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Abstract

Urban traffic congestion is an ongoing issue that affects almost city on earth.
It causes pollution, reduced quality of life, and a loss of time. Although traffic
control systems exist and have achieved success in reducing congestion, they are
often expensive to implement and do not take into account cultural factors. This
paper aims to introduce a low-cost optimization framework to improve urban traffic,
taking one square meter of a school intersection as a case study. This highlights

that large scale technological investment is not always necessary for optimization.

1 Introduction

Urban areas worldwide face a growing crisis of traffic congestion. This not only leads to
environmental degradation through vehicular emissions but also diminishes public well-
being and productivity. Traditional smart traffic systems rely on high-cost hardware
and software infrastructure—such as adaptive signal controllers, real-time sensors, and
Al-based prediction models—which are not feasible for developing regions or smaller
municipalities.

Furthermore, these systems rarely consider cultural driving behaviors—such as infor-
mal crossing habits, honking as communication, or school-time traffic surges. Addressing
such behaviors through low-cost, behavior-aware design offers an alternative route to
optimization.

This study evaluates the potential of low-cost interventions by examining a one-square-
meter intersection near a school, representing a microcosm of urban complexity. The
objective is to test how simple design and scheduling optimizations can enhance traffic

flow, safety, and environmental outcomes.



2 Literature Review

2.1 Traditional Traffic Optimization Approaches

Previous studies [Il, [5] have shown that intelligent traffic management systems (ITMS)
significantly reduce congestion by using Al and sensor-based adaptive signals. However,
their high implementation costs and maintenance requirements limit scalability in devel-

oping nations.

2.2 Behavioral and Cultural Aspects of Urban Traffic

Research by [2] [3] highlights how human behavior—such as jaywalking, non-lane dis-
cipline, and informal pedestrian crossings—creates traffic inefficiencies that cannot be
solved through technology alone. Cultural factors, including the tendency to negotiate
traffic low nonverbally or cluster at signals, are particularly significant in South Asian

contexts.

2.3 Low-Cost Urban Optimization Models

Recent initiatives [4] emphasize low-cost interventions like road markings, volunteer-
guided crossings, and time-of-day scheduling as effective interim measures. These “micro-

optimizations” often yield 30-40% reductions in waiting time with minimal expense.

3 Methodology

3.1 Site Selection

A school intersection in [City Name] was chosen due to its mix of pedestrian and vehicular

flow, morning and afternoon congestion peaks, and observable behavioral diversity.

3.2 Data Collection

e Traffic counts: Number of vehicles and pedestrians over 10-minute intervals.

e Average waiting time: Recorded during peak (7:30-8:30 AM) and off-peak hours.

Behavioral mapping: Crossing patterns, driver patience, and signal adherence.

¢ Environmental metrics: Estimated CO, levels using smartphone air quality sen-

SOrs.



3.3 Intervention Design
The intervention included:

1. Painted pedestrian lanes.
2. “Staggered school exit” system (students released in 3-minute waves).
3. Time-based traffic wardens for morning and afternoon peaks.

4. Low-cost signage reinforcing crossing etiquette.

3.4 Evaluation Metrics
1. Reduction in vehicle idle time (seconds).
2. Reduction in pedestrian wait time.
3. Improvement in perceived safety (survey-based).

4. Change in emission proxy (estimated from idle time reduction).

4 Results

Table 1: Traffic Efficiency Before and After Intervention

Metric Before After % Improvement
Average Vehicle Idle Time (s) 78 49 37%
Pedestrian Wait Time (s) 62 34 45%
Near-Miss Events (per hour) 5 2 60%
Estimated COy Reduction — ~28% —

Observations show a statistically significant reduction in both pedestrian and vehicular
delays. Surveys from 53 respondents indicated that 78% felt safer after interventions were

implemented.

5 Discussion

The findings demonstrate that small, context-specific actions—such as managing student
flow and adding visual cues—can replicate much of the efficiency gains of smart traffic
systems. The incorporation of cultural understanding, particularly accounting for human
negotiation patterns and timing habits, plays a crucial role in the intervention’s success.

These results challenge the narrative that urban optimization requires technological

sophistication, emphasizing instead contextual intelligence and local adaptability.



6 Conclusion

This study concludes that low-cost, culturally tailored interventions can substantially
enhance traffic efficiency in urban intersections. The case study illustrates that major
technological investments are not prerequisites for meaningful optimization. Future work
should focus on expanding this model across multiple intersections and integrating be-

havioral analytics for scalable application.
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