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Abstract: Dynamic pricing in passenger 
transport services is undergoing a profou-
nd transformation driven by big data, ar-
tificial intelligence, and blockchain tech-
nology. This article proposes an integrated 
framework that combines predictive algo-
rithms with blockchain infrastructure to 
optimize real time pricing strategies, im-
proving both operational efficiency and en-
d-user satisfaction. Using machine learning 
techniques, specifically time-series models 
and demand elasticity estimation, a dyna-
mic pricing engine is developed that adjusts 
fares according to demand fluctuations, 
user segmentation, and external variables 
(such as weather, events, and traffic condi-
tions). In parallel, blockchain technology is 
implemented to ensure transparency, trace-
ability, and automation of fare transactions 
through smart contracts, reducing fraud 
and guaranteeing data immutability.

Keywords: dynamic pricing, predictive al-
gorithms, blockchain, transportation sys-
tems, smart contracts

INTRODUCTION

In the current context of digital trans-
formation, the passenger transport sector 
faces significant challenges related to ope-
rational efficiency, revenue optimization, 
and end-user satisfaction. One of the most 
critical aspects is pricing strategy, which has 
traditionally been static or rule-based and 
is increasingly ineffective in the face of de-
mand volatility and growing expectations 
for personalization (Sharan et al., 2020). 
In this scenario, dynamic pricing emerges 
as a viable solution, enabling real time fare 
adjustments based on contextual variables, 
consumer behavior patterns, and market 
conditions.

The application of predictive algori-
thms based on artificial intelligence (AI) 
and machine learning has proven to be a 
powerful tool for demand forecasting and 
the design of more accurate and adaptive 
pricing strategies (Zhang & Zhao, 2024). 
However, this approach raises challenges 
related to transparency, traceability of al-
gorithmic decisions, and data security, 
particularly in sensitive sectors such as pu-
blic transport subject to local and national 
regulations.

Blockchain technology provides a 
complementary approach by offering a de-
centralized, immutable, and auditable en-
vironment for managing fare transactions 
through smart contracts that automate 
pricing rules and strengthen trust betwe-
en operators and end users (Saberi et al., 
2019). The integration of blockchain with 
predictive algorithms opens a new para-
digm in fare management, with the poten-
tial to redefine business rules in passenger 
mobility.

Despite these advantages, there are 
few integrated implementations combining 
both approaches in the passenger transport 
sector, particularly in urban and interurban 
contexts. Therefore, this research propo-
ses and validates a hybrid dynamic pricing 
model that incorporates demand fore-
casting algorithms and blockchain-based 
infrastructure, aiming to improve system 
efficiency, increase revenues, and enhance 
users’ perception of transparency (Maestre 
et al., 2023).

This article is structured as follows: 
first, a critical review of the literature on dy-
namic pricing, predictive algorithms, and 
blockchain applications in transport is pre-
sented. Next, the theoretical framework un-
derpinning the proposed model is outlined. 
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The methodology section details the tech-
nical architecture and validation methods, 
followed by a real-world case study. Finally, 
results, discussion, and conclusions are pre-
sented, including recommendations for im-
plementation and future research directions.

This study addresses the following resear-
ch questions:

RQ1: Can predictive demand algori-
thms significantly improve fare optimiza-
tion accuracy in urban passenger transport?

RQ2: Does the integration of block-
chain based smart contracts enhance trans-
parency and user trust without compromi-
sing system performance?

To address these research questions, 
the study adopts a mixed-methods research 
design combining quantitative experimen-
tal analysis with qualitative analytical in-
quiry. This design allows both the statistical 
evaluation of system performance and the 
contextual interpretation of user and institu-
tional responses. Specifically, the quantitati-
ve component addresses RQ1 by evaluating 
predictive accuracy, revenue performance, 
and system latency, while the qualitative 
component addresses RQ2 by analysing 
user trust, transparency perception, and ins-
titutional acceptance. Table 1 and Sections 
4.1 and 4.2 report the empirical indicators 
associated with each research question. This 
structure ensures methodological traceabili-
ty from research questions to empirical indi-
cators and observed outcomes.

Literature Review

Pricing in passenger transport has 
traditionally been governed by municipal 
regulations, public subsidies, or general 
fare policies. However, with the advent of 
digitalization and increased competition, 

particularly in deregulated or semiregulated 
markets, dynamic pricing has gained pro-
minence as a mechanism to maximize reve-
nue and respond to fluctuations in demand 
(Zhang & Zhao, 2024).

Traditional pricing models in passenger 
transport

Conventional fare systems, widely 
applied in public and private transport, are 
typically based on fixed cost structures, zonal 
pricing, or simple time based segmentation 
(peak/off-peak). While these models facili-
tate predictable budget planning, they lack 
the flexibility to respond efficiently to unex-
pected demand spikes or emerging mobility 
patterns (Lu et al., 2024). Moreover, they 
often ignore price elasticity, leading to inef-
ficiencies and lost revenue opportunities.

Dynamic pricing and predictive 
algorithms

Recent literature highlights the po-
tential of demand forecasting algorithms as 
enablers of dynamic pricing systems. Ma-
chine learning models, such as neural ne-
tworks, decision trees, ARIMA models, and 
XGBoost, have been successfully applied to 
estimate passenger behavior (Sharan et al., 
2020). These approaches capture temporal, 
seasonal, and contextual patterns more ac-
curately than classical statistical methods.

