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KEY FINDINGS

Pipeline validated. MAE = 0.88 veh, GEHmax = 0.64, 19/22 lanes

n.s. vs. manual count.

Flow: 59.1 % of lanes (13/22) significantly biased — undercounts

dominate; peak overcount 756 % MAPE at low-volume Reimerstr.

Speed: 71.4 % of lanes (5/7) significantly biased; consistent

under-reporting at calibration-drifted sites.

Occupancy: 60.0 % of testable lanes (12/20) biased; weakest

agreement of the three metrics (r = −0.33 at Reimerstr.).

Hardware failure: Paul-Henri-Spaak-Straße — zero detector

output across all flights vs. real drone-recorded traffic.

CONCLUSION

A reproducible, drone-based audit framework that exposes

systematic ILD errors invisible to internal diagnostics directly

actionable for Munich’s ITS recalibration roadmap.
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METHODOLOGY

Study area: 6 signalised intersections · 22 detector lanes ·

Munich municipal network · 36 × 15-min UAV flights at 90–100 m

AGL.

Computer vision: YOLOv12s detector + DeepSORT tracking;

homography to EPSG:4647; cross-validated against manual

counts.

Three-stage QA: duplicate removal, fragment reconnection,

outlier excision.

Virtual loop gate: CCW-oriented gate over each ILD polygon

projects trajectories into physical-equivalent counts, speeds and

occupancies.

Statistics: MAE · MAPE · RMSE · GEH · Pearson r · R² · paired

t-tests (α = 0.05); 3-tier performance classification.

MOTIVATION

Munich’s adaptive signal control depends on inductive-loop

detectors (ILDs) reporting flow, speed and occupancy in real time.

Yet the accuracy of this field data has never been independently

verified in the operational network — directly impacting signal

timing, congestion estimates and emissions models.

RESEARCH QUESTIONS

RQ1 Is the UAV pipeline equivalent to manual ground truth?

RQ2 Can a virtual CCW loop gate replicate the physical ILD?

RQ3 What is the magnitude & significance of ILD errors across

flow, speed and occupancy?

RQ4  Do double-loop site outperform single-loop in flow accuracy?

Fig. 2 — UAV-derived vehicle trajectories at Kapuzinerstraße (YOLOv12s 

+ DeepSORT, projected through the virtual loop gate).

Fig. 1 — Methodology pipeline and audit outcomes across the 22 detector 

lanes (validated, biased, hardware failure).

Fig. 3 — Mean absolute flow error per detector lane (drone ground truth 

vs. ILD); red bars mark critical lanes (MAE > 30).
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