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RESEARCH ARTICLE

A Model for Screening Patients with Kidney Stones using

Image Classification Techniques

Anupong Sukprasertl’*, Namfon Dangphong’chong1 and Theerayuthr Chantra'

ABSTRACT

This study aims to develop a model for screening kidney stone
disease using CT scan images from 6,454 diagnostic exams. We
analyzed these images employing the Cross Industry Standard Process
for Data Mining (CRISP-DM) and utilized four different image
classification techniques to build and assess the model's performance.
The accuracy of each method was compared using the Welch Test at
a significance level of 0.01. The results indicated significant differences
in the mean accuracies across the techniques. Further multiple
comparisons using Dunnett’s T3 test showed statistically significant
differences between each technique pair at the 0.01 significance level.
Among the techniques evaluated, k-Nearest Neighbors yielded the
highest average performance metrics: an accuracy of 92.64%, an f-
measure of 80.72%, a sensitivity of 76.84%, and a specificity of 96.34%.
This method is deemed most suitable for developing a preliminary
screening model to assess the risk of kidney stones, thereby
potentially reducing the diagnostic workload on medical personnel

and accelerating the diagnostic process.

Keywords: Image Classification Techniques, Kidney stone screening

model, The comparison of model efficiency.
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Figure 1 Examples of CT scan images taken from CT kidney dataset
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Figure 2 Support Vector Machines Algorithm
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Figure 3 k-Nearest Neighbors Algorithm
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nagouUTEanSnInvesdaLuumAIANLLUY ANUTEANSAINlaeTIn ANl wagA1T e wagd
MIATIEdMIUNAdeUALLUTUTIU (Analysis of Variance: ANOVA) Lilevadeudusigiuinimade
mssuunUssinvdeyanmililumAdeifvsavinmmesmssuundssnvdeyaunndnatunelsl Tagld

ALRALYDIAIAULNUINYIINTVIAdU TiszautiidAgyeadia 0.01 Jlinadnsas Table 3

Table 3 Analysis of Variance of Image Classification Techniques using Welch Test

Levene Statistic Sig. Welch test Sig.

37.27 0.000* 528787.57 0.000*

* at 0.01 significant level

910 Table 3 LLEWN[’«Iaﬂ’]iaLﬂi’]%ﬁﬂ?’mLﬁ?ﬁu“ﬂ@ﬂﬂ’mMLLU?‘U?T’LJ“UENLVlﬂ‘Dﬂﬂ’]i’iT’]LLUﬂﬂixLﬂW

(%

Joyan1n 4 wadla MeA1 Levene Statistic FaflAvinfu 37.27 wazan Sig Wi 0.000 (Sig. < 0.01) &

LYV a o

ANURENTIANSEAUTEAIAYNNIALA Y8R0 ANLUTUSIUTDIRWRABTDIRNLIUl UL azIMATIATY

o Y aa

WANASIY NSEAUNEAAUNI9ADS 0.01 J919aDR Welch Test TuNISNAABUANULANFAIIUDIANLRALVDY

o

o
o

ANUBUUNAIINNATANITTILUNUSLLANVDUANINGG 4 tNATA NUIHAT Welch  Test  f@1uinfiu

Y

= a1 Y

528787.57 wazA Sig. 1AU 0.000 (Sig. < 0.01) FafiAdounInAIszAUTEAIAYNAIAUA BUI8AIINT
ALRREYvRIRLLINTY 4 nalladanuuanseiy Asedudeddgvneada 0.01 anduideliinisvageu

ANULANAYBANATANTTIUNUTENNTOLANTNLUUNTAMAIETS Dunnett T3 Fslyinadnsas Table 4

J. Sci. Innov. Sustain. Dev. (2023) Vol 5 | Issue 1 | June 2023



RESEARCH ARTICLE

Journal of Science Innovation for Sustainable Development
https.//ph01.tci-thaijo.org/index.php/|SISD/index

Table 4 Testing differences in multiple pairwise comparisons of image classification techniques

using Dunnett’s T3 method.

95% Confidence

0] ) Mean
Interval
Classification Classification Difference Std. Error Sig.
Lower Upper
Techniques Techniques (-))
Bound Bound
SVM 9.36367 0.15421 0.000* 8.8019 9.9254
k-NN Random Forest 7.16167 0.15360 0.000* 6.6012 7.7221
Naive Bayes 16.76500 0.15355 0.000* 16.2047 17.3253
Random Forest -2.20200 0.01566 0.000* -2.2579 -2.1461
SVM
Naive Bayes 7.40133 0.01518 0.000* 7.3466 7.4560
Random Forest Naive Bayes 9.60333 0.00665 0.000* 9.5802 9.6265