For instance, Sharan et al. (2020) de-
veloped an LSTM based approach to fore-
cast urban transport demand, achieving sig-
nificant improvements over linear models. 
The inclusion of contextual variables such as 
major events, weather conditions, or traffic 
disruptions has also proven critical to pre-
diction quality (Huang et al., 2020).
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Dynamic pricing systems not only 
forecast demand but also incorporate price 
sensitivity models. Studies show that price 
personalization based on user profiles can 
maximize revenue without negatively affec-
ting equity, provided transparency and regu-
lation are ensured (Sharan et al., 2020).

Blockchain applications in passenger fare 
systems

Blockchain technology has gained in-
creasing relevance in passenger transport, 
not only for its security and decentralization 
capabilities but also for its applicability to 
automated fare systems via smart contracts. 
In multi-stakeholder environments (ope-
rators, intermediaries, users, regulators), 
blockchain offers a trusted infrastructure 
for recording and verifying transactions wi-
thout centralized intermediaries (Saberi et 
al., 2019).

Duan et al. (2023) emphasize that blo-
ckchain’s traceability and immutability are 
particularly valuable for resolving fare dis-
putes, auditing real time pricing processes, 
and strengthening user trust. Additionally, 
cryptographic tokens enable incentive sche-
mes, passenger loyalty programs, and beha-
vior adjusted dynamic fares, facilitating the 
transition toward interoperable Mobility as 
a Service (MaaS) ecosystem (Li et al., 2020).

Towards AI blockchain integration in 
passenger mobility

While the individual benefits of AI and 
blockchain are well documented, their com-
bined application in passenger transport re-
mains at an early stage. This synergy enables 
highly accurate demand prediction while 
ensuring that resulting fares are applied au-

tomatically, securely, and auditable through 
smart contracts. According to Karger et al. 
(2021), such hybrid approaches can reduce 
regulatory friction, lower operational costs, 
and create more transparent and efficient 
systems.

In summary, the literature indicates 
that convergence between predictive algori-
thms and blockchain technology represents 
an emerging pathway for innovation in fare 
strategies, although technical, regulatory, 
and governance challenges must be addres-
sed for large-scale adoption.

Theoretical and conceptual 
framework

This article is grounded in three the-
oretical pillars: the economics of dynamic 
pricing, demand forecasting algorithms in 
intelligent environments, and principles of 
distributed governance enabled by block-
chain technology. This framework provides 
the conceptual foundations for building an 
integrated model that optimizes fare setting 
in passenger transport services, considering 
not only technical efficiency but also trans-
parency and equity in price application.

Dynamic pricing theory in demand sen-
sitive markets

The concept of dynamic pricing origi-
nates from microeconomic theory applied to 
markets characterized by high demand elas-
ticity and limited short-term supply capaci-
ty. This approach involves adjusting prices 
according to changing market conditions in 
order to maximize expected utility or total 
revenue (Talluri & van Ryzin, 2004). In the 
transport sector, dynamic fares have become 
widespread through platforms such as Uber 
or Lyft, where prices vary according to local 
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demand, vehicle availability, and external 
factors such as weather conditions or public 
events (Burrell, 2016).

In this context, the relationship betwe-
en price and demand is governed by elastici-
ty models that make it possible to anticipate 
user sensitivity to fare changes. As suggested 
by Sharan et al. (2020), dynamically priced 
fares can be ethically compatible with social 
efficiency objectives, if principles of equity 
and transparency are explicitly incorporated 
into their design and implementation.

Demand forecasting through machine 
learning algorithms

The integration of predictive algori-
thms into pricing mechanisms is rooted in 
cyber-physical systems and artificial intelli-
gence, particularly in their ability to learn 
complex patterns from large volumes of his-
torical and real time data (Goodfellow et al., 
2016). Time-series models such as ARIMA, 
Prophet, and LSTM neural networks are 
especially effective in capturing both seaso-
nality and non-linearity in urban mobility 
data (Hyndman & Athanasopoulos, 2018).

Conceptually, these models rely on 
supervised regression functions in which in-
dependent variables may include not only 
temporal indicators (hour, day, season, etc.), 
but also contextual features such as weather 
conditions, school calendars, public holi-
days, roadworks, and even sporting or social 
events (Huang et al., 2020). This perspective 
aligns with the Mobility as a Service (MaaS) 
approach, which seeks to integrate supply, 
demand, and user experience within a uni-
fied cognitive architecture (Kamargianni et 
al., 2016).

Foundations of blockchain technology 
and smart contracts in passenger mobility 

Blockchain technology, as a form of 
distributed ledger technology (DLT), en-
sures data immutability, auditability, and 
decentralization through cryptographic 
and consensus mechanisms (Jaime, 2019). 
When applied to transport systems, block-
chain enables each transaction to be recor-
ded transparently, tamper-resistantly, and 
accessibly for all participating stakeholders.

A key component within the block-
chain conceptual framework is the use of 
smart contracts, which allow predefined fare 
conditions to be executed automatically wi-
thout human intervention, thereby reducing 
operational errors and administrative costs 
(Christidis & Devetsikiotis, 2016). Recent 
literature highlights that smart contracts can 
incorporate conditional fares, cancellation 
penalties, or user loyalty incentives, signifi-
cantly increasing system flexibility (Saberi et 
al., 2019).

Conceptual convergence: towards an au-
tonomous and transparent pricing system

The convergence of these three ele-
ments gives rise to cognitive and distributed 
fare systems capable of anticipating demand 
scenarios, assigning optimal prices in real 
time, and ensuring that pricing decisions 
are both auditable and ethically enforceable. 
This integration is consistent with emerging 
approaches in explainable artificial intelli-
gence (XAI) and algorithmic governance 
(Burrell, 2016), which aim not only to opti-
mize decisión making but also to make such 
decisions understandable and acceptable to 
users and public regulators.

