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Abstract 

The paper introduces a novel intelligent modeling system of a railway cargo delivery 
which combines queuing theory and station-level technological activities to model the 
manner in which re-handling and waiting processes produce delivery delays. The pro-
posed model is in contrast to the available literature, which focuses more on routing or 
time management; it clearly connects processing of the stations, queue behavior, and reli-
ability of the delivery in one decision system. When applied to a real-life railway route, 
the optimization of technological sequences is demonstrated to decrease delivery time and 
congestion rates significantly, as well as decrease the possibility of punishment in case of 
late deliveries. These findings show that the study is original in terms of the presentation 
of a data-driven and operationally based approach on the enhancement of railway freight 
performance. This study introduces a shipment-type-specific intelligent delivery model 
that integrates queuing theory with real station technological processes. Unlike existing 
approaches focused mainly on routing or average travel time, the proposed framework 
explicitly accounts for wagon processing sequences, re-handling operations, and delay-
risk assessment. Validation on the Khamza–Bukhara corridor demonstrates a reduction 
in intermediate re-handlings from four to two and total delivery time from 68 h to 54 h, 
confirming the operational and economic effectiveness of the model. 

Keywords: railway freight transportation; delivery infrastructure modeling; queuing  
theory; technological station processes; shipment-type differentiation; intelligent decision 
support systems; delivery time optimization; logistics reliability 
 

1. Introduction 
Railway freight transport is one of the fundamental pillars in modern logistic systems, 

as it boasts high carrying capacity in addition to energy efficiency and environmental sus-
tainability. However, rail systems still face the constant issues of delivery delays, over-
crowding in between stations and ineffective use of infrastructure, especially where the 
transportation of goods of differing kinds and technology demands different technologi-
cal processing and routes [1]. It has been operationally demonstrated that reliability of 
delivery depends more on station wagon processing and re-handling than route length 
alone [2]. 
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Train formation, station processing, and traffic control determine the performance of 
the railway freight systems to a significant extent. Mesoscopic simulation and analytical 
models have proven that interaction between train movements and terminal operations 
creates bottlenecks that greatly constrain network capacity [3]. Station operations can be 
viewed as mass-service processes where queue dynamics prevails in terms of perfor-
mance, and waiting time explodes as arrival rates approach the service capacity [4,5]. 

Recent studies affirm that the causes of the delays in a railway are a complex inter-
play of technological, operational, and stochastic factors. Any small interruption in station 
processing will spread across the network and have a substantial negative impact on the 
reliability of delivery [6,7]. This effect is further enhanced by constraints in yard and track 
capacity, which cause conflicts and queue formation with high utilization, even when the 
schedules of the trains are not impossible [8]. 

The real-time optimization and rescheduling techniques that have been designed to 
manage delay propagation are primarily focused on train conflicts instead of wagon-level 
technological processing in the various types of shipments [9,10]. Logistics-wise, it can be 
seen that delivery performance is not merely based on the length of the route but also the 
number of intermediary handling operations. Intermodal and containerized transporta-
tion studies indicate that minimization of re-handling steps leads to great enhancement in 
delivery time and dependability, even with a greater distance [11]. Poor scheduling of 
railways thus has a direct impact of increasing the cost of transport and losses through 
delayed delivery [12]. 

Although these improvements have been made, the current research and the infor-
mation systems used in railroads are insufficient to consider the various kinds of goods 
needing different technological steps and priority decisions in the stations, including 
route shipments, wagon consignments, group shipments, small loads, and containers [1,2]. 
The use of technological chains and delivery-deadline risk are not intensively optimized 
in current systems and are mostly only captured as wagon movements. 

This disparity drives the creation of a smart delivery infrastructure model that unites 
queuing behavior, technological procedures at a station, and variation of shipment types. 
The current study offers this kind of framework to minimize needless re-handling, mini-
mize the number of wagons, and make railway freight delivery more reliable, faster, and 
cost-effective. 

2. Literature Review 
Performance in railway freight delivery is largely influenced by the way wagons are 

handled at the stations by means of inspection, sorting, marshaling and train formation. 
Such technological processes generate stochastic waiting times that usually surpass the 
line’s pure running time. Consequently, the corresponding railway freight system can be 
viewed as a queue-based service network where the congestion in transit stations can have 
a strong influence on the overall time of delivery. 

