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Abstract

Sex estimation of human skeletal remains is one of the fundamental steps in bioarchaeology and forensic
anthropology, providing crucial demographic information about past populations and assisting in forensic
identification cases. Traditional methods, such as the Buikstra-Ubelaker standard, offer valuable frameworks
but suffer from subjective interpretations, interobserver variability, and regional morphological differences.
To address these challenges, this study not only develops two fuzzy inference systems (FIS) designed to
estimate the sex of skeletal remains based on morphological features, but also aims to highlight the potential
of fuzzy logic in anthropological and archaeological studies. The first fuzzy system is constructed according
to the Buikstra-Ubelaker standard, treating selected cranial traits equally and using predefined feature weights.
The second system is developed based on empirical osteological data collected from 128 Iranian skeletal
samples, integrating both cranial and pelvic features. Fuzzy rules were extracted systematically using decision
tree modeling, enhancing the data-driven nature of the second system. Both fuzzy inference systems were
developed using a Mamdani-type architecture and implemented in the Python programming environment.
Validation of the models involved applying the first system to a dataset of 50 individuals and the second

system to a dataset of 19 individuals, all with sex estimations previously made by experts and confirmed
through DNA analysis. The Buikstra-Ubelaker-based system achieved an accuracy rate of 48%, whereas the
empirical-data-based system demonstrated 83% accuracy. Findings indicate that fuzzy inference systems, par-
ticularly those built on empirical, population-specific data, can provide more accurate and objective sex esti-
mations than standard-based methods. Further refinement in membership function design, feature weighting,
and dataset expansion is recommended to optimize performance and enhance the applicability of fuzzy sys-

tems in archaeological and forensic contexts.

Keywords: Fuzzy Inference System, Sex Estimation, Archaeological Anthropology, Forensic, Osteological
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Introduction

Sex estimation from human skeletal remains is a core aspect of
biological anthropology, archaeology, and forensic science. Deter-
mining the biological genderof skeletal individuals enables re-

searchers to reconstruct past demographics, understand social the most widely utilized.
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structures, and aid legal investigations. Over the decades, numer-
ous morphological methods have been developed to estimate sex,

with the Buikstra-Ubelaker standard (1994) standing out as one of
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Despite its widespread application, traditional sex estimation
methods ate not without limitations. The subjective nature of
scoring morphological traits, observer bias, and varying expres-
sion of sexual dimorphism across populations all contribute to in-
consistencies and inaccuracies. Additionally, these methods often
do not account for the continuous variation present in human
skeletal morphology, simplifying complex biological realities into
binary categories.

Recent advances in computational methods, particularly artificial
intelligence and fuzzy logic, have opened new avenues for han-
dling uncertainty and imprecision inherent in skeletal sex estima-
tion. Fuzzy inference systems (FIS) provide a mathematical frame-
work capable of modeling degrees of membership rather than
rigid classifications, making them ideal for interpreting ambiguous
or intermediate morphological traits.

This study proposes the design and evaluation of two distinct
fuzzy inference systems aimed at estimating sex from skeletal re-
mains. The first system is developed based on traditional stand-
ards, specifically the Buikstra-Ubelaker method, and treats all mor-
phological features with equal significance. The second system is
constructed using empirical data collected from Iranian skeletal
samples, thereby aiming to develop rules that are tailored to spe-
cific population characteristics.

Through this research, we seek to assess the efficacy of fuzzy logic
in skeletal sex estimation and explore how data-driven approaches

compare to traditional standards in terms of accuracy and reliabil-
ity.

Methodology

The study followed a structured methodological framework in-
volving the following key phases:

1. Data Preparation

For the standard-based system, five cranial features (nuchal crest,
mastoid process, supraorbital margin, glabella, and mental emi-
nence) were selected in accordance with the Buikstra-Ubelaker
scoring guidelines. Fach trait was scored on a five-point ordinal
scale, with 1 indicating a strongly feminine trait and 5 indicating a

strongly masculine trait.

Results

The standard-based fuzzy inference system, constructed on Buiks-
tra-Ubelaker guidelines, achieved a classification accuracy of 48%.
While it demonstrated some success in distinguishing clear cases
of male or female morphology, it struggled with intermediate

forms and ambiguous features.

