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Project Background

▪ Background
− With the rise of the micromobility transportation the last years, concerns about 

safety and traffic integration of the different types of vehicles still need to be 
addressed. The current camera-based road safety method is based on car 
collected data and focus on prevent risk for cars.

▪ Purpose
− The project leverages the latest image processing technology to develop a proof-

of-concept of an embedded camera-based safety system for micromobilities

▪ Project team 
− WP1: Chalmers University (Vehicle Safety division)
− WP2/3: Autoliv Development AB

▪ Time: 
− 2023 Sept – 2025 Dec
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Project Methodology

▪ “Safety = Detection + Evaluation + Action”

▪ Data collection with instrumented e-bike and e-scooter

▪ Monocular model training
− Car perspective to micromobility perspective
− Data collection
− Fine tune the models

▪ Micromobility safety system
− Sense surrounding traffic: pedestrian, micro-mobilities
− Visual cue and haptic cue
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Detection Model

▪ Work package goal

− Provide an open-source dataset and object-detection model

− Adding new classes: cyclist, e-scooter, e-scooterist, which 
are not supported by the SOTA detection model YOLO 

− New classes indicate vehicles not in use. For example, a 
standing e-scooter.

▪ Data preparation

− Semi-automated annotation of 2D bounding boxes
− Current progress: 4762 images annotated (including about 

10,000 pedestrians, 3,000 bicycles, 3,000 cyclists, 3,000 e-
scooters, 3,000 e-scooterists)

New class: e-scooter

Cyclist = person + bicycle

Image from: https://www.voi.com/blog/a-voi-e-scooter-guide-to-parking

Image from: 
https://github.com/zhreshold/mxnet-
yolo?tab=readme-ov-file
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Detection Model

▪ Model training

− Fine-tune YOLOv11 model with collected data

− Benchmark: 0.92 mAP (mean Average Precision) over 
all classes with intersection-over-union (IoU) 
threshold 0.5 (on unseen collected images).

Image from: https://www.voi.com/blog/a-voi-e-scooter-guide-to-parking

Example predictions
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Depth Estimation – Data processing

▪ Lidar-camera calibration :
− Intrinsic calibration
− Extrinsic calibration

▪ Data collection: 

− Ride the instrumented e-bike on real roads in Vårgårda
− Collect: images, Lidar points, GNSS, IMU, steering angle

▪ Data processing

− Project Lidar points cloud onto the camera image plane
− Convert projected Lidar points to densemap format
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Depth Estimation - Monocular Depth Estimation

▪ Monocular Depth Estimation is a fundamental problem with broad 
applications in robotics, autonomous driving  and safety domains

▪ The depth estimation model is trained by camera images and 
corresponding depth data from LiDAR data as ground truth
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Depth Estimation

▪ Performance improvement by finetuning the model on 
the in-house dataset:

− Root mean squared error (RMSE)
− DA1 RMSE drops from 7.87 to 2.50
− DA2 RMSE drops from 10.83 to 2.53

▪ Error distribution:

− Error and abs. error.
− The prediction error is smaller in near range (0~5m)

▪ Process speed:

− Depth estimation of two cameras: 5 Hz

Date Presentation Name

Approach δ1 δ2 δ3 AbsRel RMSE
DA1 (Zero-Shot) [Vit-S] 0.03 0.09 0.32 1.55 7.87
DA1 (In-house) [Vit-S] 0.80 0.91 0.95 0.218 2.50
DA2 (Zero-Shot) [Vit-S] 0.08 0.19 0.42 1.41 10.83
DA2 (In-house) [Vit-S] 0.82 0.96 0.98 0.17 2.53
Depth Pro (Zero-Shot) 0.29 0.64 0.87 0.57 9.53
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Safety System

▪ Safety algorithm

− Consider road users within 30m range

− Assume linear trajectory: extend to high order polynomial  

− Crash risk assessment by TTC

− Safe: >3s 

− Risky: 2~3s

− Hazard: <2s

▪ Target scenario

− Car and micromobility meet in intersection

− Pedestrian in front

▪ Proposed concept

− Pre study: High tech communication for safer bicycles (HANDLE)
− Combination of visual and vibrotactile cue
− Alert riders on escalated hazard level: 

− Safe: no warning
− Risky: visual cues 
− Hazard: vibrotactile cues 

Pedestrian in 
the e scooter 
lane

Vehicle and e-scooter 
collision (MAIS 2), 
paving cobble stones 
surface  (GIDAS data 
30190963 )

Vibrotactile cues

Visual cues

Proposed concept
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Demo
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▪ Improve classification and depth estimation models’ performance

▪ Mitigate the image alignment issues further with LIDAR depth points to improve generated depth maps

▪ Improve the safety algorithm in wobbling situation

▪ Working prototype
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Next steps
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Saving More Lives
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Saving More Lives
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