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Abstract—This paper introduces Food Junction 2.0a
high-tech Al-based predictive meal delivery system
dedicated to railway passengers, with a dynamic
nutrition optimization and hyper personalization. In
comparison with traditional food delivery systems, ours
uses deep learning with algorithms to forecast passenger
preferences of meals, depending on their journeys, their
health profiles and other situational factors such as
travelling time, the type of classes, and the local factors.
The system combines real-time biometric information
(where the user grants permission), using APIs of
wearable devices, to adapt meal suggestions in real time
to accommodate everyday health problems associated
with traveling, including indigestion, dehydration, and
fatigue. The system predicts with accuracy 94.3% with
the help of a hybrid architecture integrating Graph
Neural Networks to model the preferences and
Reinforcement Learning to optimize the delivery, saving
68% of food waste in comparison to the classical systems.
In 500-participant clinical trials, the efficacies of the
intervention are shown in terms of the passenger well-
being index, such as 41% decrease in travel fatigue and
33% enhancement of the digestive comfort on the trip.
This study introduces a paradigm shift which is the
reactive food ordering to the proactive nutritional
management in transit environments.

Index Terms—Al-Powered Food Delivery, Predictive
Analytics, Nutritional Optimization, Railway Services,
Personalization, Health Informatics

[. INTRODUCTION

The intersection of artificial intelligence, nutritional
science, and transportation logistics would give the
world the greatest potential to transform the
experiences of passengers when traveling by rail.
Conventional food delivery systems, such as the
original Food Junction idea, are reactive models with
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consumers making the active choice of meals
according to their instant desire or their convenience.
Nonetheless, studies show that travelling can have a
major influence on food preferences which usually
cause inappropriate nutritive consumption. [1]. Travel
by rail, especially long-distance travel in India,
average 12-36 hours. [2], have distinct problems such
as decreased mobility, disruption of schedule and
environmental stressors that impact on digestion and
metabolism.

Food Junction 2.0 solves these issues by moving
towards an Al first strategy that breaks the cycle of.
on-demand delivery to predictive provisioning. The
essential innovation of the system consists in the
opportunity to predict passenger needs even before it
becomes conscious with the help of multimodal data
streams such as historical ordering patterns, journey
characteristics, biometric indicators, and
environmental factors. This proactive solution
improves convenience in addition to being a proactive
measure towards passenger health and wellness on
transit.

Psychological effects of food when in transit have
been well established. [3], and research demonstrating
that the right timing and the right composition of meals
can help lessen travel anxiety by up to 47% and
enhance the overall satisfaction about the journey by
62%. Our system is based on these discoveries, and we
are developing what we call Nutritional Journey
Mapping a holistic system of coordinating delivery of
meals with the physiological requirements during the
period of travel.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 5412



© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002

II. LITERATURE REVIEW

In order to derive the theoretical background and
outline gaps in research, this section is a systematic
review of the literature that exists in the three fields
namely traditional food delivery systems, artificial
intelligence solutions in food services, and health
informatics in transit settings. This literature review
shows the weakness of the existing solutions and
justifies our combined Al-based solution.

A. Traditional Food Delivery Systems

The current food services available in the Indian
railroads are mostly static. [4], and with few
personalization and reactive operations. The pantry
cars have predefined menus irrespective of the time of
the day, length of journey, or demographics of the
passengers. Although e-catering solutions such as
those offered by IRCTC fall under the digital platform,
they do not have intelligent personalization and
forecasting.

B. Al in Food Services

Urban food delivery has been altered using Artificial
Intelligence in the form of a recommendation system.
[5], demand forecasting [6], and route optimization
[7]. Nevertheless, such applications are still more
concerned with the efficiency of operations, as
opposed to nutritional results. Individual nutrition
research has developed a lot. [8], However, it has not
been integrated into the context of transportation.

C. Health Informatics in Transit

Aviation medicine studies have shown that jet lag and
travel fatigue can be controlled by nutrition. [9].
Likewise, the studies within the field of long-haul
trucking indicate that nutritionally-balanced meals
scheduled decrease driver fatigue by 38% [10]. Such
results imply that there is a lot of potential in such
applications in the railway scenario especially
considering India has a vast long distance rail network.

D. Technological Gaps

Current systems lack:

e Integration of biometric data for real-time meal
adjustment

e Proactive algorithms with nutritional requirements
during the journey.
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e Dynamic adaptation to travel-induced
physiological changes

e Multi-stakeholder optimization between passenger
health, restaurant economics and delivery logistics.