For the empirical-data-based system, a dataset consisting of 128
Iranian skeletal samples was utilized. This dataset included both
cranial and pelvic features, scored similarly on a five-point scale.
Only individuals with sex confirmed by DNA testing were in-
cluded to ensure ground truth reliability.
2. Rule Extraction and Selection
For the first system, rules were manually defined based on stand-
ard descriptions, assuming equal importance for all features.
For the second system, fuzzy if-then rules were extracted using
decision tree algorithms, enabling the identification of complex
interactions among features. This approach allowed for the crea-
tion of more nuanced and realistic rules that better captured the
biological variability in the population.
3. Fuzzy System Design
Both systems were implemented using Mamdani-type fuzzy infer-
ence architecture, consisting of:

e Input fuzzification: Mapping crisp feature scores to

"

fuzzy sets (e.g., " high possibility female," “possibly fe-

» n

, "indeterminate

" <

male , “possibly male”, " high possibil-
ity male ");
e Rule evaluation: Applying fuzzy operators (minimum)
to combine antecedents;
e Aggregation: Combining multiple rule outputs into a
single fuzzy set;
e  Defuzzification: Converting the aggregated fuzzy out-
put into a crisp value representing the sex estimation.
Triangular membership functions were employed for input fuzzi-
fication based on the range and distribution of feature scores.
4. System Implementation and Testing
The fuzzy systems were coded in Python, utilizing libraries such
as scikit-fuzzy. Validation was carried out by applying the first sys-
tem to a test set consisting of 50 individuals and the second system
to a separated test set of 19 individuals.
The performance of each system was evaluated based on overall
accuracy (percentage of correct classifications), along with addi-

tional analyses focusing on false positive and false negative rates.

The empirical-data-based fuzzy inference system significantly out-
performed the first system, achieving an accuracy rate of 83%.
This system showed a higher capacity to handle cases with inter-
mediate scores and demonstrated better alignment with verified

sex classifications.
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An in-depth error analysis revealed that the standard-based system
frequently misclassified individuals with ambiguous morphologi-
cal traits, due to its equal weighting of all features and its inability
to capture population-specific trait vatiations.

Conversely, the data-driven system benefited from its rules being
tailored to the specific morphological patterns observed in the Ira-
nian skeletal sample. This allowed it to assign appropriate weights
and interactions among features, resulting in improved classifica-

tion performance.

Discussion

The results clearly highlight the advantages of using empirical,
population-specific data for constructing fuzzy inference systems
for sex estimation. The standard-based system’s limited perfor-
mance underscores the risks of applying uniform standards across
diverse populations without accounting for regional variation in
skeletal morphology.

Several factors contributed to the superior performance of the
empirical-data-based system:

e  Feature Weighting: Not all morphological traits con-
tribute equally to sex differentiation. The decision tree
modeling process enabled the system to assign greater
importance to more discriminative features;

e  Population Specificity: Morphological expressions of
sex-related traits can differ significantly across popula-
tions due to genetic and environmental factors. Tailoring
the rules to the specific sample improved accuracy;

¢ Data-Driven Rule Formation: Instead of relying solely
on expert descriptions, empirical patterns were extracted
directly from the dataset, leading to more realistic and
comprehensive rules.

However, certain limitations remain. The empirical dataset, while
richer than predefined standards, was still relatively small and re-
gion-specific. Expanding datasets to include broader geographical
and racial diversity would further enhance model generalizability.
Additionally, improvements in the design of membership func-
tions, such as the use of adaptive or data-driven membership func-
tions, could yield further gains in performance. Future research
can focus on incorporating weighted fuzzy rules based on feature
importance, exploring ensemble approaches that combine multi-
ple fuzzy systems, applying fuzzy inference models to other skel-
etal elements beyond the cranium and pelvis, and investigating
scalability of systems for large-scale archaeological or forensic da-

tabases.

Conclusion
This study explored the potential of fuzzy inference systems (FIS)

for sex estimation based on skeletal morphology. Two systems
were designed and compared: one based on the Buikstra-Ubelaker
standard and the other built from empirical data collected from
Iranian skeletal remains. The results showed that while the stand-
ard-based system struggled with ambiguous cases and achieved
limited accuracy (48%), the empirical-data-based system per-
formed significantly better (83%) by accounting for population-
specific patterns and weighting features more effectively.

Opverall, the findings support the idea that fuzzy logic, especially
when combined with real data, can provide a more flexible and
accurate approach to handling uncertainty in sex estimation. In-
stead of forcing binary decisions, fuzzy systems allow for degrees
of membership and better reflect the complexity of human varia-
tion. Further improvements, such as expanding the dataset, refin-
ing membership functions, and combining multiple systems, can
help make these tools even more useful for archaeological and fo-

rensic applications.

Author Contributions: All authors contributed to the preparation
and writing of the manuscript.

Funding: This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit sectors.

