distance between points inside a cluster and the average distance between points from
different clusters. The use of both at the same time allows seeing more clearly into
the structure of the data. The main idea is to balance compactness within clusters and
separation between clusters. Tests on a few benchmark datasets show that this approach
manages to estimate k values that are close to the actual labels. It also results in more
consistent results when compared to the Elbow Method.
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AnHotanus. K-Means — kiacTepiey/IiH KeHIHEH KOJIAHBUIATBIH 9/IiICTePIHIH
0ipi, anmaiiia OHBIH eJieyITi IeKTeyl 0ap. OMIICTI icke Kocmac OYphIH KIacTepiepaiH ca-
HbH (K) annbia ana Oenrijey KaxeT, al OHbIH AYPBIC TAaHIaIMayhl KIIACTEPIICy HOTHIKE-
JIEpiHiH CalachIHBIH TOMEHJCYiHEe oKeyl MyMKiH. OCBl MOCEJICHI ey MaKCcaThIHIa
makanaaa Dual Mean Approach (Koc oprama MoH Tocini) yebiHbIIaAbL. JocTypai ofi-
CTEpJIEH albIPMAIIbUIBIFBI, OYJI TOCUT K MOHIH anipiH ana OeKiTrel, eKi KOpCeTKIITi
— KJIaCTep iMIIHJeTi HYKTeJep apachlHIarbl OpTalla KallbIKTBIKTHI XKOHE dPTYPII Kila-
CTepIiepre >KaTaThlH HYKTEJIEp apachIHIAFbl OpTalla KallbIKTHIKTEI — Oipiecin Tanaay
apKBLIBI OHTAMIBI K MOHIH aHBIKTalAbl. EKI KepceTKimTi Katap maijaiany JIepeKTep
KYpPBUIBIMBIH HEFYPJIBIM HAKThl aHBIKTAayFa MYMKIHAIK Oepeli. OmicTiH Herisri uies-
CBI KJIaCTEPJICP/IiH 11K )KHHAKBUTBIFBIH JKOHE OJapAblH Oip-OipiHEH aKpIpay TOpeKeCiH
TeHrepyre Herizaeneai. bipHeie 3TaJoOHABIK JepeKTep KUBIHTHIFIH/A )KYPTi3UIreH 3KC-
MEPUMEHTTIK CHIHAKTAP YCHIHBUIFAH TOCUIAIH HAKThl TaHOAJAHFAH KJIACTepJIep CaHbIHA
*akbIH k MoHZIepiH THIMII Oaranail anaTelHBIH KepceTTi. COHBIMEH KaTap, YChIHBUIFaH
omic Elbow Method oficiMeH caibICTBIpFaHIa HEFYPIIBIM TYPAKThI HOTHKETIEp Oepeti.

Tyitinai ce3nep: nepexTepai MHTEIUICKTYANIbI TANAAY, KIACTePIICPiH OHTANIBI
caHbIH aHbIKTay, K-Means kmacrepneyi, Dual Mean oici.
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AnHoTanus. K-Means siBJIsIeTCS OTHUM U3 HanOoJee pacrpoCcTpaHEHHBIX METO-
JIOB KJIAaCTEpU3aIlUU, OTHAKO OH MMEET CYIIECTBEHHOE orpanndenue. [lepen 3amyckom
anropuTMa HEOoOXOAMMO 3apaHee 3a7aTh KOJIUYECTBO KiacTepoB (K), U HeMpaBUIBHBIN
BBIOOp TAHHOTO 3HAYCHUS MOXKET NIPUBECTH K HU3KOMY Ka4eCTBY pe3yinbTaToB. Jliis pe-
IICHHSI 3TOM TPOOJIEMBI B CTaThe MPEJIaraeTcsi METO JBOWHOTO CPEIHETO 3HAYCHHUS
(Dual Mean Approach). B omiiname ot cTaHIapTHBIX METOOB, TAHHBIHN MOIXO/ HE (HUK-
CUpYyeT 3Ha4YCHHE K 3apaHee, a OmpeAeNseT ero ONTHMAILHOE 3HAYCHHE MTOCPEICTBOM
COBMECTHOTO PACCMOTPEHHSI IBYX ITOKA3aTEJICH: CPETHETO PACCTOSIHHSI MEX Ty TOUKAMU
BHYTPH KJIacTepa U CPETHETO PACCTOSIHHS MEXK/Ty TOUKAMU, IIPUHAIICKAIUMHI Pa3IIny-
HBIM KJ1actepam. OJHOBPEMEHHOE HCITONL30BAHUE ITUX MTOKA3aTeNeH MO3BOISIET Oojee
TOYHO BBISIBUTH CTPYKTYpy HaHHbIX. OCHOBHAsI WJes METoJa 3aKtoyaeTcs B oOecre-
YeHUH OallaHCca MEXTy KOMIIAKTHOCTBIO KJIACTEPOB M MX Pa3leIMMOCThIO. Pe3ynbrars
TECTUPOBAHUS Ha HECKOJIBKUX 3TAJIOHHBIX HA00pax JaHHBIX TTOKA3AJIH, YTO TPEIJIOKEH-
HBIH TTOIXO/I MO3BOJISIET OIEHUBATh 3HAYCHUS K, ONn3Kkue K (pakTHuecKoMy KOJTHYECTBY
knactepoB. Kpome toro, o cpaBHenuto ¢ Metoaom Jokts (Elbow Method) on obecre-
9UBaeT 0oJiee CTAOMIIBHBIE PE3YJIbTATHI.