* at 0.01 significant level

(%

910 Table 4 uanian 1T ULUUTEANTAINANTIUUNUTELANTBY AN ML UUNYAUAETT
Dunnett’s T3 nuitAiedsvesdinnuuiuiildainnissuunussiandoyaninis 4 wada yngd
AuLAnAfuegalitoddyvneadffisedu 0.01 f\]’]ﬂﬂguﬁe,]ﬁqf&lwﬁLﬂi’]%ﬁ‘m’]ﬂl’lLQ%EJLL@EE%’JHL‘TJ‘IENLUU
Wy YR UsEAvEnmusImsiuunyssamdeyanmusssuuudmiumsdansesitaelsadilulase

gAMLY AUsEANSA NIResIL AAull wagA1I e §i9 Table 5

Table 5 Mean and standard deviation of performance in image classification across all four

techniques

Image Classification Techniques
Classification

k-Nearest Neighbors Support Vector Machines Random Forest Naive Bayes
Performance
3 S.D. 3 S.D. 3 S.D. 3 S.D.
Accuracy 92.64 0.84 83.28 0.080 85.48 0.029 75.88 0.02
F-measure 80.72 0.93 40.08 0.37 48.64 0.13 46.58 0.82
Sensitivity 76.84 1.52 26.30 0.25 32.39 0.11 48.54 0.29
Specificity 96.34 0.10 98.74 0.049 99.88 0.01 83.30 0.06

271 Table 5 wansriadsuardudsauumnesguressyansnmnssuunyssandoyaniwiis 4
wadia wui madadiliriadsauuiugeaaie wadafioutulndfan Ssfiawiniu 92.64% sesasunde
wadadulsingy Ty 85.48% wazmadiailvidadsmiuusiutiosiian fe madaudniug Jedviiiy
75.88% Waflaflvianadoaszansamlnesiugeanie wadaieutulndfign  deddwindu 80.72%
sesaunAe waladulitgu fuiifu 48.64% uagimedaiilianadsrUszaniamlngsuesiignfe
wadadnmefannnosuuedu Jeilvindy 40.08% wadailvaedsniuligsgade madadeutnlng
fian aflAvindu 76.84% sesatunde wiadlaundviud fvindu 48.50% uazmadaiiliaadoanulitios
flanfe aladuwoininmosunvdu Jeildwrindy 26.30% wazmaiailidedsnnudinzgegaio
wadadulitrdu Failawindu 99.88% seasnie nadadnnesninmesuuydu Siviifu 98.74% uay
wadiailviaedsanuduinetosiignde madandwiug dafldvindu 83.30% wazfidelsheadeves

AAuwivtewazmadauasaluwnugiuisiiewfouiisuussananmueswuy fwanslu Fisure 5
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The mean of accuracy for the study's comparison of image

classification.
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80.00%
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20.00%

0.00%

Support Vector Machines K-NN Naive Bayes Random Forest

Image Classification Technique

Figure 5 Comparing the Performance of Image Classification Models

971 Figure 5 wananisiSeuiisudssansnmussiauuunisdwunuszinndeyanin wuil wada
Weuthulndfign TAUssansnmueamssuunusziamdeyanmiiian Tnefldadevesnnuusiugsiian 9
fiewiniu 92.64% sesaunfe wadadulitigy Sanadunuudusiniy 85.48% uazmadaiiliaade
Anuusiutiosfianie mataudriug Sedawhiu 75.88% iy maliadioutulndfiandsinnumnzay

gadmsuihluimuiiieassiuuudmiunisdansesUlelsaiidlulasely

4. @3UNanIsAY

MNnMInAassasiLuuLazUTsuTisuUsEAnBaimuessuuudmiunsdansesiaelsaiilule
dheamidns CT scan Tagldtoyatievaataofldifururnlilul wa 2565 S1uausisdu 6,450 nw 3
Uszneusedeyanmans CT scan vasiftelsaiialul (5) uazdegyanimdrs CT scan vosauund (N) was
Inhdesgianunseuiunsuinsgiunmsimiiedeys ngldvatianisiuundszinndeyanin 31w
4 wiafla léun wedednmosnnnnesuusiu wadaieutnilndfian wadaudniud uazmadadulitngu
MntuinaUsuifisuUssansnmvesnisduundseinndeyadioaianuuiu AUszansnmlngsiy
ARl wazAd e Tngldlusunsu RapidMiner Studio Version 10 dwsumiseseudaya as1eiauuy
LazMFlATziteya Wevhmslinszsiteya wui madaieutuilndgs Wumadafinzdmiuiim
afemnuunisdansosiiaelsaialulalagldnimas CT scan 1losnliidiuszanBainvosnisdiuun
Uszinndeyanmiigeiian Taeddadevesiauusiuyingu 92.64% Aussavsnmlngsaminiu 80.72%
Ay 76.84% wazsunglindu 96.34% Faaenndesuisuves Verma, Nath, Tripathi, and
Saini (2017) AldAnwFesmsnneiuasmsszyiilils Wnglfimadaieutulndfigauazmaiadnmede
nnmesuueduy Afldauuduresdaneifiuainndt 85% dwmadwsildannsinseideyalundeilss
annsathdnuuildldiamndussuvasaumadmivnsdansesanudessfiislsadolulagisnim
Jesdu ilorasannissresiiuunmduazanindnlunsdanseaftaelsaialulaléBnmmis wagyinli
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