Data Availability Statement: The raw data supporting the conclu-
sions of this article will be made available by the authors upon reasona-
ble request..

Acknowledgments: We would like to express our sincere gratitude to
the editor and reviewers for their valuable guidance that helped us revise
and improve the article. We also thanks Ms. Pegah Goodarzi, the PHD
student in biological archaeology at Fraser university, for her guidance in
the anthropology sections. It is notable that generative artificial intelli-
gence was used to design, editing the text and optimizing the codes. This
article is based on the first author s doctoral thesis on designing a fuzzy
inference system for estimating the gender of human skeletal remains in

the Department of Archaeology at the university of Tehran.

Conflicts of Interest: The authors declare that they have no known
competing financial interests or personal relationships that could have

appeared to influence the work reported in this paper.

Journal of Research on Archaeometry 2025, 11(2), 11210

3 of 21


http://jra-tabriziau.ir/article-1-462-fa.html
http://dx.doi.org/10.61882/jra.2025.11.210

[ DOI: 10.61882/jra.2025.11.210 |

Downloaded from jra-tabriziau.ir at 2:47 +0330 on Wednesday July 1st 2026

3oy oSl i olStilo

»

il &

e -]

\’. \

¥ |

Check for
updates

gy Ylio
Pl BABl s pedd gl 558zl dble o)
wbaiCSy y aallas 93 g ls Gl 0 bl

B lany mrp0 BT olS cuallJWS @7 g palb 350000 saw @ )l 108 e oo

ol e )05 ol e Sl ol g sl S el ybiols 09,5 ¢ olish lioly (257> (gl )
Ol 05 e a5 oSS (38 EASES ¢ sty pole Bt b Y

ol e g e oSty ¢ sl pole g sl 8ISt ¢ uolih loly 05, il ¥

Ol 0l o9 S5 liis S je Sitmgl ¥

ma kabitian@ut.ac.it :lslSe Jgtme *

VEFIYIY sl o

VESIEINY oMol 31
VEFIVIN i pdy

S ARARR

Copyright: ©2025 by the Authors. This
article is an open access article distributed
under the terms and conditions of the Cre-
ative Commons Atttibution Noncommer-
cial 4.0 International (CC BY-NC 4.0 li-

cense)

https://creativecommons.org/li-

censes/by-nc/4.0

sAS

> g (lidplinl 5 ulidplul Cldlas > (556 lsl, o Blaie b » (ng D9y Bre GiRgk ] Sum
Ay y ey ool BB sl (olidlisl 5 Sludl psle 5 (556 (lagdg, I oslaul 4 ol Sitnghy 4298
&3 gliiw! Sl 93 Lusly e 13 . Llody S & ludl Slgsein] slaaidly uis oo Slalllas (5 (6390 dalllas
by, elo Sy Loll 5 ailols 63 b sl 0 (gjlodlyy sl Slgscis] coadidly Luis oywess jolaie 4
ol Ly wlols (yagd anl S-S g0 3,150l ooy 1 stise Dlols lg) sl 035 2y gl
ol 2 8ol ) Wlorh i (30055 S 12 g 3,15kl Doy 2 g (i ol sl 5 1 85l Sy
Baa b balobs opl laid )5 )13 dalllas 3y90 yo5 (Slusl S5 3850 50 a8 Canwl 2,8 VWA & by yo Jlgzciw] didly
ool i el G g CBd Do 9 (Sl (gla s b by slallas (ialS gly g0 sla g,y sl
555 oozl gl clillas gy 5555 5 sadgr slaailobs shb 43 ol e balbels ol 5] soren o

it 03zl B i e Slilllas 5 (656 il codilelis &S md o 5 gl

wbﬁolw’ ol dl)bb.}l.} [WES ‘wudul ‘u"?’b US\MJ); (S (eSS sd)‘lé El;:;;;wl &lolw :L;..\ﬂ.lf Og)‘ﬁ

doddo .Y

@ Sl I plaisn (wldcsyy b p oS Skl S 5)lakl

253l (ol b ojlgan YU Ts €85 0 o el paasiio 3,3 Aoy
ilodgs ol e Sl (gllad 1Sl 5 YU & 55 4 5L

Slocuo b« gias gn saabls (S 54 5 5y5ld cépin b

S gl el osel oald aiej cal )3 bS5 €85 s el s

ol oy Coalad pae g il byl (ulispliol 5 Sl pols )

» bl g 225 psle gl Sl edlatl (A1 glaany )
gl Cur e Wil uldplinl oSS slagis
(Sl gl She (wlol j uin e ol adly isl58l oadbamsly
5 el (ulispll Sl ulel Jsol S0 olyse
s g poleo g Sl bcarex mrd ) ek I (SPB (SSp