This theoretical framework underpins 
the architecture proposed in this article, in 



DOI https://doi.org/10.22533/at.ed.8208312611031

A
rt

ic
le

 1
To

w
ar

ds
 sm

ar
t f

ar
e 

pr
ic

in
g:

 P
re

di
ct

iv
e 

al
go

rit
hm

s a
nd

 b
lo

ck
ch

ai
n 

fo
r d

yn
am

ic
 p

ric
e 

op
tim

iz
at

io
n 

in
 p

as
se

ng
er

 tr
an

sp
or

t

6

which a machine learning based pricing en-
gine is connected to a blockchain layer that 
applies fares through auditable smart con-
tracts. Accordingly, the proposed model se-
eks not only to maximize revenues, but also 
to strengthen end-user trust and enhance 
system-wide traceability.

METHODOLOGY

This article adopts a mixed method, 
quasi experimental research design (quan-
titative experimental and qualitative analy-
tical) with the objective of designing, im-
plementing, and validating a dynamic fare 
pricing model based on demand forecasting 
algorithms integrated with blockchain tech-
nology. The methodology is structured into 
four main phases: (i) data collection and 
preprocessing, (ii) development of the pre-
dictive model, (iii) implementation of the 
smart contract system, and (iv) experimen-
tal validation through a pilot study in a real 
urban transport environment.

Data collection and preprocessing

Historical data were collected over a 
12 month period from a mid-sized urban 
public transport operator located in a Latin 
American city. The dataset included:

•	 Passenger ticket validation records 
(timestamp, route, station, and 
anonymized user ID).

•	 External variables: weather con-
ditions (temperature and precipi-
tation), special events, and traffic 
congestion indicators.

•	 Socioeconomic and demographic 
indicators by origin to destination 
zone.

All data were anonymized in com-
pliance with the General Data Protection 
Regulation (GDPR) and processed using 
data cleaning techniques, missing value im-
putation, and z-score normalization prior 
to model development (Kotsiantis et al., 
2006).

Although the dataset corresponds to a 
single midsized Latin American city, its ope-
rational characteristics, demand volatility, 
and fare structure are representative of many 
urban bus systems in emerging metropoli-
tan contexts. Therefore, while the findings 
should not be interpreted as universally ge-
neralizable, they provide strong analytical 
transferability to comparable urban public 
transport systems operating under simi-
lar demand volatility and regulatory cons-
traints. This approach follows established 
practices in applied transport research, whe-
re controlled pilot studies are used to balan-
ce realism and analytical rigor.

Predictive model design

A supervised learning approach ba-
sed on Long Short Term Memory (LSTM) 
networks was employed due to their abili-
ty to model time series with long-term de-
pendencies (Hochreiter & Schmidhuber, 
1997). The model was trained to predict 
hourly passenger demand (number of va-
lidations per route and time slot) by route 
using a training set (70%) and a validation 
set (30%) with cross validation. Evaluation 
metrics included root mean square error 
(RMSE), mean absolute error (MAE), and 
the coefficient of determination (R²). Mo-
del hyperparameters were optimized using 
Bayesian optimization over the validation 
set to balance predictive accuracy and mo-
del generalization. This approach was se-
lected to prevent overfitting and to ensure 
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robustness under non-stationary demand 
conditions.

In addition, price demand elasticity 
models were integrated using logistic regres-
sion to estimate fare sensitivity across user 
segments, considering estimated income 
levels, usage frequency, and travel purposes 
(Train, 2009). These elasticity estimates di-
rectly inform the fare optimization process 
evaluated under RQ1.

Implementation of the blockchain 
layer and smart contracts

The system was implemented on a per-
missioned blockchain based on Hyperledger 
Fabric, selected for its flexibility, scalability, 
and modular governance architecture (An-
droulaki et al., 2018). Smart contracts were 
developed in the Go programming lan-
guage and deployed across nodes validated 
by the transport operator and a regulatory 
authority. Unlike centralized databases, the 
blockchain layer ensures tamper resistance 
and multistakeholder auditability, which 
are critical requirements in regulated public 
transport environments. This design choice 
responds not only to technical considera-
tions but also to governance requirements 
in public transport systems, where transpa-
rency, auditability, and institutional trust are 
critical. The impact of this layer is empiri-
cally assessed through fraud reduction, tran-
saction latency, and perceived transparency 
indicators.

Smart contract functionalities include:

•	 Automatic registration and valida-
tion of issued fares.

•	 Application of fare rules based on 
demand-related parameters.

•	 Automated auditing by third par-
ties (users and regulators).

•	 End to end traceability and immu-
tability of each transaction.

System latency and real time responsi-
veness were evaluated, ensuring that fare is-
suance and validation during demand peaks 
complied with real time operational require-
ments (<400 ms).

Empirical validation in a real world 
environment

A quasi experimental design was im-
plemented over a six week period on three 
high demand transport routes. A control 
group operating under a traditional fixed 
fare scheme and an experimental group 
using dynamic pricing supported by block-
chain technology were established. Statisti-
cal significance was assessed at a confidence 
level of α = 0.05. The following indicators 
were measured:

•	 Improvement in demand predic-
tion accuracy (∆R²).

•	 Variation in average daily revenue 
(%).

•	 Level of user acceptance and 
trust (measured through post use 
surveys).

•	 System response times.

