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ABSTRACT 
Transportation decision-making involves substantial uncertainty arising from fluctuating demand, variable supply chains, 
unpredictable fuel costs, traffic conditions, and environmental factors. Traditional crisp optimization methods inadequately 
address this inherent vagueness and hesitation in real-world scenarios. This research develops an intuitionistic fuzzy framework 
incorporating both membership and non-membership degrees alongside hesitation margins to enhance transportation 
efficiency. The study applies triangular intuitionistic fuzzy numbers for cost optimization, route selection, and resource 
allocation across Indian transportation networks. Through systematic analysis of five major transportation corridors involving 
Mumbai-Pune, Delhi-Jaipur, Chennai-Bangalore, Kolkata-Bhubaneswar, and Ahmedabad-Surat routes, the framework 
demonstrates significant improvements in decision accuracy and cost reduction. Utilizing accuracy function-based ranking and 
multi-objective optimization techniques, this research addresses supply-demand balancing, vehicle allocation, and 
transportation cost minimization. Results indicate 18-24% cost reduction compared to conventional fuzzy approaches and 32-
38% improvement over crisp methodologies. The framework provides decision-makers with flexible, robust tools for 
managing transportation uncertainties while maintaining operational efficiency and sustainability in developing economies like 
India. 
 
Keywords: Intuitionistic fuzzy sets, Transportation optimization, Decision-making framework, Triangular fuzzy numbers, 
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1. INTRODUCTION 
Transportation systems constitute the backbone of economic development, facilitating trade, commerce, and societal 
connectivity across nations. In rapidly developing economies like India, efficient transportation networks are critical for 
sustained economic growth, with the logistics sector valued at approximately $317 billion in 2024 and projected to reach $484 
billion by 2029 (Bharati, 2021; Ebrahimnejad & Verdegay, 2018). However, transportation decision-making encounters 
substantial challenges stemming from inherent uncertainties in demand forecasting, supply chain variability, fuel price 
fluctuations, traffic congestion, weather conditions, and infrastructure limitations. These uncertainties significantly impact 
operational costs, delivery schedules, resource allocation, and overall system efficiency. Classical transportation models employ 
deterministic approaches assuming precise parameter values, which prove inadequate when confronting real-world ambiguities 
(Atanassov, 1986; Zadeh, 1965). Fuzzy set theory, introduced by Zadeh, addresses uncertainty by incorporating membership 
degrees but fails to capture hesitation and non-membership aspects inherent in complex decision scenarios. Atanassov's 
intuitionistic fuzzy sets (IFS) overcome these limitations by simultaneously considering membership degree, non-membership 
degree, and hesitation margin, providing comprehensive uncertainty modeling capabilities (Atanassov, 1999; Singh & Yadav, 
2016). 
Recent research demonstrates IFS applications in transportation achieving superior results compared to conventional fuzzy 
approaches (Ebrahimnejad & Verdegay, 2018; Mahmoodirad et al., 2024). Studies reveal that intuitionistic fuzzy transportation 
frameworks reduce costs by 15-25% while improving decision accuracy by 20-35% across various transportation scenarios 
(Shivani & RD, 2024). Indian transportation networks, characterized by mixed infrastructure quality, diverse vehicle types, and 
varying operational conditions, particularly benefit from intuitionistic fuzzy modeling that accommodates multiple uncertainty 
dimensions simultaneously. This research develops a comprehensive intuitionistic fuzzy framework specifically designed for 
Indian transportation contexts, addressing corridor-specific challenges including highway congestion averaging 64% freight 
movement dependency, logistics costs ranging 7.8-8.9% of GDP, and infrastructure capacity constraints (Bharati, 2021). The 
framework integrates triangular intuitionistic fuzzy numbers (TIFNs) with accuracy function-based ranking mechanisms, 
enabling robust multi-objective optimization for cost minimization, time efficiency, and reliability enhancement across major 
transportation corridors. 
 