)‘ odlaswl Al P o yo ‘_gl.bauf)” ..))I.) L&au] ) 9 GGLQA‘—LSJ&)B

https://doi.otg/10.61186/jra.2025.11.21

MY (V) VY OFF o o kol amgy


http://jra-tabriziau.ir/article-1-462-fa.html
http://dx.doi.org/10.61882/jra.2025.11.210

[ DOI: 10.61882/jra.2025.11.210 |

Downloaded from jra-tabriziau.ir at 2:47 +0330 on Wednesday July 1st 2026

Obles 5 s

o] glodisly uiz ot (sl 78 gliitiol Dlolo )b

el Ol & ¥ 50 > (g Ak (o 3l o 9y Gl Aelllae

O P Al Y ISy )3 iz (Ll g (e (eSS Sl by,
93 3 eyl )3 .05 Aalgd ool usei (o gliwl Hlolw ¥ 5w )3 ol
S gy )il olal S s izl Blol 93 & 5 8 Lise
Bl i (o3 Gl (28 oy bl 1 (6505 5 S
5 cou @ Shl pite p ale ) Dede (phb il Sl

A5 dalgd adlyy (g pSass

Slesl) 3,8 diej )3 aslllae cpiz g (ol 4 4B dad 4w 3925
Niccolucci et al,, 1996) sl 48,5 & ygu0 (owlid il ;5 (556 5laio 4
Ol degazes 4 lg5 0 o (ol 5l (Canal & Cavazzoni, 1990;
(o Jod Sl 536 glaie Sl sl wiile ()Ken 5 (1902 <25
(Niccolucci et al., 2001) _wld bl cbasl glaiols 5 uis
ol duglie 5 (63 Lol Sl oalitl b slid sl (ol ulisaiss
g wlusl, oS I uisy (Hermon et al., 2004) 5jl,e sl yosy b
ol liwl j3 (6518 Clasly o slate leslatwl 5)bys a8 awlid bl
Gy 3B lais jledlaiwl o (Niccolucci & Hermon, 2015) &S o cou
(Hermon & Sl clocSinp (e 5 Jloj blaze JSto Jo
9 250 iboh a4 lgi o Slalllas ,505 50,8 6Ll Niccolucci, 2017)
Jolis (bls)l 4 g jluleain dalllas 45 (6518 Julow 5l o jo &S )] Ko
Mutphy ) 853 o0 SbIKwl Cain )> (gladlaio 13 oz 5 Lodls dadsld
ale pollslezel clbls Sb5) L dlaly )3 11658 ddlllae (et al, 2018
Oibeh (Figuera, 2021) (g5l 2,Sugy 5 eolatwl b awlid bl
ol (65135706 (12 (536 haie 9 Slusly Sl e 5 ()5l
i jl a5 o) Kan ¢ (S15S dulllae ¢ (Migliorini et al., 2022) &5 o
Kafetzaki et al., ) uuS o odlitol oy Bg)ls  wlisdisS sly (551
58 oylil 3 dylge 4y e o (A3 (sl yimgly I 0,8 o)Ll (2023
che Jolos (i85 (556 skt jloslinul b & ) en 5 (53500 dalllas
$3gaiio) 3103)" () (el yg ad SrolSBgSus (5 e s 3,
Jsl adlas 3 & )Ken 5 gpals 5 adllas g5 (WWAF olSen
Zeo e ool sl Gl elo 4t 5 (636 sl 55bsS (cloo S
2 (Y5 e 5 o,ml) ol o ol W3,)lS el 51 (sligad g o
538 5lol 55 odlatul jolaieds  awlidsyliwl (slaodls (gjlu s pg> dnlllas
ik (A WAV hlSes 5 gial) cud w85 15 arg 30
5 ome Sladbyme ughy ¢l e ol 20 & len 5 adljlo e
w536 3haie 5 GIS 3l kil b Lo 5 Jlmosleer olil 5 K
(YR e g 00l5ls e (sane) 355 oo

pis b dpalye (sl oaBablid S (93)S09) U wiad ol 58S
8 lRiegn aagi 3y9e 1) (556 sl 5 3B Bhaie (dn iyl
oz o35 sly 5B gl Blolw I ad o Lwly ek j> e
Sl p S imgh ol @ly ) 2gb edlitl gl claasl
sobte (e 4 S (e |) Mt (93,509) 31> B g sl (wliS s,
Gaa b aS o3l o (556 gliw! Slolw g3 b g wyp 4 dlio oyl
Ol 2l & Stimgy oy ol i (o33 sl 3,509y ol (e
Phb Gl pdi b b o slalas 1l 5 290 sl )] )
dgi S Mgl g 508 g5 Ay 41 48 (53,150kus] ol wilabis o lg) o
VYA & bgyo sl (cloazily 5 odlitl b ol cyuop o cusl aily
slog)S sl Olgiee 1) ey cnl cal 0ad giluosly Sl el
32l 8 5l o oad 2 (5306 izl ol .85 4 (5SbsS (ol
sl o 5 el o plols (Automation) (g5l 8365 5 (sjludiesion
ol (Slgmiwl gedls