Results were analysed using statisti-
cal tests (Student’s t-test and ANOVA) to 
assess the significance of observed diffe-
rences between both groups. In addition, 
semi structured interviews were conducted 
with system managers, frequent users, and 
regulatory authorities to explore perceived 
barriers and facilitators to adoption. A total 
of 12 semi structured interviews were con-
ducted using purposive sampling to capture 
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operational, user, and regulatory perspecti-
ves. Interviews were analysed using thematic 
coding to identify recurring patterns related 
to adoption barriers, trust formation, and 
regulatory concerns. Routes were selected 
to ensure comparable demand levels and 
operational conditions between control and 
experimental groups.

Ethical and regulatory 
considerations

The research was reviewed and appro-
ved by a university ethics committee and 
adhered to principles of algorithmic fair-
ness, non-discrimination, and informed 
consent. User participation was voluntary, 
and all data were protected in accordance 
with FAIR principles (findable, accessible, 
interoperable and reusable) to ensure the 
ethical use of artificial intelligence.

CASE STUDY: PILOT 
IMPLEMENTATION OF THE 
PROPOSED SYSTEM

To empirically validate the proposed 
dynamic fare framework supported by pre-
dictive algorithms and blockchain techno-
logy, a controlled pilot study was designed 
and implemented in a real urban environ-
ment. This case study was developed in 
collaboration with a public transport ope-
rator serving a Latin American city with 
approximately 1.2 million inhabitants. The 
city operates a medium-capacity bus trans-
port system equipped with electronic fare 
validation and 4G connectivity across the 
vehicle fleet, providing the minimum tech-
nical conditions required to deploy the pro-
posed system architecture.

Operational context and route 
selection

To ensure methodological robustness, 
three high-demand trunk routes were se-
lected. These routes operate at frequencies 
below 10 minutes and serve areas with diffe-
ring demographic densities and socioecono-
mic profiles. Two groups were defined:

•	 Experimental group: routes whe-
re the proposed dynamic pricing 
system supported by blockchain 
technology was applied.

•	 Control group: routes where the 
traditional flat-fare pricing scheme 
was maintained.

The experiment was conducted over six 
consecutive weeks, covering weekdays, we-
ekends, and public holidays, to control for 
variability in passenger demand behavior.

Technical and operational system 
implementation

The LSTM based predictive model, 
trained on historical data, was deployed on 
cloud servers with real time inference execu-
ted every 10 minutes. Forecast outputs fed a 
pricing engine that computed optimal fares 
segmented by time slot and projected occu-
pancy level. These fares were recorded and 
enforced through smart contracts deployed 
on a private blockchain based on Hyperled-
ger Fabric (Androulaki et al., 2018).

Fare updates were communicated 
through smart bus stops and the operator’s 
mobile application. On-board ticket valida-
tors queried the applicable fare in real time 
via a secure API and executed the correspon-
ding deduction through blockchain-based 
smart contracts, which were cryptographi-
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cally signed and immutably stored (Christi-
dis & Devetsikiotis, 2016).

Integrated system architecture

The functional architecture of the pro-
posed system comprises the following main 
components:

•	 Data acquisition module: Collects 
real time information from multi-
ple sources, including IoT sensors 
(onboard passenger counts and 
traffic conditions), external APIs 
(weather and urban events), and 
historical demand and user beha-
vior data (Zhang et al., 2019).

•	 Demand prediction engine: Em-
ploys multivariate LSTM models 
trained on time-series data to fo-
recast passenger demand up to 60 
minutes in advance.

•	 Dynamic pricing algorithm: Inte-
grates demand forecasts, segment-
-level elasticity estimates, and con-
textual conditions to continuously 
generate optimal fares.

•	 Blockchain layer: Implemented 
using Hyperledger Fabric, ma-
naging fare transactions through 
smart contracts that:

•	 Validate fare conditions and 
execute automated payments.

•	 Record events in an immu-
table ledger for auditability.

•	 Provide partial public access 
for citizen verification (Christidis 
& Devetsikiotis, 2016).

Quantitative results of the pilot 
study

System performance indicators were 
evaluated by comparing experimental routes 
with control routes. The main results were 
as follows:

•	 Improved demand prediction ac-
curacy: The model achieved an 
average R² of 0.87, reducing mean 
absolute error by 19% compared 
to a traditional ARIMA model 
(Hyndman & Athanasopoulos, 
2018).

•	 Increase in average daily revenue 
per route: An average revenue in-
crease of 12.4% was observed, dri-
ven by higher willingness to pay 
during peak hours and increased 
occupancy during off peak periods 
enabled by reduced fares.

•	 Reduction in fare evasion: By 
automating and recording each 
transaction on the blockchain, 
more than 1,000 unauthorized 
validation attempts were detected 
and corrected through forensic log 
analysis, resulting in a 7% reduc-
tion in fraud related losses.

•	 System latency: The average fare 
query and validation time was 342 
ms, meeting real time operational 
requirements (<400 ms).

Qualitative evaluation: User 
perception

A total of 400 structured surveys were 
conducted with frequent users from both 
experimental and control conditions, admi-
nistered at terminals and through the mobi-
le application. Key findings include:
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•	 76% of users in the experimental 
group perceived greater fare fair-
ness, positively valuing lower pri-
ces during off-peak hours.

•	 68% reported increased trust in 
the system due to perceived tra-
ceability and transparency, attri-
buted to explicit communication 
regarding the use of blockchain 
technology.

•	 However, 14% expressed confu-
sion regarding fare variability, hi-
ghlighting challenges related to 
user communication and digital 
inclusion.

In addition, semi structured interviews 
were conducted with transport company of-
ficials and local regulatory authorities. Ins-
titutional barriers to large scale adoption 
were identified, including legal restrictions 
on variable pricing in public services and 
the need for regulatory updates to recognize 
smart contracts as legally valid instruments 
for fare management (Saberi et al., 2019).

