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Abstract

Road traffic management is a fundamental and multidimensional challenge within transportation
systems, exerting a direct impact on public safety, economic efficiency, and environmental sustainability.
The province of Chaharmahal and Bakhtiari, due to its strategic geographical location, plays a critical
role in connecting various regions of Iran. Therefore, a precise analysis of the traffic structure of this
province’s roadways is essential for improving the quality of data-driven planning and decision-making
in the transportation sector. In this study, road traffic-counter data collected during September were
utilized. These data include key variables such as the average number of vehicles in five different classes,
instances of traffic violations (namely speeding, tailgating, and illegal overtaking), as well as the average
speed on various road segments. The data were analyzed using three unsupervised learning algorithms:
k-means clustering, hierarchical clustering, and autoencoder-based clustering. To assess the accuracy
and performance of these algorithms in segment clustering, three well-established evaluation metrics—
Silhouette score, Davies-Bouldin index, and Calinski-Harabasz index—were employed. The results
demonstrate that the autoencoder and hierarchical clustering models offer a more accurate
classification of road segments compared to the conventional k-means method, revealing latent traffic
structures more effectively. Based on the findings, the roads in the province were categorized into two
distinct clusters: the first cluster includes segments with the highest traffic volume and the highest rates
of speeding and tailgating violations—indicative of risky driving behaviors and elevated accident risk.
The second cluster encompasses segments characterized by safer traffic patterns. The primary
contribution of this research lies in the integrated application of multiple advanced clustering
algorithms alongside diverse performance evaluation metrics, which significantly enhance the precision
and robustness of the analysis. Furthermore, the combination of technical and behavioral traffic
variables within a unified data-driven framework enables the extraction of deeper insights into traffic
behavior patterns. The proposed framework is generalizable to other regions and can serve as a novel
model for the intelligent management of roadway networks.By providing accurate and actionable
analytical tools, this study has the potential to support decision-makers in raising awareness, optimizing
resource allocation, designing safety strategies, and ultimately reducing accident rates. To extend and
enrich this line of research, future studies are encouraged to incorporate temporal (e.g., seasonal)
analyses, integrate human and environmental variables, and develop hybrid predictive models in the
transportation domain.

Keywords: Unsupervised learning, clustering, traffic structure analysis, autoencoder, speeding violation,
tailgating, Chaharmahal and Bakhtiari Province.
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2. K-Means

3. Autoencoder

4. Hierarchical

5 Silhouette coefficient
¢ Davis—Bouldin

7 Calinski-Harabasz
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3o alons slodl il (6 S0l slaeis oSl L 5
L oadplxl slaiogh 5l cws 25T 5 ok Oladlas
Sledbl V)9S slael, Copde 5 e sled b 4 anxlye
ol lrosls a4 bae  gleesls g jledosy
o 28L )3 VF Y Lo oloygn s )0 (6 ktSug Jlore e

ole yg0 5 ;0 oaliiud (glaosls 4 by Dledbsl -
Obwl gosl> o e 355 jeme £V 0 VPV Lo
385 Sledbl as” cul S8 bls el (g lisug Jloe o
el ol Amsay 55T VWA Jlo Sl lajleds
3 9 Ogd oo Sl (g lednn 5 Alelus l das O g0
5 «lis) sebar ba>(y9 S jget DMl (pl ole 2 LY
2 pshie 058 e S8 50 Glai )b s, » siele
Sg oo yAPtie g8y b oS SH L aS Jlados i jeee
03— o el asle caf, b cd, cer
oolddsgezme (pl 0 cddcld slayurie el (lacds)
oo (g 900 Adi dlwg diwd b £o5 gme pb Jolis
olass jlore e Aol alsg sluwd lre e e Al
LY .loyfo odmw .Ia..»ﬁm CL oy g )L’ZAJ-\.C Ly alsx
LY .105.1),47 OMW uLC)Ua‘ aS Cenl )Lo.....u)..)).v )9 £y
Cwlodds 03)5] ws.u B Ao )5.‘04.: Lmu]

Jolss Al alwg s b g9 o woldacgosme oyl 4o
Ao «ily g (5 lgm baualid G Alws 7y Al gy
(s 9 S SlapgelS 9 Cigeals saimslis g
9y 00 3l S Jgexe loyenlS Baims i dw diws
T s Sl 5 omsl G Sl & oo jgmedn
el jozme s 3 VL Sl g bk 5 Baceslas

fod Ze (Sl bl ey dagie it
Caslodls i abgrpe jeme 40 (s &dE flwg glsl
Sl olrg )093 olass jloxe s dlold Calsw slaws 3 jelate
21 Oty 9055 b 4l g Sy Jloj Aol o5
Wlos S5 cole; abgiye jezme )0 anlds Aoy S o ol
3 ads Lilog olawd loe s Cas pus s slasws 5l jglate
S 570 1 ) 85 Sl abgyye jyme 1o Sloj ojl S
Sledbl ) &Sl Jdoas caslails jlxe ey 3l SV
P Nighie S gl lojl Ay ailjg; 500
s 2 Slp ol 3 piie ja Lawgie Hla 0)9e gl
o pxio ol iloais alsl )] wlal o Judog g dlore
boasksl o caloss 00,51 (V) Jgo 0 aodls j5ba
30 5 u.».x.oa )‘ 4...!5‘ u’_)l.t))‘ ‘W?" J—.L?u )| (_g)..fo).@a
Joeds 00l slajgome )3 9 )5 3590 ddlaie ) lag 095
b 0oy slaygome fpnd g Landeis okiieds Cuismed tol
2 S b omile 650l ladas l wlin slasSll
gl jehaieds wal colainl g llé gla s,

! https://141.ir

PO 2la ¥ oLl 1FF Jlo


https://141.ir/
http://jsdp.rcisp.ac.ir/article-1-1435-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-28 |

S9U 031 a3 4S9 I o3l b (s )lisg Jlxe )lip Yliml sdo S (SSudl )3 Hlidlw Juxs

<

adgl laasies oloul b SKho - kb (gunadiss 1 6!
abgs 35 ye p 5005 4 0dls bl ol Jlisws g 09 e ]
L& ol p atigs 3510 ()] 5l s 09 o0 00l Larass
Lamass 4 > cpl aigd co 9,4 Wi Badesls olais]
S abee bl Gl B Slujsee Sl g LIS
Gl LS s L sl ol ads slagarass
LVA g 05591 3 o0 cyoess

-k saudig> Syee 0 s Sledbl S sl
Glize ol 9 o2by Gl ezl (SKle
g anzlye [V 59 5 il 4 (gjluads

il -k gussadigs V-
oile 650l oSl S (e Sile - K goialg>
k aQ oo‘od&w ASJ ‘1,.........9.) LS‘)" aS ol u)Ua.u 9
Lassgs sl jo 0 oSl ol 0gd o colainl iee dligs
o 5o g ol olpaas YAV Jlo 0wyl o)l
ooy o5 ol W1 T (855 S o VAPV
soae) 5 2D 5 Sole a5k -k

g oa odlaiwl (gglSeols

ools Judox 50 suloslasiw! sl o :(Y - Jgu)
(Table-1): Variables used in data analysis
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(Figure-1): Schematic traffic map of Chaharmahal and Bakhtiari province
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(Figure-2): Classification map of the roads in Chaharmahal and Bakhtiari province
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(Figure-11): Dendrogram diagram in hierarchical clustering
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(Table-4): Characteristic of the clusters obtained from the clustering algorithms
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