Recent research has further strengthened the view that rail freight reliability must be 
evaluated beyond train punctuality, incorporating logistics-chain performance using sim-
ulation-based approaches. Agent-based models combining microscopic rail simulation 
with freight network logistics show that reliability can deviate substantially from opera-
tor-centric punctuality indicators, highlighting the need for integrated operational–logis-
tical modeling frameworks [13]. In marshaling yard contexts, recent computational stud-
ies demonstrate that sorting strategies and classification-track constraints strongly influ-
ence dwell time and system robustness, reinforcing the importance of modeling station-
level technological chains rather than focusing solely on line-haul routing [14]. Real-time 
traffic management research confirms that rerouting, reordering, and rescheduling can be 
decomposed into efficient sub-problems to reduce delay propagation, but such methods 
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typically address train-level conflicts and do not explicitly model wagon technological 
processing sequences at stations—motivating the present paper’s station–technology in-
tegration [15]. From an infrastructure and decision-support perspective, multi-criteria 
evaluation methods have been applied to identify critical railway stations (peaks/bottle-
necks) for freight transport and to prioritize operational interventions, complementing 
simulation and queuing approaches used for capacity and delay reduction [16]. 

Ref. [17] elaborated a mesoscopic modeling framework of freight train activities and 
proved that yard operation and train formation processes were significant causes of 
transport delay and inefficiency. Their publication demonstrates that the modeling of the 
railway logistics should also cover both network movement and terminal processing, 
which is the approach that this study takes. 

The value of technological processes within the railway systems has also been em-
phasized through [18], who used queuing theory on service and manufacturing systems 
including transport operations. This theory forms the basis of the idea of modeling wagon 
flows as service systems, where the rate of arrival, service rate and waiting time are the 
variables that determine the stability of the system. The following theoretical foundation 
can be used directly in the current paper to examine the accumulation and delay of wag-
ons at stations. 

Ref. [19] reviewed the models of transport management of railway transport and 
highlighted the importance of the operational coordination and real-time control of 
wagon flows to reduce delays. Their results support that intelligent and data-driven sys-
tems are needed in order to handle freight transportation effectively across a railway net-
work, creating the motivation behind the smart delivery system suggested in this article. 

Sorting and re-handling activities in particular are key contributors to delays [20], 
and research on sorting techniques in marshaling yards revealed that inefficient sorting 
rules and limited track capacity are the key contributors to wagon dwell time. This is di-
rectly related to the necessity to reduce unproductive reprocessing and optimize the 
workflows in stations to enhance delivery performance, which is the point of this paper, 

Lastly, Ref. [21] has shown that multimodal freight systems based on railways can be 
successfully used to achieve operational stability and safety through mathematical mod-
eling. Their study demonstrates the applicability of mathematical and system-level mod-
eling methods to the resolution of real-life railway logistics issues, in accordance with the 
framework that has been constructed in this paper. 

Research Gap and Positioning 

Despite extensive research on railway network optimization and yard operations, 
existing studies predominantly address either routing problems or station-level processes 
in isolation. Limited attention has been paid to integrating technological station sequences, 
shipment-type differentiation, and delivery-deadline risks within a unified modeling 
framework. Moreover, most current approaches rely on average travel times without ex-
plicitly accounting for wagon re-handling intensity and queue-induced delays. This study 
addresses these gaps by proposing a queuing-based intelligent delivery model that sim-
ultaneously considers shipment categories, technological processing chains, and opera-
tional congestion, providing a practical decision-support tool for improving railway 
freight reliability. 