These gaps are filled with our study that provides a

complete Al framework aimed at the railway

ecosystems.
ITII. PROPOSED SYSTEM ARCHITECTURE

On the basis of the research gaps identified, in this
section, we introduce our new multi-layer Al
architecture. The suggested system unites predictive
analytics, nutritional optimization, and real-time
coordination into a harmonious system oriented
specifically to railroad settings and taking into account
the specifics of the movement of trains and
distribution opportunities in stations.

A. Mainstream Innovation Core: Predictive
Nutritional Intelligence.

The new addition to the system is its Predictive
Nutritional Intelligence (PNI) engine that works based
on 3 dimensions of time:

1) Pre-journey Planning: 24-48 hours before travel
2) In-transit Adaptation: During the journey

3) Post-journey Learning: After journey completion

B. Multi-Layer Al Architecture

As shown in Fig. 1, the system comprises four

interconnected Al layers:

1) Layer 1: Preference Prediction Engine: Models
changing passenger preferences with Temporal
Graph Neural Networks (T-GNNs):

Pi1 = f (P, Jo, Ey, Hp) (1)

where P represents preference at time t, J. is journey
context, E; environmental factors, and H, health
profile.

2) Layer 2: Nutritional Optimization Module: Uses
MultiObjective Reinforcement Learning (MORL)
to strike:

Maximize: Ngcore(M, Hp, Jr) 2)
Minimize: Cfinancial(M) + Clogistical(M) 3)
Subject to: Tdelivery < Twindow @)

where Nycore 1s nutritional adequacy score, M is meal
composition, and Twindow 1S delivery time constraint.
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3) Layer 3: Delivery Coordination Al: Trains
classical optimization with deep learning on real
time adaptation to:

e Train delays and schedule changes

e Station congestion patterns

e Weather conditions affecting delivery

e Restaurant preparation time variances

4) Layer 4: Continuous Learning System: Applies the
federated learning to enhance the models without
compromising the user privacy:

1EN
AW=N_VLi{W)

i=1 )
where W are model weights and Li is loss from user
i’s local data.

IV.METHODOLOGY

In this section, we also describe our thorough research

strategy, which will consist of a description of the data

collection system, the algorithm development process,

and the algorithm implementation idea. The

combination of quantitative and qualitative methods of

research is our methodology that guarantees the solid

design of the system and the validation of it in many

dimensions.

A. Data Collection Framework

We made collaborations with Indian Railways and

healthcare  providers whereby we collected

multimodal data:

B. Algorithm Development

1) Preference Prediction Algorithm: We created a new

Hybrid Attention Temporal Network (HATN) that

consists of a combination of:

e Self-attention for long-term preference patterns

e Graph attention for social influence modeling *
Temporal convolution for time-series analysis

The model architecture shown in Fig. 2 achieves

94.3% accuracy in 5-meal-ahead prediction.

2) Nutritional Optimization Formulation: We define

the meal planning as a Markov Decision Process that

is constrained:

State: st = (Hp, Jt, Bt, Pt) (6)
Action: at = (Mt, Tt, Qt) @)
Reward: rt = aNt + fSt — yCt ®)

where B, are biometric readings, M, meal selection, T,
timing,

IJIRT 204773

Q: quantity, N; nutritional score, S; satisfaction, and C;
cost.
C. Implementation Framework

V. EXPERIMENTAL RESULTS

A. Pilot Study Design

We conducted a 6-month pilot involving:

e 500 passengers on 10 long-distance routes

e 50 partner restaurants at major stations

e 100 delivery personnel

o Integration with Fitbit and Apple Health APIs

B. Performance Metrics

C. Health Impact Assessment

Clinical measures showed significant improvements:
Key findings:

41% reduction in reported travel fatigue

33% improvement in digestive comfort

27% reduction in post-journey recovery time
e 52% increase in sleep quality during travel

D. Economic Analysis
VI. UNIQUE CONTRIBUTIONS

The studies have numerous innovation contributions
to the disciplines of transportation services, nutritional
science, and artificial intelligence. Our innovative
items are explained in the following subsections,
which highlight our new innovations that will make
the Food Junction 2.0 different than the current
systems and the state-of-the-art in intelligent food
delivery.

A. Journey-Phase-Specific Nutritional Modeling

We have created the initial full framework of mapping
the nutritional requirement to journey phases:

Rnum(t) =BMR x Afx T¢ (t) x S¢ (t) (9)
where T is travel factor and St is stress factor, both
times dependent.

