HPCSE Bl Scalable Simulation and Evaluation of

High Performance Computing

in Science and Engineering Adaptive Fuzzy Traffic Signal Controller
under Multi-Scenario Urban Conditions

_____

Sumaira Shaheen'-?, Jiri Dvorsky?

IT4Innovations, VSB-Technical University of Ostrava, Czech Republic <77~ = , o '...il_:.'"

—e " el -~

Department of Computer Science, VSB - Technical University of Ostrava,_C:zéch Réﬁbblic

1. PROBLEM STATEMENT

» Fixed-time traffic signals are inefficient in
dynamic urban environments. 5

» They cannot adapt to real-time fluctuations and
asymmetric traffic demand.

» This leads to longer queues, increased delay, time
loss, fuel consumption, and emissions.

2. PROPOSED APPROACH (MIT2FL)
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with the strongest performance under
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« MIT2FL reduces average queue length
Figure 1b: Scenario Wheel (4-leg). across all scenarios
« Maximum 1mprovement of 56.1%

Moditied InterYal Type-2 FUZZ}’ Logi.c .(MI.T2FL) compared with Modified Webster
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g ' 5. RESULTS AND DISCUSSION o
L Figure 3: Average Vehicle Time Loss Heatmap

3. MODIFIED INTERVAL TYPE-2 FUZZY LOGIC
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: (F(I):U)A L ENCE (KAR:"K_MEND';IL) : Compared to conventional methods | MIT2FL achieves lower vehicle time loss in
l o~ - - oo, « Best performance observed under high and all scenarios

v= v : asymmetric traffic conditions * Significant delay reduction under congested
 Improved stability and smoother traffic flow traffic conditions

| /1 Faster response to real-time traffic variations * Improved efficiency in medium and high

traffic demand

-- » Enhances overall traffic flow performance

4. DEFUZZIFICATION
(CENTROID)
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3. SIMULATION SETUP 59 24.1787 27.4706 12.0% HO% -1

MIT2FL achieves lower queue lengths across all

 SUMO-based simulation of a four-leg urban . vV
scenarios, with i1mprovements up to 56.1%

intersection
. tlfliileeCts(c)enarios covering low, medium, and high compared to Modified Webster. Performance Figure 4: Sensitivity Analysis
demand gains remain consistent across low, medium, and
« Balanced and asymmetric traffic flows considered high demand levels, confirming  strong * MIT2FL remains stable under +10%
 Evaluation metrics: queue length, waiting time, and adaptability to dynamic traffic conditions. traffic demand Vquatlon .
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£ reduced demand
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: s uncertainty
Figure 1a: SUMO Four-Leg Intersection Model Figure 2: Queue Length Comparison: MIT2FL vs MW

6. CONCLUSION

MIT2FL improved adaptive traffic signal control across nine SUMO-based demand scenarios. Compared with Modified Webster, i1t reduced queue length and
vehicle time loss, with stronger performance under medium, high, and asymmetric traffic conditions. These results show that interval type-2 fuzzy logic is a robust
approach for uncertainty-aware urban signal control.
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