3. Material and Methods 
This study uses real operational data from “O‘zbekiston temir yo‘llari” JSC Uzbeki-

stan (UZ), obtained from its digital freight systems (e-nakl), including wagon locations, 
station processing times, train movement data, and contractual delivery deadlines. These 
data describe how wagons move and are processed at stations along their routes. 
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Each railway station is represented as a queuing system where the wagons come to 
undergo technological treatment and are attended to by the scarce resources (tracks, in-
spector teams, sorting plants). Let 






=⋅





= Hours

WagonsrateSeriveHours
Wagonsratearrivalwagon µλ   

If 

,µλ <   

the station is stably running; in the event that 

,µλ ≥   

line trucks increase and there is delay in delivery. 
For each of the routes, wagon, group, small and container shipments will be charac-

terized by separate technological chains. The following is used to determine the complete 
delivery time of each delivery: 

∑∑∑ +++= amsd TTTTT  (1) 

In which Td represents dispatch time, Ts represents station waiting and processing 
time (through the queuing model), Tm is the section travel time, and Ta indicates the extra 
operations. 

A time consumption matrix of every possible combination of station operations and 
section motions is constructed on each shipment type. The optimization process is linear, 
where the path with the shortest overall delivery time T is chosen under station capacity 
and operations limitations. 

The model is applied in a simulation setting with the real distance between stations 
and processing time. The comparisons of actual wagon flows with optimized wagon flows 
are conducted to assess the decrease in the delivery time and wagon congestion. 

The information flow of the proposed intelligent cargo delivery system between the 
receiving station and shipping station is shown in Figure 1. Electronic documents (way-
bill/road waybill, wagon list, receipts) and operating events in the station cargo office and 
loading/unloading areas are created and sent to the central digital environment at the 
shipping side. The core block is used to integrate the information of the operational man-
agement modules (ASU ST/MR/KP and ASOUP) with the e-nakl electronic consignment 
note to create a single and timely flow of data. Using these inputs, the intelligent system 
will assess the status of the wagons, station activities, and route progress using interme-
diate/sorting/section stations and assist in the routing and sequencing decisions of opera-
tions. An identical digital loop is achieved at the receiving end, as the unloading/receipt 
confirmation and the financial/accounting records are updated, allowing for complete 
tracing from dispatch to delivery. 
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Figure 1. Information flow chart of the smart system depending on the types of shipment. 

4. Research Methodology 
Using the types of shipments in railway transport, we will provide a separate analy-

sis. 
Figure 2 demonstrates two possible routes of the same shipment using different tech-

nologies. In Option 1, there are more intermediate station operations/re-handling (more 
stops and more processing points), which increase the total station time and delays; in 
Option 2, there is less intermediate processing and the wagon flow is more continuous; 
therefore, the total delivery time will be shorter. It is important to note that the figure 
shows that the performance of the delivery can depend not only on the distance, but pri-
marily on the number and order of the technological processes along the route. 

B V G
...

a b v g d
...

a2 b2 v2 g2 d2
...

a3 b3 v3 g3 d3
...

a4 b4 v4 g4 d4

Route shipment at station v

A, B, V, G ,...- train locomotive exchange stations
a,b,v,g,d, ...- intermediate or freight stations

... - continuous condition of the wagon and track

B V G
...

a b v g d
...

a2 b2 v2 g2 d2
...

a3 b3 v3 g3 d3
...

a4 b4 v4 g4 d4

Option 1

Option 2

route
dt lok.turn.

rec.-nont lok.turn.
rec.-nont et

etlok.turn.
rec.-nont

lok.turn.
rec.-nont

route
dt

A

A

 

Figure 2. Route shipment scheme. 
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Figure 3 represents the wagon shipment path as a sequence of section rotation (ti) 
between stations and technological activities of the stations at the middle points. As high-
lighted in the diagram, the total delivery time is composed of the sum of the time spent 
traveling and the time spent undergoing repetitive re-handling and processing, through 
which queues and delays can be accumulated. It also shows how the constant control of 
the location and state of operations of wagons contributes to the choice of a more effective 
technological chain. 

B V G D
...

a b v g d
...

a2 b2 v2 g2 d2
...

a3 b3 v3 g3 d3
...

a4 b4 v4 g4 d4

Wagon shipment at station v

lok.turn.
rec.t lok.turn.

rec.t
lok.turn.
rec.t etdt

A

A, B, V, G, D,...- train locomotive exchange stations
a,b,v,g,d, ...- intermediate or freight stations

... - continuous condition of the wagon and track  

Figure 3. Wagon shipment scheme. 