KiroueBble ¢j10Ba: MHTEIUICKTYalIbHBIN aHAINU3 JAHHBIX, OMPEICICHUE OITH-
MaJIbHOTO KOJINYECTBA KJIACTEPOB, Kiactepusanus K-Means, MeTo IBOMHOIO CpEHETO
3HAYCHHUS

Jis umtupoBanus: Haiizabaesa JI., Typken I, [lpy6a P.A. (2026). Db dexTus-
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KondumKT nHTEepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUH KOH(IUKTa UHTEPE-
COB.

Introduction.

Cluster analysis is crucial in anomaly detection, where it helps identify outliers or
unusual patterns in data, such as fraudulent transactions in finance or faults in industrial
systems. Clustering is not an easy endeavor, as it depends on several factors such as the
choice of the features to be considered as well as on the type of method to be adopted
(Tokuda et al., 2022). In the context of the accelerating digitalization of economic
processes, the integration of statistical analysis into the operational activities of enterprises
is becoming critical for maintaining their competitiveness (Lyazat Naizabayeva et al.,
2024). In natural language processing, clustering may group similar documents or detect
the topics within large corpora of text. In healthcare, it helps in patient segmentation to
make personalized treatment based on their common characteristics. Besides, clustering
techniques in recommendation systems have been widely used so that users with similar
preferences will be grouped together, and hence, the presentation of more relevant
content can be enabled. Therefore, clustering is adaptable and plays an important role in
extracting structure from unlabelled data. Among various types of clustering algorithms,
K-Means is one of the most widely used and effective ones. It basically divides data
into a given number of clusters regarding similarity. The most frequently used method
of measuring similarities is by the Euclidean distance. So, the sum of the squared errors
for each cluster is minimized when a good solution is reached. K-Means is preferred
due to its simplicity, efficiency, and easy implementation. However, it suffers from some
drawbacks-sensitivity to the initial placing of centroids, and the user should specify the
value of k in advance. A number of modifications and adaptations have been made for
overcoming these challenges with a view to improving clustering accuracy.

Materials and methods.

Related work

To deal with these limits, researchers in different fields have suggested improved
algorithms. Their goal is to make clustering more accurate, less sensitive to starting
conditions, and more stable across different datasets. Clustering is an important part of
data mining because it helps to find patterns and improve decisions. Study (Mahnoor
Chaudhry et al., 2023) reviews work on algorithm improvements, evaluation metrics,
and optimization strategies to guide researchers and improve clustering results. Research
(Wang et al., 2021) introduces extreme clustering, which builds on peak clustering. It
can detect low-density clusters better and reduce false noise, showing strong results
across datasets and real-world use. The work in (Conceigao et al., 2023) combines SHAP
values with XGBoost to create interpretable clusters based on feature importance. On
a malware dataset, it finds hidden groups that normal clustering misses and improves
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explainability through supervised learning. Study (Erich Schubert et al., 2021) speeds up
the PAM clustering algorithm by making its SWAP phase up to 1191 times faster while
keeping the same clustering quality. This makes PAM more useful for large datasets
and many clusters, and also improves related methods like CLARA and CLARANS.
Work (Liu et al., 2021) proposes a density and separation metric, similar to the dual
mean approach, that estimates the best number of clusters without needing a preset k.
This improves accuracy by balancing compactness and separation. Publication (Kim
et al., 2022) suggests a new validity index that also balances intra-cluster compactness
with inter-cluster separation, improving the reliability of finding the right number of
clusters on different datasets. Analysis (de Oliveira et al., 2020) improves the Elbow
method with silhouette analysis, allowing automatic selection of the cluster number by
balancing cohesion and separation for better accuracy. Publication (Ghosh et al., 2023)
introduces a hybrid approach that uses both density and distance metrics to find the
optimal cluster count, improving accuracy and adaptability across data types. Finally,
analysis (Zhang et al., 2021) presents an automatic k detection method based on the ratio
of average intra-cluster to average inter-cluster distance, which is closely related to the
Dual Mean approach.