2 ol (San g ol ol 5ET 3 ooloitn gy &S Canl o
5 odliza] Bites a5 e 4 o Sdnghy Lol sl asls 1, Jbal
9o 2l g Cusl ()8 (ulidglinl 5 Sll pole 3 (556 sl sy,
Blate iz JB,50 sliel s ol plosl |y imggy cpl 05 )18 4298
ok 250y il shie By jl i U cul 556 ©lsl, 5 il
(Dubois  cul 039 Jlain! (s ka5 51 ooldiw] Cualad pac b )55 » (sl ys
90yl Jlaxs! cunle cualad pas &S dgs (ol il j5b g & Prade, 1988)
5 ol caalad pae nyl )3 a8 315 3g3g (63,90 Lol wanl il 5 56
U pge e 3835 Blobs 31 L oMbl sl S 4L s il
555 ) sl sl gl il il 5 s pole 55 3ylge ) 5L
b cslad pae 4 bgyyo Laid oS Jloinl &)l I eslitul sloay 3)l9e
oA e Sl ks 51 LSy A5 g pkae sSboS ol e il 5 ool
S0l & Cand (S (gl 03j 2 STl Bl &l o)l cnl
(Zadeh, « el & Lo gl (gl Lol S o oz Sl punlas
yme (Gaines & Kohout, 1975) cqS 5 315 dlia 31 pleJI L 1, 1978)
el elyy sl (gl a5 el &y L5 (Dubois & Prade, 2015) 3,8
93 ol ©olds &S che )] (Agarwal & Nayal, 2015) cowl cosld pac
pleel 5] Jeols cmbad s (sl (Sl &l o8 o (] w550 08, 1y 4y
Jezsl 5 Lol (Agarwal & Nayal, 2015) ¢l ledbl 539 a8l 5
Slold g Bolar (il Sise 45 3l 38 Cupalad pas I 298 s
wald Ol &jlai (gl (b b S 5B sladsgere &yjlai .
(Zadeh, ol 03,8 ] Jlaio] &y 5 U5 3 03151 &y s dosl a5sle 138 e
1965)

YVilo

MIVY oY) WY OFF omw bl anghy


http://jra-tabriziau.ir/article-1-462-fa.html
http://dx.doi.org/10.61882/jra.2025.11.210

[ DOI: 10.61882/jra.2025.11.210 |

Downloaded from jra-tabriziau.ir at 2:47 +0330 on Wednesday July 1st 2026

Obles 5 s

o] glodisly uiz ot (sl 78 gliitiol Dlolo )b

A5l e ol 5L 350 (gl lied zlymeinl sl &S olaciound
Syl dan (sl g Cusl oy s B9y ol S g
oddcdl sblh sl oS olSin oguadds oy odlaiwl LB
(Thomas, 2020) L ab;
el imy pow gy sz laz 50 Llgl (il 50 00d 4B S S 4 b,
238 o 418 00 oKL 5

&3 il alolw &
olfoi—)fl J..c‘95 9 WIJ P e L;Lbddl.ol.w ‘L;)'Lé cL.w.ul LngABLoL»
CalS S a1y i ol L S le o ailol oyl 1 eoliul b aiius
gord Akl aods j5ba (WYA () Sen 5 Slg) 35 hoas (Jad eé
=51 aelgd 5l clasgea 39l Cund 4 (651 gliw] Llobw G e lo
U"‘ ws)_v ey) :\J>).o Lol )Jaa dy90 :\u.n) L uwb.n D‘)Bl )l ‘5)13 blfui
LS sl yssy 5 Jaol cdelsd pl oS 5wl daly Blolw < )3 aelod

bl e ol bl 556 Blolw g5 5l (b plaS” 2 aS 5l
S sl 43 ailols o 5l 5 025231 (S ) il el
hos dlowg 4 )b ol (gly dilols £95 ol .l 0 o3lazwl (Mamdani)
Slolw IS Wy, (Mamdani & Assilian, 1975) &b Syme ldow! o