B. Privacy-Preserving Biometric Integration

Novel federated learning approach allowing:

e Live surveillance of health without sending raw
data.

e Personal adaptation of models.

e Secure aggregation of insights
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Fig. 1: Food Junction 2.0: Integrated AI Architecture

Table I: Data Sources and Al Applications

width=

Data Type Sources Al Application

Health Profile | Medical records, | Nutritional
Wearable devices | requirement

calculation

Journey PNR  database, | Timing

Details Train schedules optimization

Environmental | Weather API, | Meal composition

Data Station conditions | adjustment

Biometric Heart rate, | Real-time meal

Data Activity, Sleep modification

Historical Order history, | Preference

Preferences Ratings modeling

Table II: Technology Implementation

Component Implementation

Frontend Flutter with TensorFlow Lite

Backend Al | Python, PyTorch, FastAPI

Services

Real-time Apache Kafka, Apache Flink

Processing

Data Storage TimescaleDB for time-series, Neo4j

for graphs
Model Serving TensorFlow  Serving, = ONNX
Runtime
Privacy Homomorphic Encryption,
Preservation Differential Privacy

Table III: System Performance Metrics

Metric Traditional | FJ 1.0 FJ2.0

Prediction Accuracy | 38% 72% 94.3%

Food Waste | Baseline 22% 68%

Reduction

Passenger 5.1/10 7.8/10 9.2/10

Satisfaction

Nutritional 41% 63% 89%

Adequacy

Order  Preparation | - 12.4 8.7

Time min min
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Fig. 2: Hybrid Attention Temporal Network
Architecture
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Fig. 3: Health Metrics Improvement (n=500)

Table IV: Economic Impact Analysis

Parameter Traditional F12.0

Average Order | 280 420

Value

Restaurant  Profit | 22% 34%

Margin

Delivery 3.2 orders/hour | 5.8 orders/hour
Efficiency

Customer 1.2 3.7

Retention orders/month orders/month
Food Cost Savings | - 31%

C. 3. Dynamic Meal Composition Engine

Al system whereby meal macronutrients are adjusted

depending on:

e Real-time glucose levels (via wearable integration)

e Activity patterns during journey Sleep — wake
cycle alignment

D. 4. Multi-Stakeholder Value Optimization

Originally, the first system to optimize concurrently:
Passenger: Health + Convenience + Cost (10)
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Restaurant: Revenue + Efficiency + Waste reduction
(11)

Railway: Service quality + Additional revenue  (12)

Environment: Carbon footprint + Food waste (13)

VII. CHALLENGES AND SOLUTIONS

The adoption of Food Junction 2.0 had a number of

critical ~challenges with regard to technical,

operational, and ethical aspects. These challenges are

presented in this section, and the innovative solutions

that we have developed in order to overcome them are

outlined in this section to ensure that the system is

robust and accepted by the users.

A. Technical Challenges

e Real-time Model Inference: Edge computing with
compressed models (95% size reduction) solved.

e Data Heterogeneity: Addressed through multi-
modal fusion networks

e Privacy Concerns: Implemented differential
privacy with € = 0.5 privacy budget

B. Operational Challenges

e Station Infrastructure: Developed lightweight
mobile kitchens

e Last-Meter Delivery: Created station navigation Al
using computer vision

e Quality Consistency: Implemented IoT-based
temperature and humidity monitoring

C. Ethical Considerations

e Explainable artificial intelligence (AI) decision-
making.

e Opt-in only for biometric data collection

e There is no discrimination in service on the basis
of health conditions.

o Fair accessibility between train classes.

VIII. FUTURE WORK

A. Short-term Developments (1-2 years)

e FEmbarkation with glucose diabetes devices on
diabetic passengers.

¢ Internationalization of railway systems.

e Voice interfaces to the visually impaired.

B. Medium-term Vision (3-5 years)

Ethical personalization (based on genomes).

Incorporation with telemedicine services.

Different stations Autonomous delivery robots.
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C. Long-term Vision (5+ years)

End-to-end journey wellness ecosystem.

Predictive health intervention system

Combination with smart city facilities.
IX. CONCLUSION

Food Junction 2.0 is a major development in smart
transportation services towards a transcendence of
convenience to proactively improve passenger health
and wellbeing. Our study shows that Al-based
predictive nutritional systems will optimize their
results on various levels: passenger satisfaction
(9.2/10), nutritional quality (89%), economic savings
(68% waste), and health indicators (41% fatigue). The
combination of the temporal preference modeling,
real-time biometric adaptation and multi-stakeholder
optimization, which is unique to the system,
introduces a new paradigm of transportation services.
These intelligent systems will also be essential in the
development of sustainable and health-promoting
travel systems as the railway networks around the
world get modernized. Further development will be
aimed at adding functionality to the health monitoring
and connecting to the wider digital health systems,
which may make rail journeys not a means of
necessary travel but a wellness experience.
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