Figure 4 shows the operational logic of group shipment, in which two or more wag-
ons are combined under one waybill and as such, they are treated as a single batch in 
dispatching and in intermediate processing. The group shipment is a continuation of the 
single-wagon shipment, in that unlike the single-wagon shipment (usually reclassified 
and grouped on an individual-wagon basis at each successive station), the group is the 
unit on which the planning of the key operations (marshaling, train formation, and dis-
patching) is performed. This eliminates the repetitive re-handling of shipments and less-
ens the cumulative waiting time in technical stations; the reason behind this is that group 
shipments might be given priority when it comes to delivery deadlines. As a result, unit 
of control is the primary operational difference: single-wagon transport is controlled on a 
per wagon basis, and group transport is controlled on a per grouped consignment basis, 
with fewer splits allowed in the route. 

B V G D
...

a b v g d
...

a2 b2 v2 g2 d2
...

a3 b3 v3 g3 d3
...

a4 b4 v4 g4 d4

Group shipment at station v

etlok.turn.
rec.t lok.turn.

rec.t lok.turn.
rec.tdt

A

A, B, V, G, D,...- train locomotive exchange stations
a,b,v,g,d, ...- intermediate or freight stations

... - continuous condition of the wagon and track  

Figure 4. Group shipment scheme. 

Figure 5 depicts the working scheme in the case of small shipment transportation, 
where multiple small consignments are grouped together and transported under the main 
line as one stream of transport. As opposed to wagon or group deliveries, the most signif-
icant feature is the further consolidation and further distribution at intermediate nodes, 
which is presented by the divergence to numerous unloading/loading points at the desti-
nation station. Thus, the overall time of delivery comprises not only line-haul movement 
and standard station processing, but also includes additional handling required during 
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sorting, assembling and assigning small lots to various receivers. This is why small 
freights generally involve more operations in the terminals and are more susceptible to 
delays at stations. 

B V G D
...

b v g d
...

a2 b2 v2 g2 d2
...

a3 b3 v3 g3 d3
...

a4 b4 v4 g4 d4

Small shipment train at station v

lok.turn.
rec.t lok.turn.

rec.t lok.turn.
rec.t etdt

A

A, B, V, G, D,...- train locomotive exchange stations
a,b,v,g,d, ...- intermediate or freight stations

... - continuous condition of the wagon and track  

Figure 5. Small shipment scheme. 

Figure 6 shows the process of container shipment along the rail line with the cargo 
staying in the container; the key time elements are composed of terminal-based handling 
(loading/unloading on the flatcars, inspections, and possible interchange between trains) 
and the running time of the line-haul between intermediate nodes. In terms of wagon, 
group and small shipments, the distinguishing characteristic is that, in the container-ter-
minal operations, the intermediate delays are dictated, to a greater extent, by repetitive 
wagon sorting and train reformation, which tend to decrease the number of re-handling 
steps and stabilize dwell-time variability. To have a better visual comparison between the 
shipment types, the figure is read based on an identical logic of having station sequencing 
and time-marking as with the other diagrams; therefore, the difference in the figure of the 
handling point and its contribution to the overall delivery time can be directly compared. 

B V G
...

b v g d
...

a2 b2 v2 g2 d2
...

a3 b3 v3 g3 d3
...

a4 b4 v4 g4 d4

Container shipment at station v

etlok.turn.
rec.tlok.turn.

rec.t lok.turn.
rec.tdt

A
a

A, B, V, G, D,...- train locomotive exchange stations
a,b,v,g,d, ...- intermediate or freight stations

... - continuous condition of the wagon and track

D

 

Figure 6. Container shipment scheme. 

4.1. Conceptual Framework 

The freight delivery is conceptualized as a chain of technological activities in the sta-
tions and section movement. In every type of shipment (i.e., route, wagon, group, small, 
and container), a wagon is delivered to a set of stations, where it is inspected, sorted and 
loaded onto outgoing trains (Figures 2–6). 

Waiting and processing delays are introduced in each station and added to form the 
overall delivery time. The analytical modeling of this process presupposes modeling the 
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transportation route as a system of queuing systems; each station is a service node, and 
each segment of the railway is a transport link. 