Example of a smart contract

contract DynamicFare {

    address public operator;

    uint public baseFare;

    

    constructor(uint _baseFare) {

        operator = msg.sender;

        baseFare = _baseFare;

    }

    function calculateFare(uint deman-
dIndex, uint weatherFactor) public view re-
turns (uint) {

        return baseFare + (demandIndex 
* 2) + weatherFactor;

    }

    function payFare() public payable {

        require(msg.value >= baseFare, 
“Fare too low”);

        // Logic for token transfer and 
confirmation

    }

}

Lessons learned for improving 
scalability

The pilot study demonstrated that the 
proposed implementation is technically fe-
asible, socially accepted, and financially be-
neficial, if it is supported by a user centred 
design and a flexible regulatory framework. 
Scaling the model requires further improve-
ments in the following areas:

•	 Interoperable digital infrastructure.

•	 Open protocols for transport-rela-
ted APIs.

•	 Technical training for operational 
staff.

•	 Inclusion mechanisms for users 
without access to the internet or 
smartphones.

This study shows that the combination 
of predictive algorithms and blockchain te-
chnology can not only optimize revenue 
management but also enhance the transpa-
rency and credibility of urban fare systems.
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RESULTS AND DISCUSSION

The analyses derived from the pilot stu-
dy make it possible to assess the effectiveness 
of the proposed framework from quantita-
tive, qualitative, and systemic perspectives. 
The discussion interprets these results con-
sidering the research questions and the the-
oretical framework presented in Sections 1 
and 1.2. Results are presented first, followed 
by an interpretative discussion aligned with 
the research questions defined in Section 1.

Results

The effects of the implemented system 
are analysed across four dimensions: predic-
tive accuracy, economic performance, user 
trust, and operational robustness.

Predictive accuracy of the model

The comparison between the LSTM 
model and classical approaches (such as 
ARIMA and Prophet) shows a substantial 
improvement in hourly demand forecasting 
accuracy. The LSTM model achieved a coe-
fficient of determination of R² = 0.87, com-
pared to R² = 0.74 for ARIMA, along with a 
19.3% reduction in MAE. These results are 
consistent with prior literature, where long 
short-term memory models have demons-

trated superior performance in scenarios 
characterized by seasonality and multiple 
exogenous factors (Huang et al., 2020; Ho-
chreiter & Schmidhuber, 1997).

This increase in predictive accuracy 
enabled greater stability in fare allocation, 
preventing underpricing during peak de-
mand periods and overpricing during off-
-peak intervals. Moreover, the inclusion of 
external variables (such as weather condi-
tions and public events) enhanced model 
robustness under nonlinear conditions, 
including holidays and days with heavy 
rainfall.

Economic impact and fare efficiency

The dynamic pricing engine achieved 
an average increase of 12.4% in daily reve-
nue compared to the flat fare system. This 
improvement was not driven by a genera-
lized price increase, but rather by elasticity-
-based price differentiation, which increased 
users’ willingness to pay during peak hours 
and improved occupancy during low-de-
mand periods through context-aware dis-
counts (Train, 2009; Chen, 2016).

From a microeconomic perspective, 
the system enabled a more efficient reallo-
cation of surplus by aligning prices with 
perceived value across different time periods 

Evaluated factor Result Observation

Average daily revenue +12.4% Increase after implementation
Prediction ac-
curacy (R²) 0.87 Multivariate LSTM with Bayesian optimization

User acceptance level 76% On-board surveys in weeks 3 and 6
Fare fraud incidence −89% Compared to reference period
Transactional la-
tency (average) 342 ms Complies with urban operation SLAs

Table 1. Socioeconomic impact matrix
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and user segments. In the long term, this 
may contribute to a better balance betwe-
en the operator’s financial sustainability and 
service accessibility for passengers.

User perceived trust and transparency

Qualitative data extracted from sur-
veys revealed that more than 76% of users 
perceived greater fare fairness due to the sys-
tem’s explainable pricing logic. In addition, 
68% reported increased trust in the fare col-
lection process, attributed to the traceability 
enabled by blockchain technology. These 
findings support the hypotheses proposed 
by Christidis and Devetsikiotis (2016), who 
argued that the inherent immutability and 
auditability of blockchain technology can 
enhance perceived equity in automated 
systems.

However, 14% of users reported con-
fusion regarding fare variability, highlighting 
the importance of improving communica-
tion strategies and user friendly visualization 
tools. This aligns with research on civic te-
chnology and digital adoption, which em-
phasizes that transparency must be accom-
panied by digital literacy to foster effective 
user trust (Meijer et al., 2012).

Technical performance and system 
scalability

The solution exhibited an average la-
tency of 342 ms, remaining within real time 
operational thresholds (<400 ms), even un-
der peak traffic conditions. This demons-
trates the technical feasibility of combining 
predictive algorithms with smart contract 
execution without compromising system 
performance (Androulaki et al., 2018).

Nevertheless, bottlenecks were identi-
fied in synchronization between blockchain 
nodes and on-board fare validators during 
passenger boarding, particularly in areas 
with limited mobile connectivity. Scaling 
the solution to a metropolitan level will 
require the integration of edge computing 
techniques and asynchronous consensus 
mechanisms to accommodate intermittent 
connectivity environments (Xu et al., 1998).

Critical synthesis and opportunities for 
improvement

The results indicate that the proposed 
framework is viable, effective, and socially 
acceptable; however, several challenges must 
be addressed to enable large scale adoption 
by transport operators:

•	 The need for local regulatory fra-
meworks recognizing smart con-
tracts as legally valid instruments 
(Saberi et al., 2019).

