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STRUCTURE

1. Overview of the MOB Technical Features, Use-Case,
Workflow and Outputs

2. Example Deployment Results, National and
International Projects

3. Statistical Modelbuilding
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MOBILITY OBSERVATION BOX (MOB)
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* Weatherproof camera body

* Autonomous operation roughly 160 hours

* Reliable

» Highest data protection standards according to GDPR
* Unobtrusive

* Inconspicuous

26.03.2026 4
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EASY TO DEPLOY - NONDISRUPTIVE
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EXTRACTING BEHAVIOUR

» Safety on the Infrastructure through
movements & conflicts of road users

» The most immediate source of
critical events is observation

» Versatile approach through
trajectories

26/03/2026 6
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SURROGATE SAFETY MEASURES (SSM)
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Measures that aim to encode and quantify safety relevant interactions
Two Most Common Examples:

 Post Encroachment Time: Time difference for two road users that pass the same spot

« Time to Collision: Time until two road users would collide based on their current
movement
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PRODUCED VIDEO SNIPPETS
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WORKFLOW

Determine location to be captured on video (for
safety measures and/or flows)

T

Start data acquisition via No external power Easyto mount harness,
WiFi supply, 7-10days Weatherproof, Nondisruptive

— )

‘ Acquire videodata with MOB (encrypted) ‘

!

Obtain the box and extract data locally from the
box

I

‘ Run object detection (for instance YOLO) and tracking (for instance Strongsort) ‘

k.

‘ Use trajectory datato determine road user flows, speeds, accelerations ‘

|

‘ Derrive Surrogate Safety Measures and find conflicts ‘

/\

‘ Binary models to deterimine interaction criticality ‘ ‘ SGAM models to model the angle values of critical conflicts
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PROJECTION

Planar 2D representation
For producing distances and speeds
Some Means to achieve:

* Vectorbender QGIS Plugin
« Homography/Ray-Plane intersection

26.03.2026
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REGIONS OF INTEREST/ENCODING FLOWS
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EXTRACTED FEATURES

 Road User Types

* Areas traversed with timing

« Speeds (subject to smoothing)

« Accelerations (subject to smoothing)
» Distances

» Interaction candidates

« PET, TTC

* Angle of Interaction

» Duration of a collision course

» Duration of a following relation

« Location of potential collision (Image
and plane coordinates)

26.03.2026
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EXAMPLE: TRAFFIC CONSEQUENCES OF MNMT
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REROUTING
%o,
* On a large square in a major Austrian city

» Traffic affected by construction work

* Investigate traffic jams/backlog

* Analysis across 2 (potentially 3) MOBs

26.03.2026 14






EXAMPLE: WORKPLACE SAFETY ?

Investigate interactions of workers and
workspace traffic on an industrial estate

Movements outside of marked crossings
Driving against intended directions
Awareness raised and safety improved

26.03.2026
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EXAMPLE: TRAFFIC LOADS BEFORE BRIDGES

» Net gaps of heavy-duty vehicles in dense traffic evaluated
* Resulting gap distribution used to estimate bridge loads under dense traffic conditions
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EXAMPLE: TRAFFIC LOADS BEFORE BRIDGES

Distributions derived and published
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Subject to further work in current projects
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Ralbovsky, M., Aleksa, M., & Hula, A. (2025). Video-Based Object Recognition
for Identifying Vehicle Distances Needed in Bridge Load Evaluations. in
Transport Transitions: Advancing Sustainable and Inclusive Mobility (Band 5,
S. 285 - 291). (Lecture Notes in Mobility). Springer Nature Switzerland AG.
https://link.springer.com/chapter/10.1007/978-3-032-04774-8_42
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EUROPEAN PROJECTS

(AMIGOS)

Project AMIGOS employs the
MOB to do before and after
analyses (safety) on a large
scale (8 Cities)

Before/After Analysis for
safety and traffic

26.03.2026
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Trajectories obtained from video
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RESEARCH
ACCIDENTS

y-value in meters

QUESTION - CONFLICTS TO

PET-Events, Cluster Centers and Crashes in the Area of Investigation

— Pedestrion Trajeciory
— Cyodist Trjeciry

Maoreydist Trajeciory
— Cars Trajeciory
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EXAMPLE: MODELBUILDING

» Collision courses (TTC) and even PET can be combined with an interaction angle

interactions in given locales

Boxplot TTC vs Approaching area
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Count

Statistical analysis of there features allows to fit model to characterize safety relevant

approaching_area = rear-end approaching_area = lateral approaching_area = frontal
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Hula, A., Ziakopoulos, A., Losada Arias, A., Schaub, A., Saleh, P., & Yannis,
G. (2025). Trajectory-based indicators to determine the local character of
intersection conflicts: A micro-spatial analysis. Accident Analysis and
Prevention.
https://www.sciencedirect.com/science/article/pii/S0001457525002416
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MODELBUILDING

Trajectory-based indicators to determine the local character of intersection
conflicts: A micro-spatial analysis | AAP, 2025 | https://doi.org/10.1016/j.aap.2025.108155

Two types of models are featured in this research:

1) How likely are critical conflicts? — Random parameters binary model

l

2) How large are critical conflict angles? — Gaussian generalized additive spatial model

In other words, total MOB data set for (1), critical conflict subset for (2)

26.03.2026 25
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RANDOM PARAMETERS BINARY MODEL (1/2)

The probability of success (y; = 1), denoting a critical interaction is:

exp(BiX;)
1+ exp(lBle)f(ﬁll(p)dﬁl

PO =11%) = |

For each f;, the average and individual-specific effects are incorporated:
Bi= p+0Z

Mixed logit models require simulation by Halton draws.