4.2. Queuing-Theoretic Model and Assumptions 

A single-stage queuing system is used to represent each station and is managed un-
der the following assumptions: 

• Arrivals of wagons are stochastic and have a constant mean rate of λ (wagons/hour); 
• The rate of operation of technological operations (inspection, classification, train for-

mation) is mean service rate µ (wagons/hour); 
• The wagons are processed under the discipline of FIFO (first-in first-out); 
• When λ < 2 the system is stable; when 2 = 2, the queues increase and the time taken 

to deliver is longer; 
• The processing times of the various stations are independent of each other. 

Through these assumptions, it is possible to estimate the congestion of the station 
analytically and define the bottlenecks on the delivery route. 

4.3. Total Delivery Time Model 

The overall delivery time T of each wagon is calculated based on Equation (1), using 
dispatch time, station processing and waiting time, section travel time and the auxiliary 
operations. 

4.4. Technological Sequence Matrix 

In order to define the most efficient technological cycle of wagon processing, a binary 
precedence matrix is created: 





=
otherwise,

j,operationfollowedbyisoperationicaltechnoif,
xij 0

log1
 (2) 

The technological operations (arrival, inspection, sorting, section movement, and de-
parture) are represented by each row and column. As shown in Equation 2, (𝑥𝑥𝑖𝑖𝑖𝑖 = 1) im-
plies that operation (j) will be performed right after operation (i), whereas (𝑥𝑥𝑖𝑖𝑖𝑖 = 0) im-
plies that such a technological transition is not possible. 

To have a valid technological chain, every operation has to be employed as either 
predecessor or successor: 

Nx i

N

i
ij ,...,2,1,1

1
==∑

=

γ  (3) 

Nx j

N

i
ij ,...,2,1,1

1
==∑

=

γ  (4) 

The relationships in both Equations (3) and (4) are used to guarantee that every tech-
nological operation is represented in the process of delivery at least once as a prerequisite 
and once as a successor. N is the number of operational activities in the delivery process. 
A combination of these equations ensures one viable and logically consistent technologi-
cal chain of wagon arrival to final dispatch. 

4.5. Optimization and Simulation 

The algorithm that chooses the matrix xij that will minimize total delivery time T is 
created by a linear programming that satisfies the following: 

• Technological precedence regulations; 
• Station and track capacity limits; 
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• Availability of train services. 

Based on observed processing times and distances of stations of the wagon flows, the 
model is applied to real wagon flows in the Khamza–Bukhara corridor. The optimized 
schedule was checked against the actual operations to test: 

• Total delivery time; 
• Station queue lengths; 
• Number of re-handling operations. 

5. Results 
In this section, the final outputs of the intelligent delivery model are presented, along 

with their implications on the performance of rail freight. 

5.1. Operational Performance of the Intelligent System 

The simulation environment combines the real-time wagon location, station capacity 
and shipment attributes to produce optimal routing and processing routes. Based on the 
outputs, station congestion, as opposed to line-haul distance, is the most significant factor 
that determines the reliability of delivery. The model determines key points of processing 
at which the queues build up and reorganizes technological sequences to eliminate satu-
ration. 

These findings indicate that as technological intensity heads towards the capacity of 
the system, the waiting time of wagons jumps exponentially, leading to cascading conges-
tion along the path. The intelligent system eliminates this impact through the redistribu-
tion of flows and elimination of unwarranted re-handling processes. 

5.2. Corridor-Level Delivery Outcomes 

The Khamza–Bukhara corridor is utilized as a case study. Table 1 provides the results 
on the key performance indicators of the simulation. 

As indicated in Table 1, even though the two systems are operated within the same 
corridor of operation, which is 604 km long, operational efficiency is highly enhanced by 
the intelligent system, in which re-handling of the intermediate is minimized from four to 
two. This has a direct effect of reducing the average station dwell time, meaning that there 
is less blockage of technology processing and reduced queues. Consequently, the time of 
total delivery can be reduced to 54 h from 68 h, which proves that the coordination of the 
work of the stations is more effective than the use of distance or speed. As a result, the 
total risk of delay changes from high to low, proving that the intelligent model increases 
the reliability of the delivery and stability of the service. 