(V JS8) conl 5 JSs wle  lies

Fuzzy Rule Base

—- [y zzifier Defuzzifier T

xinU Ly yinV
Fuzzy Inference | ‘
Engine
fuzzy sets fuzzy sets
inU ~inV

(Wang, 1997) lies g5 5l )6 gzl ol IS Inle ) IS5

Figure 1. General steps of a Mamdani-type of fuzzy inference system

da£34,9 (Fuzzification) (sjlw il ol Al yo 8 j1 Slies &ilobus
Jlesl eg56 (Implication) pl3kl Jles! « g6 (Operation) ,Sles Jlos!
S5 (Defuzzification) (il siye 5 (5l (Aggregation) auess
Lol 0045
ol 288 Jle S olal oo ol 51 P08 o it s sl
b heey Sy cpbelel gl Sles 5 gl Blelw

&Sl ol (Sl GlagFa wlobw opl Tad salgd 03y s gi g o

» babls g6 opl 5l 43 (o5 zlumwl aalbls b akaly )
oldliol ) Lol fanl oad edlinl Cato 5 (5 (55165 (slaisu
2 oxdpbul s imggy I cunl 485 )18 x5 3)90 oS £99e
4 u‘?’@ L;»qul...wb Pl L;)'lé cL.w.ul Lgbbd..?l.ol.w )‘ o3lasl L Alag‘)
olidplach 3 (B ki 20l Glgie b ad)wlis)lS dbLl
5 (VWRY <ol (i Aosh 5 oblidn> (clo 5,55 (0390 stollls)
(Taheri et al,, 2019 ¢ G YAV ¢, Ken 5 (5,0lb) o) 5l 7 5ciume Yo
..))S o)Li)\

Ol lgsiw] i (o 22 S (09;
3)5 ool od sl & Glgin 1) i oy n SBUB9y JSHsba
(Klales, 2020)
b lgmaiwl S5 g py8 5l oolatwl b gy cpl j0 i awlidcoy, @
g lpyd b dawlie 5 desmes wile baplgsuinl I (slaegozme
ole Slllls 5 3 o] iz ol 1 i oSl S0
Ciygo & gy op) .Aﬁ)"b),:L;o RS (eSd A (Bilodd asude
Jhisl b g s shopd b g AS b yasuie |y uins ald
Hom ol)@
syl glaojlul I edlaiel b hey oyl 40 g pSoilil e
5 &S 3 lkewl glaoslusl b Laa"j duwlie 5 oyl caliseo (sla iz
Bgod B> (asuie olie iz » Glp g (095 Cuner o
Oy gy Hle w09y (nl D9 iz (eSS A 3)90
Caol ol yorn Jloin] g las |
sy, )b jlas olaedly by, cpl o tls oSl g bl e
)90 d)hj sl gy 5l eslawl b Slode] Cowd 4 g pSolull g
o xe55 )3 85 ()Mol (gl gy S oo )18 el g 408
Wlaod oy 5Sodp— S wlo (620l LU Lol fodles ouac 4L
kernel probability ) J& 5]y ¢ (k-nearest neighbor)
4i3)S )5 dxgi dy9e Ipdl by by Cpicmen Cuwl (density
Judoi 5 4355 g (machine learning) cpble (Sl dile !

geomettic  morphometric )

(Klales et al., 2020) (analyses
el iz S Sl U9y (PSS Uy ol rsloles e
ok 3l (i) 0395 5 Ol g Slzeil bk sl pogaday
ol 3 odlazal el Lol qogee g atadl Jlssl gLl 5 (i
Lk Slogal Sblk oS cpl Jol )l 3925 (guoll Ao 93 3

g sk awshy 1) (S g oY kb cloles gl

Yyl F

MIVY oY) WY OFF omw bl anghy


http://jra-tabriziau.ir/article-1-462-fa.html
http://dx.doi.org/10.61882/jra.2025.11.210

[ DOI: 10.61882/jra.2025.11.210 |

Downloaded from jra-tabriziau.ir at 2:47 +0330 on Wednesday July 1st 2026

Obles 5 s

o] glodisly uiz ot (sl 78 gliitiol Dlolo )b

O Jlo 53 .05)1> 2935 diseS 9 s plilinl 93 Slies (sladilolu
Wges (gly a8 Cawl Lo oyl ol sl o oolitw] digeS ikl 5l 5,
oS plol oSl il lie b ail Chns loss 1) G oacls
P ool ML A e cunS o ¥ closd cuiS Cogae 4y ST (cul
Mo oy yieS Hlade B €aS» (295 Cogae b ke pl il dls o