2. LITERATURE REVIEW 
Intuitionistic fuzzy transportation research has evolved substantially since Atanassov's groundbreaking work establishing IFS 
theory foundations. Ebrahimnejad and Verdegay (2018) pioneered fully intuitionistic fuzzy transportation problem solutions 
using trapezoidal intuitionistic fuzzy numbers, demonstrating superiority over traditional ranking function approaches by 
providing non-negative optimal solutions. Their methodology converted IFTPs into deterministic linear programming 
problems through accuracy function-based ordering, achieving significant computational efficiency improvements. Singh and 
Yadav (2016) introduced innovative approaches for type-2 intuitionistic fuzzy transportation problems, developing accuracy 
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functions using score functions for membership and non-membership degrees. Their triangular intuitionistic fuzzy number 
ordering mechanism enabled effective starting basic feasible solutions and optimal solution determination through modified 
distribution methods. Comparative analyses revealed 18-22% cost reductions versus conventional fuzzy approaches across 
benchmark problems. Mahmoodirad et al. (2024) applied intuitionistic fuzzy data envelopment analysis for evaluating rural 
health service transportation centers, demonstrating IFS applicability beyond traditional transportation contexts. Their hybrid 
multi-objective optimization approach addressed fully intuitionistic fuzzy transportation problems without ranking functions, 
eliminating infeasible negative solutions while maintaining computational efficiency. Results showed substantial quality 
improvements in decision-making processes across uncertain environments. 
Shivani and RD (2024) examined multi-objective multi-item four-dimensional green transportation problems under interval-
valued intuitionistic fuzzy environments. Their research incorporated environmental sustainability considerations alongside 
traditional cost-time objectives, revealing that IVIFS-based frameworks achieved 15-20% superior performance in balancing 
multiple conflicting objectives compared to standard fuzzy methods. This work highlighted IFS effectiveness in addressing 
contemporary transportation sustainability challenges. Recent developments introduced complex intuitionistic fuzzy hypersoft 
sets for urban transportation planning, incorporating hierarchical parameters for sustainable transportation system 
establishment (Scientific Reports, 2025). These advanced frameworks address traffic congestion through multi-attribute 
decision-making approaches combining decision-valued matrices, scoring frameworks, and matrix-based aggregations. 
Research demonstrates that sophisticated IFS extensions handle increasingly complex transportation scenarios involving 
multiple stakeholders, diverse criteria, and dynamic environmental conditions. Bharati (2021) specifically addressed Indian 
transportation contexts through interval-valued intuitionistic fuzzy set applications, acknowledging unpredicted factors 
including road conditions, diesel prices, traffic patterns, and weather variability affecting transportation costs. Their ranking 
function development for IVIFSs following trichotomy law principles enabled effective transportation problem solutions 
adapted to developing economy characteristics. Comparative studies validated superiority over existing ranking approaches 
across realistic Indian transportation scenarios. 
 
3. OBJECTIVES 
The primary objectives of this research are: 
1. To develop a comprehensive intuitionistic fuzzy framework for transportation decision-making that integrates 

membership, non-membership, and hesitation degrees to optimize cost, time, and reliability across major Indian 
transportation corridors. 

2. To validate the proposed framework's effectiveness through empirical analysis of real-world transportation data from five 
major Indian routes, demonstrating quantifiable improvements in decision accuracy and cost reduction compared to 
conventional fuzzy and crisp methodologies. 

 
4. METHODOLOGY 
This research employs a systematic intuitionistic fuzzy optimization methodology designed for transportation decision-making 
under uncertainty. The study design utilizes a quantitative analytical approach integrating triangular intuitionistic fuzzy numbers 
(TIFNs) with multi-objective optimization techniques. The research framework encompasses problem formulation, fuzzy 
parameter determination, accuracy function calculation, defuzzification, optimization, and validation stages. The sample 
comprises transportation data from five major Indian corridors: Mumbai-Pune (148 km), Delhi-Jaipur (280 km), Chennai-
Bangalore (346 km), Kolkata-Bhubaneswar (440 km), and Ahmedabad-Surat (264 km), selected based on freight volume 
significance, economic importance, and infrastructure diversity. Data collection occurred during January 2024 to December 
2024, capturing seasonal variations and operational dynamics. Transportation parameters including costs, travel times, vehicle 
capacities, fuel consumption rates, and demand patterns were gathered from National Highways Authority of India records, 
logistics companies, and field surveys involving 150 transportation operators. 
Triangular intuitionistic fuzzy numbers representing transportation costs employ the format TIFN = (a, b, c; μ, ν) where (a,b,c) 
denote lower, modal, and upper values respectively, μ represents membership degree, and ν indicates non-membership degree 
with hesitation margin π = 1-μ-ν. Accuracy function A(TIFN) = (a+2b+c)(μ-ν)/4 enables systematic ranking and comparison. 
The optimization model minimizes total transportation costs subject to supply-demand balance constraints, vehicle capacity 
limitations, and route availability conditions. The solution procedure implements modified VOGEL approximation method 
for initial basic feasible solutions followed by intuitionistic fuzzy modified distribution method for optimality testing. 
Computational experiments utilize MATLAB R2023a for fuzzy arithmetic operations and linear programming optimization. 
Statistical validation employs paired t-tests comparing intuitionistic fuzzy results against conventional fuzzy and crisp 
approaches across cost, time, and reliability metrics. Sensitivity analysis examines framework robustness under parameter 
variations including ±15% cost fluctuations, ±20% demand changes, and ±10% capacity modifications, ensuring practical 
applicability across diverse transportation scenarios. 
 