Table 1. Delivery performance on the Khamza–Bukhara corridor. 

Indicator Conventional Operation Intelligent Model 
Route length (km) 604 604 

Intermediate re-handlings 4 2 
Average station dwell time High Reduced 

Total delivery time (h) 68 54 
Risk of delay High Low 

5.3. Economic Effects of Delivery Reliability 

Table 2 presents a summary of the financial risk of delivery delays. 
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Table 2. Penalty-risk indicators. 

Indicator Value 
Probability of delay 0.60 

Probability of on-time delivery 0.40 
Expected penalty per shipment $49.18 

Variance of penalty 2723.6 

The results in Table 2 indicate that delay risk creates high expected financial losses. 
The intelligent system directly decreases the probability of delay and the exposure to pen-
alties by reducing queues and enhancing the level of technological sequencing. 

Figure 7 below shows the network map of spatial distribution of the main railway 
corridors and operation centers adopted in the simulation. It establishes the fact that the 
chosen route between Khamza and Bukhara is integrated into a dense freight network 
between the western, central and eastern parts. The visualization confirms that the intel-
ligent system is used in a realistic infrastructure setting, and shows how the routing 
choices are limited by real network topology, as opposed to the hypothetical straight-line 
distances. The better resolution and labeling facilitate the clarification of the station posi-
tions and flow directions, which encourages reproducibility and practical interpretation. 

The non-English-language entries listed in Figure 7 are existing station names in Uz-
bekistan, which were used to mark stations on a real rail network map in a practical soft-
ware interface. 

 

Figure 7. Interface window for distributing empty wagons to loading and unloading points. 

Figure 8 reveals that the waiting time is slow when there is low traffic, but there is a 
steep rise in the system when it is heavily loaded. At or close to capacity level, even minor 
changes in the wagon inflow lead to high congestion and delays. That is why the usual 
operations cannot be maintained under heavy traffic, whereas the intelligent system can 
be maintained with stable processes, as overloading of the most crucial stations is pre-
vented. The outcome shows that the regulation of traffic intensity is better than an increase 
in the speed of processing itself. 
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Figure 8. Dependence of the speed of the technological process on the waiting time. 

The route scheme below, Figure 9, indicates the order of stations and distances be-
tween Khamza and Bukhara. It shows that the delivery process has several short and long 
stages, with varying characteristics of operations, and that it is re-handling and not dis-
tance that extends delivery time. The fact that it names every intermediate node, as a result, 
supports the modeling method that is based on queuing and justifies the necessity to op-
timize the process of technological sequences, rather than minimize the kilometers cov-
ered. 

Khamza Tuqimachi Uzbekistan Mekhnat Sirdarya Xavast

Jizzakh Samarkand Marokand Nurbulok Navoiy Bukhara

5 km 17 km 49 km 10 km 72 km

89 km

113 km 18 km 36 km 102 km 93 km

 

Figure 9. Distance between Khamza and Bukhara stations. 

Figure 10 reveals that increased average wagon speed leads to a reduction in the 
waiting time and the total delivery time but at a decreasing rate. At low speed, most of 
the time is wasted in queues and re-handling, but at higher speeds the role of movement 
time takes a leading role. The smart model changes the system performance to a lower 
waiting-time section without having to accelerate the speed, which proves that opera-
tional coordination and less re-processing are more effective than infrastructure-based ac-
celeration. 
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Figure 10. Effect of average wagon speed on total delivery time. 

The average rating of the railway transport is low, which helps to note its current 
competitive deficit, yet Figure 11 makes it clear that major causes of this deficit are the 
long routes with several intermediate stops that result in greater exposure to delays. Rail-
way transport can be brought to the ultimate level of performance, enhancing the speed 
of deliveries and cost-effectiveness by optimizing the actions of the station on the given 
paths, which means eliminating re-handling that has no sense and leads to a decrease in 
delivery rates. 

 

Figure 11. Diagram of assessing the quality of different transport modes using a five-level rating 
system. 