•	 Digital inclusion measures to pre-
vent the exclusion of users without 
access to smartphones or mobile 
applications.

•	 Transparent, user centred commu-
nication strategies to explain the 
logic underlying dynamic fare 
pricing.

Accordingly, future iterations of the 
model could benefit from multiagent 
approaches, online feedback mechanisms 
(reinforcement learning), and participatory 
governance mechanisms that involve citi-
zens in the validation of fare setting rules.

Discussion

The implementation of an integrated 
framework combining dynamic pricing 
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based on predictive algorithms with block-
chain technology in the passenger transport 
sector entails significant implications from 
technological, economic, regulatory, and 
social perspectives. This section discusses 
the findings of the pilot study in relation to 
existing literature, identifies the study’s li-
mitations, and outlines directions for future 
research. These limitations are common in 
real world pilot studies and reflect the trade-
-off between experimental control and eco-
logical validity. Overall, the findings provide 
affirmative evidence for both RQ1 and RQ2 
under real-world operational conditions.

Comparison with previous studies

The results obtained are consistent 
with prior research demonstrating the ef-
fectiveness of machine learning algorithms, 
particularly recurrent neural networks such 
as LSTM, in modelling and forecasting de-
mand behavior in transport systems (Zhang 
et al., 2019; Oh et al., 2022). Compared to 
traditional models (e.g., ARIMA), LSTM 
networks’ ability to capture non-linear re-
lationships and long-term temporal depen-
dencies significantly reduces forecasting er-
ror and improves real time fare allocation.

Regarding the blockchain compo-
nent, previous studies have argued that its 
integration into mobility systems enhances 
transaction traceability, reduces fraud, and 
facilitates the decentralization of business 
processes (Saberi et al., 2019; Christidis & 
Devetsikiotis, 2016). In this context, the 
use of smart contracts not only automated 
fare transactions but also introduced a relia-
ble layer of algorithmic governance without 
compromising operational efficiency.

The novelty of this study lies in the 
practical integration of both technologies 

within a real operational environment, an 
aspect that has been scarcely explored in 
prior work, which has largely focused on 
simulations or theoretical proposals (Xu et 
al., 2021). This empirical approach contri-
butes applied evidence regarding both the 
benefits and limitations of the system under 
real-world conditions.

Theoretical and practical contributions

From a theoretical standpoint, this ar-
ticle contributes to the literature on trans-
port economics, cyber-physical systems, 
and digital governance by demonstrating 
that the convergence of artificial intelligen-
ce and blockchain technology can generate 
meaningful synergies in the management of 
dynamic public services. From a practical 
perspective, the proposed framework:

•	 Enables demand elasticity based 
dynamic fare differentiation, a 
feature that remains largely un-
der implemented in urban public 
transport.

•	 Introduces operational transpa-
rency, which can strengthen the 
legitimacy of transport operators 
in the eyes of users and public 
authorities.

•	 Serves as a foundational archi-
tecture for Mobility as a Service 
(MaaS) ecosystem, where intero-
perability and traceability are criti-
cal (Kamargianni et al., 2016).

Moreover, the proposed approach can 
be adapted to other public services that rely 
on variable pricing structures, such as ener-
gy supply, water services, or public parking 
systems.
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Limitations of the study

Despite its findings, this study presents 
several limitations. First, the pilot period 
was relatively short (six weeks) and limited 
to three specific routes, which may affect the 
generalizability of the results to other urban 
contexts with different passenger mobility 
patterns. Second, the operator’s preexisting 
technological infrastructure facilitated sys-
tem implementation, which may not be ea-
sily replicable in less digitally mature trans-
port systems. Such limitations are inherent 
to real-world pilot deployments and reflect 
the trade-off between experimental control 
and ecological validity.

Furthermore, although improvements 
in perceived transparency were observed, 
long term user adoption and actual price 
elasticity responses were not directly evalua-
ted. Estimating sustained effects will require 
longer term studies and the development of 
individual level behavioural models using 
discrete choice techniques (Train, 2009).

Implications for transport policy and pu-
blic authorities

The results have important implica-
tions for transport policymakers and regula-
tory authorities. In many countries, existing 
regulations restrict or prohibit dynamic pri-
cing in public transport under the premise 
of ensuring passenger equity. However, the 
model proposed in this study suggests that, 
if properly designed, dynamic pricing can 
promote equity by differentiating fares ac-
cording to users’ ability to pay, time of tra-
vel, and service conditions.

An updated regulatory framework is 
therefore required to recognize the legal vali-
dity of smart contracts, define standards for 
fare traceability, and establish mechanisms 

for technological auditing. Public authori-
ties must also ensure that digitalization does 
not exclude vulnerable groups by promo-
ting cross subsidization schemes, alternative 
payment channels, and digital literacy ini-
tiatives for public transport users.

Future research directions

Several avenues for future research 
emerge from this study:

•	 Evaluating reinforcement learning 
models to enhance feedback loops 
between demand prediction, pri-
cing decisions, and user responses.

•	 Exploring the integration of mul-
tiple transport operators within a 
federated blockchain-based sys-
tem, fostering interoperability 
among buses, metro systems, and 
shared bicycles.

•	 Analysing indirect environmen-
tal impacts, such as reductions in 
traffic congestion and emissions 
resulting from more temporally 
distributed demand.

The fusion of artificial intelligence 
and blockchain technology in transport fare 
systems represents a significant step toward 
transforming urban mobility systems into 
more adaptive, efficient, and transparent 
paradigms.