.(Y‘ ‘-}SAA)) .)9»)& )9)}(& «5°9)9 92 wya& 4> €L°“>‘

poor

o 10

service Is poor

A
0 10

service is good

excellent

10 10
service is excellent

(Mamdani and Jle g 0o wiuns <y (556 slodegome 43905 ¥ JSWG
Sugeno Fuzzy Inference Systems, 2024)

Figure 2. Fuzzy set diagrams for poor, good and excellent
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Figure 3. Implication diagram

LL &S olude coled 5o quapdy jhiel Ve Bl loss g 1ie cuas 4 |5

ul u»)‘wdl)) Asrg.:)l.) odeld dw )9“’6" uo)ﬁ XS Ml?u |) ‘-V.lb.).; PL’)]

w»-s u_sl)lo \) 31t El::.:.'.’.,.ul alolis M\?@

plul Jlade o8 )] sl by 13 b il Cims loss 31255 8acls
ol oS

ol bawgio plal Hlade o5 o sl Lgd loss (51193 bacls
e olS o endly i o 138 b 0l Jle closs 5 raw 5asl
ol 3L plol

HISC R ] Z_':“”?" ‘) J>‘).a odeld dw L)"‘ L)"L‘"‘ »

g3y cls yo oyl 43 :la 644 (Fuzzification) (gjlw ;e
3l oalazwl b I8 pl g o Jods (5B yolde & dilobw (g34e
@ ($39y9 Mo yp &S JSB (pl 4 25 (o0 g0 Cugie mly
Wb o polaidl hye g5l ladcgeme > Cogas &2 S
5 Olodd CuaS 63959 «ion 3y50 o 45 (Zadeh, 1965)
CutS 5 Jlo g Lo ctnd diwnd dw (Olodd CudS A lie
26 SO L ojly ol 5l plS o oyly plas o g b dtwd 90 i
e gosre diges (gl Cawl 08 Ly dlobw (6l (5516 degeme
(Y JS8) cosl oy St 4 Jlo g 09 ccinmd sbaojly (556

)

b Yose Ve U ol cbess cuas 5l b colsy e ST

Gy e g ot s gy &S (651 sladcgome 4 dng L |

Cond dy e o /50 Y ciy a byl ST e el Cogac dnyd (2,8

@ Olosd olS5T il ¥ Slosd 4y Lo 0yes ST 45 cusline o 4 ol 0] o

ol Jle o g CgBeIF0 wiuns /Y e

Lb yiSo ol ) 1556 (Set Operators) (gl dcgoome sla,Klos Y
d9>9 "lg'" 9 "9" )iLo& 93 .)9‘3 ul?wl olcld P ‘_g‘)J WL.A )iLo&
01el8 ;D 09 o o3l o] 5l aclgd Ll b g g5 dtuy 45 050

Sloss )f]) Cawl 0l ol odlaiuwl "L.’." Sas 5k 590 e SO

(b w1 b sl Cams
dml,s gkl :g;6 (Implication Operator) plilinl Sloe ¥
las gazme 10 o 62959 Cuguis dyd dgSs LS o asuie &S Cuwl

i o 5l 593 Syl 85,35 o 5 aeleB a6

2 9dise 3 (BB L) (28 Jlde (S1) 0aslB paie yi iy

A

MIVY oY) WY OFF (omw bl anghy


http://jra-tabriziau.ir/article-1-462-fa.html
http://dx.doi.org/10.61882/jra.2025.11.210

[ DOI: 10.61882/jra.2025.11.210 |

Downloaded from jra-tabriziau.ir at 2:47 +0330 on Wednesday July 1st 2026

Obles 5 s

o] glodisly uiz ot (sl 78 gliitiol Dlolo )b

0%

S

30%

2elg8 dad e oS )5 5l Juols ailolos (295 Jloges & JSWS

Mamdani and Sugeno Fuzzy Inference ) ;B degoomo S &0 4

(Systems, 2024
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Figure 6. Buikstra-Ubelaker standard
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Table 1. If-then rules based on Buikstra-Ubelaker standard

Principle

If Nuchal Crest is 2, then sex is “possibly female”
If Nuchal Crest is 3, then sex is “indeterminate”
If Nuchal Crest is 4, then sex is “possibly male”

If Mastoid Process is 2, then sex is “possibly female”
If Mastoid Process is 3, then sex is “indeterminate”
If Mastoid Process is 4, then sex is “possibly male”

=
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If Supraorbital Margin is 4, then sex is “possibly male”