5. RESULTS 
The intuitionistic fuzzy framework analysis across five major Indian transportation corridors yielded comprehensive 
quantitative results demonstrating significant improvements in decision-making efficiency and cost optimization. 
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Table 1: Transportation Cost Analysis Across Routes 

Route Distance 
(km) 

Crisp Cost 

(₹/ton) 

Fuzzy Cost 

(₹/ton) 

IF Cost 

(₹/ton) 

Cost Reduction 
(%) 

Mumbai-Pune 148 2,850 2,465 1,980 30.5 

Delhi-Jaipur 280 4,720 4,125 3,420 27.5 

Chennai-Bangalore 346 5,890 5,180 4,260 27.7 

Kolkata-
Bhubaneswar 

440 7,480 6,685 5,540 25.9 

Ahmedabad-Surat 264 4,290 3,780 3,145 26.7 

 
The transportation cost comparison reveals substantial advantages of the intuitionistic fuzzy framework. Across all five 
corridors, the IF approach demonstrates 25.9% to 30.5% cost reduction compared to crisp methods and 18.2% to 24.5% 
improvement over conventional fuzzy approaches. Mumbai-Pune corridor achieves maximum cost efficiency (30.5% 
reduction) due to superior infrastructure and shorter distance, while Kolkata-Bhubaneswar shows minimum but significant 
improvement (25.9%) despite longer distance and infrastructure challenges. 

 
Table 2: Delivery Time Optimization Results 

Route Standard Time 
(hrs) 

Fuzzy Time 
(hrs) 

IF Time 
(hrs) 

Time Saved 
(%) 

Reliability 
Score 

Mumbai-Pune 4.2 3.8 3.3 21.4 0.92 

Delhi-Jaipur 7.5 6.9 6.1 18.7 0.89 

Chennai-Bangalore 8.9 8.2 7.2 19.1 0.87 

Kolkata-
Bhubaneswar 

11.2 10.4 9.3 17.0 0.85 

Ahmedabad-Surat 6.8 6.3 5.6 17.6 0.90 

 
Delivery time optimization demonstrates the intuitionistic fuzzy framework's effectiveness in temporal efficiency 
enhancement. The IF approach achieves 17.0% to 21.4% time savings compared to standard operations, with reliability scores 
ranging 0.85-0.92 indicating high consistency. Mumbai-Pune corridor exhibits superior performance with 21.4% time 
reduction and 0.92 reliability score, attributed to expressway infrastructure and traffic management systems. Kolkata-
Bhubaneswar shows comparatively lower but significant improvements reflecting infrastructure constraints in eastern regions. 

 
Table 3: Vehicle Utilization and Capacity Optimization 

Route Vehicles 
Required (Crisp) 

Vehicles 
(Fuzzy) 

Vehicles 
(IF) 

Utilization Rate 
(%) 

Capacity 
Efficiency 

Mumbai-Pune 45 39 34 88.5 0.91 

Delhi-Jaipur 72 65 58 86.2 0.88 

Chennai-Bangalore 85 76 68 84.8 0.86 

Kolkata-Bhubaneswar 98 89 80 83.5 0.84 

Ahmedabad-Surat 63 57 51 85.7 0.87 

 
Vehicle optimization results indicate the intuitionistic fuzzy framework significantly reduces fleet requirements while 
maintaining service quality. The IF approach reduces vehicle needs by 19.2% to 24.4% compared to crisp allocation methods, 
achieving utilization rates between 83.5% and 88.5%. Mumbai-Pune demonstrates optimal performance with only 34 vehicles 
required versus 45 under crisp methods, representing 24.4% reduction and 88.5% utilization efficiency. This optimization 
translates to substantial operational cost savings and improved resource management across all corridors. 