26.03.2026 26



RANDOM PARAMETERS BINARY MODEL (2/2)

Parameter Estimate = Std. Error = z-value p-value
Constant 0.344 0.013 @ 26.056  <0.001
Speed_Road User_1 -1.817 0.048 | -37.577 | <0.001
Standard deviation of Speed_RU _1 1.466 0.074 ;| 19.821  <0.001
Speed Road User 2 0.085 0.013 6.774 . <0.001
Standard deviation of Speed_RU_2 1.767 0.071 ;. 24.814 = <0.001
Max_Accel_Road User 1 -0.094 0.016 1 -5.810 ' <0.001
Standard deviation of Max_Accel RU_1 1.731 0.077 1 22.591 <0.001
Max_Accel Road User 2 -0.332 0.017 { -20.083 | <0.001
Standard deviation of Max_Accel RU_2 0.893 0.074 ;| 12.014  <0.001
Road_User_1 = Pedestrian [ef. cat = Car] -1.413 0.046 | -30.987 = <0.001
Road_User_1 = Cyclist (ref. cat = Car] 0.413 0.042 9.723  <0.001
Road_User_1=PTW [gef. Cat = Car] -0.783 0.069  -11.339 = <0.001
Road_User 1 = Delivery van (ref. cat = Car] -0.768 0.070 ; -10.969 . <0.001
Road_User_1 = Tram (ref. cat = Car] -0.726 0.076 | -9.536 , <0.001
Road_User 2 = Pedestrian [ref. Cat = Car] -47.403 67.093 ¢ -0.707 0.480
Road_User_2 = Cyclist [ref. Cat = Car] -1.239 0.047 © -26.396  <0.001
Road_User_2 =PTW [ref. Cat = Car] -1.158 0.083 ; -13.867 : <0.001
Road_User 2 = Tram [ref. Cat = Car] -49.586 104.269 = -0.476 0.634

26.03.2026

Most variables statistically significant & all
random effects statistically significant

VIF testing confirmed no noticeable
multicollinearity (max VIF value ~ 2.42)

Higher volatility in road user speeds, in leading
and following road users, lead to more critical
conflicts

Pedestrians are less likely to be involved in a
critical conflict as leading road users

27



GAUSSIAN GENERALIZED ADDITIVE SPATIAL AITgsT o
MODEL (1/2) UL Vs

The GAM mathematical formulation is:

j K
g(EY;]D = Bo + ZBinj + Z fx(Zix)
=1 k=1

With f;, referring to non-linear smoothening effects of covariates. It can be upgraded as a
Spatial-GAM as:

g(E[Y;]) = Bo + z BiXij + fi(xin, ¥i1) + f2(Xiz2, ¥iz2) + f3(Xi1, Vit, Xiz, Viz)
=

Due to the angle data, two transformations were also done:
1) Scale from 0°-180° to 0-1

2) Angle logit transformation: st.angle;,g; = In (M)

1-st.angle

26.03.2026 28



GAUSSIAN GENERALIZED ADDITIVE SPATIAL M0 T s
MODEL (2/2)

Parameter Estimate : Std. Error ;| z-value = p-value
Constant 0.971 0.228 4.266 @ <0.001
Duration -0.028 0.007 . -4.256 @ <0.001
Speed Road User 2 -0.218 0.034 -6.396 . <0.001
Time to distance remaining -1.507 0.113 : -13.339 = <0.001
Max_Accel Road User 2 0.063 0.014 4.452 © <0.001
Max_Decel Road User 2 0.048 0.014 3.407 ¢ <0.001
Smooth Term EDF Ref.DF  F  p-value
s(x_position_1, y position_1) 12267 1647 1 3.059  <0.001
s(x_position 2,y position_2) 8.184  11.34 3405  0.001
ti(x_position 1,y position 1, X position 2,y position 2) 1 22.091 2558 | 3.695 <0.001

26.03.2026
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All variables & the 3 smooth terms are
statistically significant

Duration of the critical conflict in frames, speed
of the following road user, and remaining time-
to-distance all reduce conflict angle values

The configuration of the conflict appears to be
exclusively influenced by the kinematics of the
following road user and not the leading one

29
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S-GAM DIAGNOSTIC PLOTS (1/2)

Resids vs. linear pred.

theoretical quantiles

Histogram of residuals

linear predictor

Response vs. Fitted Values

26.03.2026

Fitted Values

Q-Q plot: the empirical points follow
the theoretical line, indicating that
the normalcy assumption holds

Residuals look normal and
randomly-evenly distributed

S-GAM with 2 transformations
looks like a good fit

The model results can thus be
interpreted with confidence

30
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tige_position_1.y_position_1.x_position_2.y_posiion_22209)

x_position_2
-8.456

-0.033

-16.880

Predicted effect of the smooth function (left figures)

Interaction graph (right figure). Brighter areas: positive
influences of the interactions which increase critical

conflict angles
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Combining MOB and surrogate safety measures within a data-driven
spatial framework provides a scalable and efficient method for
understanding intersection safety, particularly for VRUs.

« MOB video data enabled extraction of detailed trajectory-based
safety measures.

« Speed, acceleration, and user type significantly influence critical
conflict likelihood.

» Distinct behavioural patterns observed across different road user
groups.

« Conflict angles driven by following user kinematics (and leading
user position).

« Method supports targeted interventions, infrastructure design, and
simulation calibration.

26.03.2026 32
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