The high fluctuation of the delay claims in addition to the steep increase in penalties 
in 2023 depicts the presence of severe delay unreliability. This is supported by Figure 12, 
which indicates that long routes with several intermediate stations suffer exposure to cu-
mulative delays, proving that repeated re-handling of cargo is one of the fundamental 
sources of poor performance and customer dissatisfaction.  
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Figure 12. The number and total value of claims received by the local railway system. 

5.4. Scientific Contribution of the Results 

The scientific contribution of this study lies in integrating queuing theory with real 
technological station operations to create a shipment-type-specific intelligent freight de-
livery model. Unlike traditional railway planning methods based primarily on distance 
or timetable optimization, the proposed approach explicitly models wagon processing se-
quences, re-handling intensity, and congestion-driven delays. The introduction of a tech-
nological precedence matrix enables the systematic optimization of operational chains for 
different shipment types. Corridor-level validation demonstrates that reducing interme-
diate technological operations has a greater impact on delivery reliability than increasing 
train speed alone. Additionally, the incorporation of penalty-risk assessment provides an 
economic dimension to operational decision-making. Together, these elements form an 
adaptive decision-support framework that actively regulates delivery reliability rather 
than passively recording delays. 

6. Conclusions 
This paper proposed and confirmed a data-driven, intelligent model of optimization 

of cargo transportation in railways based on the type of shipment by combining the queu-
ing theory with technological process modeling and actual operational data. The findings 
prove that the duration of delivery time is the leading factor not due to the length of the 
routes but the amount of the technological processes that are conducted on the interme-
diate stations. Utilization of the proposed intelligent model minimized avoidable re-han-
dling, decreased the dwell time of the station and reduced the cumulative delivery time 
in the Khamza–Bukhara corridor dramatically compared to traditional operations. 

The queuing analysis showed that the congestion increases exponentially as the 
wagon inflow approaches the station processing capacity, and this is the reason behind 
high congestion and delays during traditional dispatching. The intelligent model is able 
to reduce operation in unsteady congestion regimes and to have more reliable delivery 
performance by dynamically redistributing wagon flows and choosing technologically 
optimal processing sequences. 

https://doi.org/10.3390/systems14020184


Systems 2026, 14, 184 14 of 15 
 

https://doi.org/10.3390/systems14020184 

Economic analysis also revealed that the mitigation of delivery delays directly re-
duces the exposure of penalty and financial risk by both the railway operators and their 
customers. The proposed methodology, unlike traditional planning methods which do 
not distinguish between the type of shipments, allows for more accurate prediction, pri-
oritization and control of wagon movements, since not all shipments are treated alike. 

Application of the model reduced intermediate re-handlings by 50% and total deliv-
ery time by approximately 21%, demonstrating practical feasibility for operational de-
ployment. 

In general, the novelty of the study is based on the integration of the queuing theory 
and real-time technological process modeling to develop an adaptive decision-support 
system that actively regulates the reliability of deliveries instead of recording delays. This 
offers a scientifically based and necessary tool for enhancing the efficiency, predictability, 
and economic viability of railway freight transport. 

7. Limitations of the Study 
The limitations of the present study are the following: 
1. Single-corridor validation—The model was tested on one key railway line 

(Khamza–Bukhara), and therefore the results cannot be considered applicable to other ar-
eas with varying traffic patterns and infrastructure features; 

2. Limited real-time integration—Although the framework is geared towards mak-
ing intelligent decisions, contemporary real-time utilization of the framework is based on 
historical and partially static data on operations and not on fully real-time system inputs; 

3. Simplified queuing assumptions—Queuing model assumes that the arrival and 
service patterns are constant, unlike the reality in railway operation, which is that it is 
influenced by all kinds of disruptions, weather conditions, machine failures, and human 
elements that cannot be fully described; 

4. Restricted economic scope—The economic analysis is primarily limited to the de-
lay penalties and does not encompass the wider cost aspects of fuel consumption, crew 
costs, or infrastructure wear; 

5. Lack of comparison with alternative optimization models—The study only com-
pares the intelligent system primarily with standard operations; the study does not com-
pare it to other advanced methods of optimization- or simulation-based railway planning. 

These constraints specify major guidelines for future research and system develop-
ment. 
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