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Introductlon ?HOEBE

traffic signals suddenly stop working?

: } c = Driver Behavior During a Traffic Signal Failure in Central Athens

= Traffic signal failures create rare natural experiments

Pedestrian behavior has been a focal topic in transport safety and behavioral
modeling.

Traffic signals govern the interactions between pedestrians
and vehicles at city intersections.

Why study traffic signal failures?

They remove formal traffic control and
reveal how pedestrians and drivers:

* negotiate priority

« accept traffic gaps

» interact without signal guidance

« self-organize in real time

How do pedestrians and drivers adapt when
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Study Area & Data

Location: Omonoia Square, Athens.

Dataset:

* T-hour traffic signal failure.

« Video recording from smartphones mounted on tripods.
«  Daylight conditions.

*  Naturalistic observations.

Manual Observation collected:
* pedestrian crossing
* vehicle movements
« demographic characteristics cycle  (me fime  duation 1Ol female  male <35 > PT  Other
* crossing cycles

Ped 0 12 12 10 5 5 1 4 5 0 0 0 0 0

X ) Toveh 48 84 0 0 0 0 0 0 9% 30 32 33 1
Video processing produced: 2 Ped 1 49 6 10 2 8 3 5 2 0 0 0 0 0
« Coordinates, Trajectories Veh 1 52 106 0 o o 0 0 0 75 37 27 1 0
. Speeds 3 Ped 3 8 8 15 7 8 5 4 6 0 0 0 0 0
Veh 3 16 37 0 0 0 0 0 0 43 19 16 8 0

e TTC, PET 4 Ped 3 53 7 3 2 2 i 0 0 0 0 0 0
2, Veh 4 1 9 0 0 0] 0 0] 0 12 / 2 > 0]
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Methodology

Video Recording

\

/

-

-

Computer
Vision Pipeline

~

/

£ W\ Roussou et al., When the Lights Go Out: Observing Pedestrian and
€0 :12) Driver Behavior During a Traffic Signal Failure in Central Athens

4 N

YOLOv8 Detection

ResNet50 Feature
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Trajectory Generation
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Descriptive statistics
ANOVA
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Hierarchical Clustering

\ /




Duration (sec) by cycle type - 1 hour

Statistical Results (1)
100 1
* The dataset exhibits a bimodal structure. E— :
* Pedestrian cycles are shorter and less variable (mean = E a0 8
12.65's, SD = 10.22), while )
« vehicle cycles are longer and more heterogeneous (mean = 0 l =
55.79 s, SD = 43.03). 0 1

0 = wehicles, 1 = pedestrians

« The boxplot reveals that vehicle cycles dominate the upper

duration number of  number of  vehicle_

tail of the duration distribution, indicating extended e Reces R e e O e e
intersection occupation and delayed clearance once Mean 3416 7.6 3388 3344 34.88
vehicles enter. Std 36.79 10.12 42.82 35.64 38.27
. . .. Min 0.00 0.00 0.00 0.00 0.00

« From the descriptive statistics we understand, that once

. . L. 25% 868 0.00 0.00 9.98 8.52
yehlcles galned priority, they tended to occupy the o 5 om g o
intersection for extended intervals before yielding to —— . EERTTT v B e
pedestrians. Max 13049 35.00 14400  129.08 130.49
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Statistical Results (2)

To assess the reliability of the automated video-
based analysis a comparison with manually
observed data over a one-hour period was
implemented.

Pedestrians per minute

Both datasets were aggregated at one-minute
intervals and analyzed in parallel.

The automated measurements exhibited a close
alignment with the manually observed trends,
accurately reflecting the temporal variability of
pedestrian and vehicular activity at the site.

Vehicles per minute

Minor differences across individual minutes
correspond to natural variations in crossing
patterns, confirming that the algorithm successfully
captures real-world movement dynamics rather
than frame-level noise.
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Quantitatively, the automated counts reproduced
the manually observed flows with minute-level
deviations below 10 pedestrians on average and
around 40 vehicles per minute.




Duration vs Vehicle count

Statistical Results (3) N
* The Pearson correlation between vehicle count and . % .
total cycle duration was r = 0.799, p < 1.49x107%, : ” % .
demonstrating a strong linear association. 2 1y . ®
40 - - °
 Cycles with higher vehicle flow lasted longer, 20- X
suggesting congestion amplifies cycle length once 0 I o oo
vehicles take control. °© 20 0 6 @ 100 120 0

Number of vehicles

* In contrast, pedestrian count had a weak, non-
significant correlation with duration (r = 0.22, p =

duration number_of_

(sec) pedestrians female male Below35 Above 35

Speed group

0.13), indicating that pedestrian groups cross for Quick 794 1083 554 537 258 31
relatively fixed times regardless of size. R

* Larger, older, or female-dominated groups required * Quick crossings typically involved small,
substantially longer crossing durations, consistent younger groups who entered assertively,
with experimental studies on pedestrian often during short gaps in traffic.
coordination and mobility.
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LEGEND

Behavioral Observations ==

PEDESTRIAN GATES

Main observations:
« pedestrians waited long before crossing

=right
VEHICLE GATES

= =upstream

————  =middlestream |

« one person usually initiated movement,

 this “leader-follower” dynamic produced
waves of collective crossings, often composed §
of six to ten pedestrians moving together

« elderly pedestrians waited longer -

* vehicles mostly occupied the crossing

PEDESTRIAN GATES
=left
=middle

= right

Collective gap acceptance emerged —

= upstream

naturally. oy

£ W\ Roussou et al., When the Lights Go Out: Observing Pedestrian and
€0 :12) Driver Behavior During a Traffic Signal Failure in Central Athens




Machine Learning Results

* The algorithm confirmed the primacy of age Pelow 35 years 037
and gender composition over traffic-related - i
factors. Number of Pedestions o
« Once demographic structure was included, the Numbet”:f""VehideS z;zz
number of vehicles contributed no predictive S 006
power, implying that pedestrian dynamics are
se If_ d eterm | ne d . Feature Importance: Determinants of Crossing Duration
Most important variables
+  Age <35
© Age >65 T
* Female o
« Number of pedestrians
* Vehicle volume had almost no predictive s
power 0 005 odo els o0 2 0k o
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Behavioral Patterns

Hierarchical clustering using Ward'’s method (identified three distinct behavioral regimes in the 9-dimensional
standardized feature space:
1. Vehicle-dominant -> long vehicle phases

2. Then, the pedestrian-cautious cycles which has moderate durations, high pedestrian counts, elderly presence

3. Opportunistic short crossings from younger pedestrians

Road users self-organize despite the absence of signal control.

Hierarchical Clustering Dendrogram of Crossing Cycles
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Discussion

» Drivers dominate intersection occupation.
> Pedestrians rely on social cues.

» Group behaviour reduces uncertainty.

» Elderly users require larger accepted gaps.
> Stable behavioural norms appear quickly.

» Traffic did not collapse during the signal failure.

» Informal negotiation replaced formal traffic control.

» Human behaviour should be integrated into adaptive
traffic management systems.

» Computer vision provides scalable monitoring of urban
Interactions.
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Future Work

Future Work should include:

» More hours of this “naturalistic experiment”.

» Different and multiple signalized intersections.

» Different cities in order to integrate the cultural
component.

» TTC/PET integration.
» Al behavioural prediction.

» Adaptive traffic signal control.
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