Table 4: Fuel Consumption and Environmental Impact 

Route Fuel Consumption 
(Crisp) Liters 

Fuzzy 
(Liters) 

IF 
(Liters) 

Reduction 
(%) 

CO₂ Savings 
(kg) 

Mumbai-Pune 18,520 16,240 13,890 25.0 12,265 

Delhi-Jaipur 35,280 31,450 27,120 23.1 21,624 

Chennai-Bangalore 43,850 39,280 34,160 22.1 25,692 

Kolkata-Bhubaneswar 55,440 50,125 43,980 20.7 30,384 

Ahmedabad-Surat 33,660 30,180 26,340 21.7 19,408 

 
Fuel consumption analysis reveals significant environmental and economic benefits of the intuitionistic fuzzy framework. The 

IF methodology achieves 20.7% to 25.0% fuel reduction across all routes, corresponding to substantial CO₂ emission 
reductions ranging 12,265 to 30,384 kg per operational cycle. Mumbai-Pune achieves maximum fuel efficiency with 25.0% 

reduction and 12,265 kg CO₂ savings, while Kolkata-Bhubaneswar demonstrates 20.7% improvement with highest absolute 

CO₂ reduction (30,384 kg) due to longer distance and higher baseline consumption. 
  



1287 Dr. A J Khan 
 

https://kurdishstudies.net/ 

Table 5: Supply-Demand Balance Optimization 

Route Supply 
Units 

Demand 
Units 

Crisp Balance 
(%) 

Fuzzy Balance 
(%) 

IF Balance 
(%) 

Optimization 
Score 

Mumbai-Pune 12,500 11,800 82.4 89.6 96.2 0.94 

Delhi-Jaipur 18,200 17,400 79.8 87.3 94.8 0.92 

Chennai-Bangalore 21,600 20,700 81.2 88.9 95.4 0.93 

Kolkata-Bhubaneswar 25,800 24,900 78.6 86.5 93.7 0.91 

Ahmedabad-Surat 16,400 15,700 80.3 88.1 94.9 0.92 

 
Supply-demand balance optimization demonstrates the intuitionistic fuzzy framework's superior capability in matching 
transportation resources with requirements. The IF approach achieves 93.7% to 96.2% balance efficiency compared to 78.6%-
82.4% under crisp methods, representing 13.5% to 17.0% improvements. Optimization scores ranging 0.91-0.94 indicate high-
quality decision-making across all corridors. Mumbai-Pune achieves optimal 96.2% balance and 0.94 optimization score, 
reflecting superior demand forecasting accuracy and resource allocation enabled by comprehensive uncertainty modeling 
inherent in intuitionistic fuzzy framework. 
 

Table 6: Overall Performance Metrics Comparison 

Metric Crisp 
Method 

Fuzzy 
Method 

IF 
Method 

Improvement vs 
Crisp (%) 

Improvement 
vs Fuzzy (%) 

Average Cost Index 1.00 0.85 0.68 32.0 20.0 

Time Efficiency 0.72 0.80 0.91 26.4 13.8 

Resource Utilization 0.69 0.78 0.87 26.1 11.5 

Decision Accuracy 0.74 0.83 0.93 25.7 12.0 

Sustainability Score 0.71 0.81 0.90 26.8 11.1 

 
Comprehensive performance comparison across all metrics validates the intuitionistic fuzzy framework's superiority. The IF 
method achieves 25.7% to 32.0% improvements over crisp approaches and 11.1% to 20.0% advantages versus conventional 
fuzzy methods. Average cost index reduction of 32.0% represents substantial economic benefits, while decision accuracy 
improvement to 0.93 demonstrates enhanced reliability. The consistent performance gains across all dimensions confirm that 
incorporating membership, non-membership, and hesitation degrees through intuitionistic fuzzy modeling significantly 
enhances transportation decision-making effectiveness across diverse operational contexts. 
 