CONCLUSIONS AND 
RECOMMENDATIONS

This article has demonstrated the tech-
nical, operational, and economic feasibility 
of a dynamic fare pricing system for passen-
ger transport based on the integration of 
machine learning–based predictive models 
and blockchain technology.
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Conclusions

The proposed framework has empiri-
cally validated that the combined applica-
tion of these technologies can significantly 
improve the efficiency of public transport 
fare systems, users’ perceived fairness, and 
overall system transparency.

First, the use of LSTM models for de-
mand forecasting exhibited a high level of 
predictive accuracy (R² > 0.87), outperfor-
ming traditional approaches in scenarios 
characterized by temporal variability and 
external influencing factors (Zhang et al., 
2019; Oh et al., 2022). This predictive ca-
pability proved essential for optimizing dy-
namic fare adjustments based on expected 
demand and user segmentation within the 
transport system.

Second, the blockchain based in-
frastructure, implemented through smart 
contracts, enabled the automation of fare 
decisions while ensuring transaction immu-
tability, auditability, and traceability, the-
reby fostering user trust (Christidis & De-
vetsikiotis, 2016). This technological layer 
functioned not only as a distributed ledger 
system but also as a platform for algorithmic 
governance.

Third, the observed economic benefits, 
such as an average 12.4% increase in daily 
revenues and a more balanced demand dis-
tribution, suggest that dynamic pricing stra-
tegies are not only technologically viable but 
also economically sustainable. Moreover, 
the improvement in perceived fare fairness 
among users (76% acceptance) indicates 
that automated systems, when transparently 
designed, can enhance the legitimacy of 
transport operators (Saberi et al., 2019).

Nevertheless, the study also highlights 
challenges related to system scalability, the 
digital divide affecting certain social groups, 
and the need for appropriate regulatory 
frameworks to legitimize and supervise the 
proposed processes. From a methodologi-
cal standpoint, the study demonstrates the 
feasibility of evaluating AI blockchain sys-
tems through controlled pilot designs that 
combine quantitative performance metrics 
with qualitative institutional analysis. This 
methodological approach can be replicated 
in other regulated service contexts where 
algorithmic decision making and public ac-
countability must coexist.

Recommendations

Based on the pilot study, the following 
recommendations are proposed for different 
stakeholder groups:

1. Transport operators

•	 Invest in analytical processes and 
digital infrastructure that enable 
real time data collection and su-
pport predictive algorithms for 
dynamic pricing.

•	 Design communication and fare 
visualization strategies that clearly 
explain system principles, thereby 
strengthening user trust and redu-
cing perceptions of arbitrariness.

2. Governments and public regulators

•	 Establish regulatory frameworks 
that recognize the use of smart 
contracts in public fare manage-
ment while ensuring robust audi-
ting mechanisms and the protec-
tion of user data.
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•	 Promote digital inclusion policies 
to prevent the exclusion of users 
without access to technological to-
ols, through targeted subsidies or 
alternative payment mechanisms.

3. Researchers and developers

•	 Explore reinforcement learning 
approaches within predictive al-
gorithms to enable adaptive price 
adjustments in volatile environ-
ments, accounting for real time 
user responses.

•	 Develop interoperable decentrali-
zed architectures across different 
mobility operators to support 
transparent, auditable, and syner-
gistic MaaS ecosystems (Kamar-
gianni et al., 2016).

4. Multilateral organizations and sus-
tainable mobility funders

•	 Support pilot projects in mid-si-
zed cities as living laboratories to 
validate adaptive fare management 
models and assess their impact on 
inclusive urban mobility.

Future perspectives

In the long term, the integration of ar-
tificial intelligence, blockchain technology, 
and intelligent transport systems has the po-
tential to reshape urban mobility toward a 
more equitable, efficient, and participatory 
paradigm. This article represents an initial 
step in this direction by proposing a repli-
cable and scalable model, albeit one that re-
mains dependent on contextual conditions 
such as technological maturity and the go-
vernance capacity of public institutions.

REFERENCES

2, E., Barger, A., Bortnikov, V., Cachin, 
C., Christidis, K., De Caro, A., ... & Yelli-
ck, J. (2018) Hyperledger Fabric: A distri-
buted operating system for permissioned 
blockchains. Proceedings of the Thirteen-
th EuroSys Conference, 1–15. https://doi.
org/10.1145/3190508.3190538 

Burrell, J. (2016) How the machine 
‘thinks’: Understanding opacity in machi-
ne learning algorithms. Big Data & Socie-
ty, 3(1), 1–12. Recuperado de  https://doi.
org/10.1177/2053951715622512 

CHen, M. K. (2016) Dynamic Pricing in 
a Labor Market: Surge Pricing and Flexi-
ble Work on the Uber Platform. 455-455. 
The 2016 ACM Conference. http://dx.doi.
org/10.1145/2940716.2940798 

Christidis, K., & Devetsikiotis, M. Blockchains 
and smart contracts for the internet of things. 
IEEE Access, 4, 2292–2303. Recuperado de ht-
tps://doi.org/10.1109/ACCESS.2016.2566339 

Duan, K., Pang, G. & Lin, Y. (2016) Exploring 
the current status and future opportunities of 
blockchain technology adoption and applica-
tion in supply chain management. Journal of 
Digital Economy. https://doi.org/10.1016/j.
jdec.2024.01.005 (2023)

Goodfellow, I., Bengio, Y., & Courville, A. 
(2016) Deep learning. MIT Press. 