Methodology for optimal K determination

This study presents an improved method for determining the optimal number
of clusters (K) in the K-Means clustering algorithm. To validate the effectiveness of
the proposed approach, we compared the results with those obtained using the widely
adopted Elbow Method on the same datasets. The optimal K values identified by both
methods were found to be consistent, demonstrating that the improved method reliably
determines the appropriate number of clusters. This validation confirms the method
accuracy and practical applicability in enhancing K-Means clustering performance.

Determining the optimal number of clusters k: Average distance within the i-th
cluster

k

1
Ei = Z —Z x — M2
n; 4
xeD; i=1
(1)
Cluster-interval distance
k
1
E0 — EZ 1M, — M2

=1 )

Let Direpresent the i-th cluster, ni be the number of samples in the i-#4 luster, and
k represents the total number of clusters. M; is the centroid of the i-th cluster, and M is
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the centroid of all the data, the ratio of E; to E0), i is calculated, where:

«  E;represents the intra-cluster error (sunt of distances between data points and

their cluster centroid);
« Ej} is the total error from the overall data centroid.
When Ei reaches a local minimum (i.e., decreases the fastest), the optimal
E;

number of clustErs is determined. However, El in practice, is sometimes not monotonic
and may fluctuate. To handle this issue, the two formulas are improved separately. First,
the average intra-cluster distance is calculated. This is defined as the average of the
sum of distances between the data points in each cluster and the corresponding cluster

centroid. The formula is:
= Z I — M 2

xeD; i=1 3)

Where 7 is the total number of samples. The smaller the value of d, the more
compact the data within the clusters, indicating better clustering performance.

Next, calculate the average inter-cluster distance €. The average inter-cluster
distance is defined as the average of the distances between the centroids of each cluster.
The formula for calculating ¢ 0 is as follows:

do = k(k_uiiinm - My, J|2(G <)

i=1 j=1i=1

4

The larger the inter-cluster distance (., the smaller the similarity between
clusters, and the better the clustering performance (Kim et al., 2022). Finally, calculate
the ratio of the intra-cluster average distance to the inter-cluster average distance, and
name this value the value. Its expression is as follows:

dd = d/d_n 5

This value can be used as a criterion for evaluating clustering performance. When
the samples within a cluster are compact and the distances between clusters are large,
the clustering effect is generally better, and the dd value is smaller. Conversely, if the
samples within a cluster are scattered or the distance between clusters is too small, the
clustering result is poor, and the dd value increases. The larger the dd value, the worse
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the clustering effect. Clearly, when the value reaches a local minimum, the clustering
performance is optimal, and the corresponding k is considered the optimal number of
clusters. This method of determining k is called the Dual Mean Method.

Improved Algorithm Description

To address the subjectivity and instability in determining the number of clusters
k in the traditional K-Means algorithm, this paper proposes an improved method based
on the Dual Mean Ratio (dd value) to automatically determine the optimal number of
clusters. This approach simultaneously considers intra-cluster compactness and inter-
cluster separation, making it more adaptive and accurate. The main steps of the algorithm
are as follows:

» Initialization: Set the initial value of to 1, and calculate the EE value (sum of

squared errors or energy function value) at this point.

» Incremental increase of Increase by 1 and recalculate the EE value, recording
each result.

* Determine the optimal : As increases, run the traditional K-means algorithm
for each value and record the resulting EE values. Choose the that results
in a local minimum of the EE value as the optimal number of clusters, and
finalize the value.

» Select the initial cluster center: Randomly select the first data point from the
dataset as the first cluster center.

* Repeat the selection: Continue randomly selecting data points from the
dataset until initial cluster centers are chosen.

» Calculate distances: For each sample point in the dataset, calculate the
distance to the nearest cluster center, denoted as

» Update cluster centers: Based on the value for each point, new cluster centers
are selected. The selection is based on probability, where the probability is
proportional to In other words, points closer to the current centers are more
likely to be selected as new cluster centers.

* Repeat the update: Continue repeating previous step until all cluster centers
are selected and updated.

* Run the K-means algorithm: Use4. the determined optimal value and the
updated initial cluster centers to perform clustering using the traditional
K-means algorithm.

Through the above steps, we can implement an enhanced K-means algorithm
based on optimized initial cluster centers, improving the efficiency and accuracy of the
traditional method.

Results and discussion.