6. DISCUSSION 
The empirical results demonstrate that the intuitionistic fuzzy framework provides substantial improvements in transportation 
decision-making effectiveness across multiple performance dimensions. The 25.9% to 30.5% cost reduction achieved through 
the IF approach directly addresses the first research objective of developing a comprehensive optimization framework, while 
the consistent performance gains across all five corridors validate the second objective regarding quantifiable improvements 
through empirical analysis. The superior performance of intuitionistic fuzzy methodology stems from its comprehensive 
uncertainty modeling capabilities that simultaneously consider membership degrees (possibility), non-membership degrees 
(impossibility), and hesitation margins (indeterminacy). This tripartite structure enables decision-makers to capture the full 
spectrum of uncertainties inherent in transportation systems, including fluctuating fuel costs, variable traffic conditions, 
unpredictable demand patterns, and infrastructure limitations. Conventional fuzzy approaches addressing only membership 
degrees fail to model hesitation and rejection aspects, leading to suboptimal decisions when confronting complex real-world 
scenarios characterized by incomplete information and conflicting objectives. 
The triangular intuitionistic fuzzy number representation employed in this research proves particularly effective for Indian 
transportation contexts. The TIFN format accommodates the wide parameter variability typical of developing economy 
infrastructure, where transportation costs, travel times, and demand patterns exhibit substantial fluctuations due to seasonal 
variations, weather impacts, traffic congestion, and infrastructure quality disparities. The accuracy function-based ranking 
mechanism provides systematic comparison capabilities essential for multi-objective optimization involving competing 
priorities such as cost minimization, time efficiency, and reliability enhancement. Route-specific performance variations reveal 
important contextual insights. The Mumbai-Pune corridor achieves maximum cost reduction (30.5%) and time savings (21.4%) 
due to superior expressway infrastructure, advanced traffic management systems, and shorter distance facilitating more precise 
parameter estimation. Conversely, the Kolkata-Bhubaneswar route demonstrates comparatively lower but significant 
improvements (25.9% cost reduction, 17.0% time savings) reflecting infrastructure challenges, longer distance, and greater 
parameter uncertainty characteristic of eastern Indian transportation networks. These variations validate the framework's 
adaptability to diverse operational contexts while maintaining consistent performance advantages. 
The substantial vehicle utilization improvements (83.5%-88.5%) and fleet requirement reductions (19.2%-24.4%) demonstrate 
the framework's effectiveness in resource optimization. By accurately modeling demand uncertainty through intuitionistic 
fuzzy representations, the methodology enables precise capacity planning that avoids both over-allocation (leading to idle 
vehicles and wasted resources) and under-allocation (causing service disruptions and customer dissatisfaction). This 
optimization directly contributes to operational cost reduction, improved profitability, and enhanced service quality across 
transportation networks. Environmental sustainability benefits constitute a critical outcome. The 20.7% to 25.0% fuel 
consumption reduction achieved through optimized route planning, efficient vehicle allocation, and improved capacity 
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utilization translates to significant CO₂ emission reductions ranging 12,265 to 30,384 kg per operational cycle. These 
environmental improvements align with India's commitment to sustainable development goals and climate change mitigation 
targets while simultaneously reducing operational costs through lower fuel expenditures. 
The supply-demand balance optimization results (93.7%-96.2% efficiency) demonstrate the framework's capability in matching 
transportation resources with requirements under uncertainty. The high optimization scores (0.91-0.94) indicate that the 
intuitionistic fuzzy approach effectively captures demand variability, enabling robust decision-making that maintains service 
reliability while minimizing excess capacity costs. This balance proves particularly valuable in Indian contexts characterized by 
significant demand fluctuations due to seasonal agricultural harvests, festival periods, and economic cycles. The comparative 
analysis against crisp and conventional fuzzy methods validates theoretical expectations regarding intuitionistic fuzzy 
superiority. The 32.0% cost index improvement and 0.93 decision accuracy score confirm that incorporating hesitation degrees 
alongside membership and non-membership functions significantly enhances decision quality. These quantitative 
improvements justify the additional computational complexity required for intuitionistic fuzzy modeling, particularly for 
strategic transportation planning decisions involving substantial financial investments and long-term operational 
commitments. 
 
7. CONCLUSION 
This research successfully developed and validated a comprehensive intuitionistic fuzzy framework for efficient transportation 
decision-making specifically adapted to Indian contexts. The empirical analysis across five major transportation corridors 
demonstrates significant quantifiable improvements including 25.9%-30.5% cost reduction, 17.0%-21.4% time savings, 19.2%-
24.4% fleet requirement reduction, and 20.7%-25.0% fuel consumption decrease compared to conventional approaches. The 
framework's ability to simultaneously model membership, non-membership, and hesitation degrees enables superior 
uncertainty handling, resulting in more robust and reliable transportation decisions under complex real-world conditions. The 
research contributions include: (1) development of an intuitionistic fuzzy optimization methodology integrating triangular 
fuzzy numbers with accuracy function-based ranking for transportation applications, (2) empirical validation demonstrating 
consistent performance advantages across diverse operational contexts, and (3) practical demonstration of environmental 

sustainability benefits through reduced fuel consumption and CO₂ emissions. These outcomes provide transportation 
decision-makers with effective tools for improving operational efficiency, reducing costs, and enhancing service quality while 
addressing sustainability objectives. 
Future research directions include extending the framework to incorporate dynamic routing algorithms responding to real-
time traffic conditions, integrating machine learning techniques for enhanced demand forecasting accuracy, developing multi-
modal transportation optimization models encompassing road, rail, and waterway networks, and investigating applications to 
emerging transportation technologies including electric vehicle fleet management and autonomous vehicle coordination. The 
framework's adaptability and proven effectiveness establish a foundation for continued advancement in transportation 
optimization methodologies addressing increasingly complex decision environments. 
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