Hochreiter, S., & Schmidhuber, J. (1997) Long 
short-term memory. Neural Computation, 
9(8), 1735–1780. https://doi.org/10.1162/
neco.1997.9.8.1735 

Huang, G., Zaslavsky, A., Loke, S., Abkenar, 
A, Medvedev & Hassani, A. (2020) Contex-
t-Aware Machine Learning for Intelligent 
Transportation Systems: A Survey. Internatio-
nal Conference on Decision Aid Sciences and 
Application (DASA). https://ieeexplore.ieee.
org/abstract/document/9931527 



DOI https://doi.org/10.22533/at.ed.8208312611031

A
rt

ic
le

 1
To

w
ar

ds
 sm

ar
t f

ar
e 

pr
ic

in
g:

 P
re

di
ct

iv
e 

al
go

rit
hm

s a
nd

 b
lo

ck
ch

ai
n 

fo
r d

yn
am

ic
 p

ric
e 

op
tim

iz
at

io
n 

in
 p

as
se

ng
er

 tr
an

sp
or

t

17

Hyndman, R. J., & Athanasopoulos, G. (2018)  
Forecasting: Principles and practice (2nd ed.). 
OTexts. https://otexts.com/fpp2/ 

Jaime Maestre, R. (2019) La blockchain revo-
lucionarà la comunicació de l’empresa. Comu-
nicació. Revista De Recerca I d’anàlisi, 36(1), 
95–116. https://revistes.iec.cat/index.php/TC/
article/view/145793 

Kamargianni, Li, W., M., Matyas, M. & Schäfer, 
A. (2016)  A critical review of new mobility 
services for urban transport. Transportation 
Research Procedia, 14, 3294–3303.  https://
doi.org/10.1016/j.trpro.2016.05.277 

Karger, E., Jagals, M. & Ahlemann F. (2021) 
Blockchain for Smart Mobility—Litera-
ture Review and Future Research Agen-
da. MDPI. https://www.mdpi.com/2071-
1050/13/23/13268 

Kotsiantis, S., Kanellopoulos, D., & Pintelas, 
P. Data preprocessing for supervised leaning. 
(2006) International Journal of Computer 
Science, 1(2), 111–117. https://www.research-
gate.net/publication/228084519_Data_Pre-
processing_for_Supervised_Learning 

Li, X., Jiang, P., Chen, T., Luo, X. & Wen, Q. 
(2020) A survey on the security of block-
chain systems. Future Generation Com-
puter Systems. https://doi.org/10.1016/j.fu-
ture.2017.08.020 

Lu, Q., Mahajan, V., Lyu, C. & Antoniou, C. 
(2024) Analyzing the impact of fare-free pub-
lic transport policies on crowding patterns at 
stations using crowdsensing data. Transpor-
tation Research Part A. Policy and Practice. 
https://doi.org/10.1016/j.tra.2023.103944 

Maestre, R.J., Bermejo Higuera, J., Gámez 
Gómez, N. et al. (2023) The application of 
blockchain algorithms to the management of 
education certificates. Evol. Intel. 16, 1967–
1984. https://doi.org/10.1007/s12065-022-
00812-0 

Meijer, A., Curtin, D., & Hillebrandt, M. 
(2012) Open government: Connecting vision 
and voice. International Review of Adminis-
trative Sciences, 78(1), 10–29.  http://dx.doi.
org/10.1177/0020852311429533 

Oh, K., Yoo, M., Jin, N., Ko, J., Seo, J., Joo, H. 
& Ko, M. (2022) A Review of Deep Learning 
Applications for Railway Safety. Applied Sci-
ences. 12. 10572. Recuperado de http://dx.doi.
org/10.3390/app122010572 

Saberi, S., Kouhizadeh, M., Sarkis, J., & Shen, 
L. (2019) Blockchain technology and its re-
lationships to sustainable supply chain man-
agement. International Journal of Production 
Research, 57(7), 2117–2135. https://doi.org/1
0.1080/00207543.2018.1533261 

Sharan, S., Bawa, S. & Kumar, N. (2020) Dyna-
mic pricing techniques for Intelligent Trans-
portation System in smart cities: A systematic 
review. Computer Communications. https://
doi.org/10.1016/j.comcom.2019.12.003 

Talluri, K., & van Ryzin, G. (2004) The theory 
and practice of revenue management. Springer 
Science & Business Media. https://downloa-
d.e-bookshelf.de/download/0000/0046/37/L-
-G-0000004637-0002369102.pdf 

Train, K. E. (2009) Discrete choice methods 
with simulation (2nd ed.). Cambridge Uni-
versity Press. Recuperado de https://doi.
org/10.1017/CBO9780511805271 

Xu, X., Weber, I., & Staples, M. (1998) Archi-
tecture for blockchain applications. Springer. 
https://doi.org/10.1007/978-3-030-03035-3 

Zhang, G., Eddy Patuwo, B., & Hu, M. Y. (2019) 
Forecasting with artificial neural networks: 
The state of the art. International Journal of 
Forecasting, 14(1), 35–62. Recuperado de ht-
tps://doi.org/10.1016/S0169-2070(97)00044-7 



DOI https://doi.org/10.22533/at.ed.8208312611031

A
rt

ic
le

 1
To

w
ar

ds
 sm

ar
t f

ar
e 

pr
ic

in
g:

 P
re

di
ct

iv
e 

al
go

rit
hm

s a
nd

 b
lo

ck
ch

ai
n 

fo
r d

yn
am

ic
 p

ric
e 

op
tim

iz
at

io
n 

in
 p

as
se

ng
er

 tr
an

sp
or

t

18

Zhang, Y. & Zhao, Z. (2024) Optimal dynamic 
pricing for public transportation considering 
consumer social learning. PLOS ONE. 19. 
e0296263. 10.1371/journal.pone.0296263. Re-
cuperado de http://dx.doi.org/10.1371/jour-
nal.pone.0296263 