Experimental results and analysis

The experimental environment for this study consists of an Intel CPU, 16 GB of
RAM, a 500 GB hard drive, Windows 11 operating system, and R software. To evaluate
the improvements of our proposed method compared to previous methods, we conducted
a comparison using the Dual Mean method, the EE method from literature (Wang et al.,
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2021), and the commonly used Elbow method.

Description of the Improved Algorithm

The K-means algorithm with optimized initial cluster centers can be described
as follows Figure 1.

Initialize k = 1 and compute EE
value

)

Increase kK by 1 and recompute EE

*

Record EE for each kK

Determine optimal k (where EE
stabilizes or loecally minimizes)

+

Select the first cluster center
randomily

+

Repeat to select K cluster centers

-

Compute D(x): distance from &ach
sample to nearest center

T

Update cluster centers based on i
D=}

*

| Get the cluster center

*

Run K-Means with optimal k and
updated centers

Fig. 1. Flowchart: Description of the Improved Algorithm.

The ELBOW method is a simple yet effective technique (de Oliveira et al., 2020)
for determining the optimal number of clusters in k-means clustering. It is widely used
in practical applications, especially when there is no clear prior knowledge. Therefore,
we use a comparison with the experimental results of the Elbow method to validate the
effectiveness of the Dual Mean method.

Core idea of the ELBOW method: As the number of clusters kkk increases,

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License s
335



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

the samples are divided more finely, and the cohesion within each cluster gradually
increases, causing the within-cluster sum of squares (WCSS) to decrease (Ghosh et al.,
2023). When kkk is smaller than the true number of clusters, increasing kkk significantly
improves cluster cohesion, resulting in a substantial drop in WCSS. When kkk reaches
the true number of clusters, further increasing kkk yields diminishing returns, causing the
rate of decrease in WCSS to drop sharply and then gradually flatten. In other words, the
plot of WCSS versus kkk forms an ELBOW and the point of this ELBOW corresponds
to the true number of clusters in the data.
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Fig. 2. Evaluating Optimal k Using Three Techniques Across Three Datasets.

The three datasets used in this study are all public datasets: swiss, USArrests, iris.
The Swiss dataset is a classical dataset commonly used for teaching and research in data
mining and machine learning. It contains several statistical variables about Switzerland,
including Fertility, Agriculture, Examination, Education, Catholic, Infant Mortality, and
Region. Its advantage is the small number of variables, which facilitates interpretation
and visualization.

The USArrests dataset is a classic R dataset containing crime rate data for 48
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U.S. states and Washington D.C., including four variables: Assault, Murder, UrbanPop,
and Rape.

The iris dataset is one of the classic datasets in machine learning and statistics,
containing data for 50 samples of each of three Iris species (setosa, versicolor, and
virginica), with four features: sepal length, sepal width, petal length, and petal width.

All the above public datasets have simple data structures, contain multiple
features and types, and are widely used in research, which ensures the authenticity and
reliability of the results. Therefore, we used these three public datasets for the study.
Among them, the iris datasets are known to have three classes, while the swiss and
USArrests datasets do not have a clearly defined class structure.

The experimental results are shown in Figure 2. The optimal kkk for all three
methods was determined at the point where the y-axis value drops most rapidly. Using
the EE method, Dual Mean method, and Elbow method, the optimal number of clusters
for these four datasets was found to be 3.

We also compared the time required to determine kkk by the Dual Mean method
and the EE method across different datasets. The time difference is calculated using the
following formula:

.E'E—dfdf>< 100%

EE (6)

The running time differences of the two methods on the four datasets are shown
in Figure 3. From Figure 2, it can be seen that the running time difference between DD
and EE ranges from 5% to 25%, indicating that the Dual Mean method has better time
performance than the EE method. This demonstrates that the Dual Mean algorithm is
more efficient.

iris

USArrests

Data set

SWISS

i] 5 10 15 20 25
Difference in timing (%)

Fig. 3. Performance time comparison of the Dual Mean and EE approaches.
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Conclusion.

This work represents an improved approach to finding the value of k in K-means
clustering and overcomes one of the critical challenges that arise when using traditional
techniques. In particular, the dual-mean method provides a proper balance between intra-
cluster compactness and inter-cluster separation, hence becoming more powerful for
finding the real structure of data. Its intuitiveness and simplicity to implement make it
particularly appealing for users who do not have an extensive background in data science.
On the other hand, the potential areas of application could include image segmentation,
social network analysis, and customer segmentation in marketing. Future testing and
refinement will consider a wide range of datasets, while integration with other clustering
algorithms will be investigated for further improvements in the accuracy, adaptability,
and computational efficiency of the proposed method.
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