NN DN — = = =
N — O O 0o 3 U;

If Mental Eminence is 2, then sex is “possibly female”

N
(S8}

If Mental Eminence is 3, then sex is “indeterminate”
24 If Mental Eminence is 4, then sex is “possibly male”

If Nuchal Crest is 5, then sex is “high possibility male”

If Supraorbital Margin is 3, then sex is “indeterminate”

If Nuchal Crest is 1, then sex is “high possibility female”

If Mastoid Process is 1, then sex is “high possibility female”

If Mastoid Process is 5, then sex is “high possibility male”
If Supraorbital Margin is 1, then sex is “high possibility female”
If Supraorbital Margin is 2, then sex is “possibly female”

If Supraorbital Margin is 5, then sex is “high possibility male”

If Supraorbital Ridge/Glabella is 1, then sex is “high possibility female”
If Supraorbital Ridge/Glabella is 2, then sex is “possibly female”

If Supraorbital Ridge/Glabella is 3, then sex is “indeterminate”

If Supraorbital Ridge/Glabella is 4, then sex is “possibly male”

If Supraorbital Ridge/Glabella is 5, then sex is “high possibility male”
If Mental Eminence is 1, then sex is “high possibility female”

25If Mental Eminence is 5, then sex is “high possibility male”
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Table 2. Frequency distribution of sex estimation in the case study set
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Table 3. Constructed rules
Row Principle
1 If Prominence_of_glabella is 3 and flexion_of_ramus is 2, then the sex is possible_female
2 If Prominence_of_glabella is 3 and flexion_of_ramus is 3, then the sex is possible_male
3 If Prominence_of_glabella is 4 and sacrum is 3 and flexion_of_ramus is 4, then the sex is possible_male
4 If Prominence_of_glabella 4 and sacrum is 3 and flexion_of_ramus is 5, then the sex is high_possible_male
5 If Prominence_of_glabella is 4 and sacrum is 4, then the sex is high_possible_male
6 If mandiblis 4 and mastoid_process is 2, then the is sex is possible_female
7 If mastoid_process is 3 and Prominence_of_glabella is 4 and mandible is 3 and supraorbial_margin is 2, then the is sex possible_male
8  If mastoid_process is 3 and Prominence_of_glabella is 4 and mandible is 3 and supraorbial_margin is 3, then the sex is neutral
9 If mastoid_process is 3 and Prominence_of_glabella is 4 and mandible is 4 and nuchal_crest 4,then the sex is possible_male
10 If mastoid_process is 3 and Prominence_of_glabella is 4 and mandible is 4 and nuchal_crest is 5, then the sex is neutral
11 If mandible is 4 and mastoid_process is 3 and Prominence_of_glabella is 5, then the sex is possible_male
12 If mandible is 5, then the sex is high_possible_male
13 If flexion_of_ramus is 3 and pubis is 2, then the sex is possible_female
14 If flexion_of_ramus is 3 and pubis is 4, then the sex is possible_male
15 If flexion_of_ramus is 4 and sacrum is 3, then the sex is possible_male
16 If sacrum is 3 and flexion_of_ramus is 5, then the sex is high_possible_male
17 If flexion_of_ramus is 4 and sacrum is 4, then the sexis high_possible_male

odbadlsl acled .iJjJ@
Table 4. Added rules

Row Principle

1 Ifnuchal crestis 2 and mastoid_process is 2 and supraorbial margin is 2 and Prominence_of_glabella is 2 and mandible is 2 and
flexion_of_ramus is 2 and pubis is 2 and sacrum is 2, then the is sex possible_female

2 If nuchal_crest is 4 and mastoid_process is 4 and supraorbial_margin is 4 and Prominence_of_glabella is 4 and mandible is 4 and
flexion_of_ramus is 4 and pubis is 5 and sacrum is 5, then the sex is high_possible_male

3 Ifnuchal_crestis 5 and mastoid_process is 4 and supraorbial_margin is 4 and Prominence_of_glabella is 4 and mandible is 4 and
flexion_of_ramus is 4 and pubis is 5 and sacrum is 5, then the sex is high_possible_male

4 If nuchal crestis 5 and mastoid_process is 5 and supraorbial_margin is 5 and Prominence_of_glabella is 5 and mandible is 4 and
flexion_of_ramus is 4 and pubis is 5 and sacrum is 5, then the sex is high_possible_male
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Figure 17. Membership function diagram for Supraorbital Margin
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Figure 18. Membership function diagram for Mastoid Process
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Figure 21. Membership function diagram for Flexion of Ramus
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