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Micromobility options like e-scooters and e-bikes are 
growing rapidly, creating new safety challenges in 
urban environments. The MicroVision project 
addresses these issues by developing a camera-
based rider safety system that combines object 
detection and depth estimation, successfully tested to 
provide timely collision warnings. 
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Sammanfattning 
Mikromobilitetsalternativ som elsparkcyklar och elcyklar har snabbt ökat i 
stadsmiljöer och erbjuder hållbara transportlösningar. Denna tillväxt har dock medfört 
nya säkerhetsutmaningar, inklusive konflikter med fotgängare och andra trafikanter 
samt begränsad anpassning av infrastrukturen. MicroVision-projektet – ett samarbete 
mellan Autoliv och Chalmers tekniska högskola – syftar till att förbättra säkerheten för 
mikromobilitet genom ett kamerabaserat säkerhetssystem för elsparkcyklar och 
elcyklar. 
 
Systemet integrerar två AI-modeller: en objektklassificeringsmodell (YOLO-baserad) 
för att upptäcka omgivande trafikanter, samt en djupestimeringsmodell 
(DepthAnything-baserad) för att mäta avstånd och förutsäga rörelsebanor. 
Träningsdatamängderna samlades in med specialanpassade utrustningar på 
elsparkcyklar och elcyklar, utrustade med kameror och LiDAR-sensorer. 
Säkerhetssystemet körs på en NVIDIA Jetson AGX Orin-plattform och ger visuell och 
haptisk återkoppling till föraren via LED-remsor och vibrerande styren. 
 
Projektet har framgångsrikt skapat och publicerat klassificeringsdatamängder, tränat 
modeller och utvecklat djupestimeringsmodellen. Dessutom har säkerhetssystemet 
implementerats och testats i två scenarier med fotgängare, där det gav tidiga 
varningar (≥2 sekunder före en potentiell kollision). 



English summary 
Micromobility options such as e-scooters and e-bikes have grown rapidly in urban 
areas, offering sustainable transportation alternatives. However, this growth has 
introduced new safety challenges, including conflicts with pedestrians and other road 
users, and limited infrastructure adaptation. The MicroVision project, a collaboration 
between Autoliv and Chalmers University, aims to improve micromobility safety 
through a camera-based rider safety system for e-scooters and e-bikes. 
 
The system integrates two AI models: an object classification (YOLO-based) to 
detect surrounding road users, and a Depth estimation (DepthAnything-based) to 
measure distances and predict trajectories. Datasets used to train models were 
collected using custom setups on e-scooters and e-bikes, including cameras and 
LiDAR sensors. The safety system runs on an NVIDIA Jetson AGX Orin platform and 
provides visual and haptic feedback to riders via LED strips and vibrating handlebars. 
 
This project has successfully created and published classification datasets and 
trained models, also developed the depth estimation model. Implemented and tested 
the safety system in two scenarios involving pedestrians, issuing timely warnings (≥2 
seconds before potential collision). 
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Background 
The last decades have seen the electrification of bikes and the introduction of new electric-
powered small vehicles (e.g., e-scooter, e-skateboard, etc.). This new vehicle type, part of 
the micro-mobility transportation, has potentially multiple positive sides; promoting a more 
sustainable transportation means by reducing the usage of large vehicles and promoting 
physical activity. In parallel with the development of these new vehicles, several 
transportation companies were created and adopted a new mode of operation by sharing e-
scooters and e-bikes without docking stations. This led to a large usage of shared micro-
mobility vehicles, but as the fleet expanded, concerns around the safety of those vehicles 
and how they were integrated with historical transportation systems were heard. Unsafe 
parking was shown to be one of the main safety issues, but unsafe riding behavior was also 
observed which contributed to the recent ban of shared e-scooters in large cities. 
 
A solution that would account for micro-mobility using camera-based machine learning 
technology: an object classifier collaborates with a depth estimator to the detected vehicles 
and predict their trajectory. However, current datasets and models are often based on car-
mounted camera data. These datasets typically do not include labels for classification or 
detection at the micro-mobility level. In addition, such data is inherently different from a 
camera mounted on a bicycle or an e-scooter. In particular, the leaning angle is more 
accentuated for two-wheelers. In addition, the mounting point of the camera is closer to the 
road, which alters the camera viewing angle. For this reason, the high performance achieved 
by state-of-the-art models on currently available datasets is not expected to directly carry 
over to, e.g., data captured by an e-scooter-mounted camera. Therefore, it is important to 
collect depth estimation datasets from micromobility, and fine-tuning both classification 
model and depth estimation model with accurate ground truth labels.  
 
To address this gap, Autoliv and Chalmers jointly conducted the MicroVision project, which 
aims to leverage recent advancements in image processing to develop a proof-of-concept, 
embedded, camera-based safety system specifically designed for micromobility. Once such a 
prototype safety system is established, we can evaluated feasibility and effectiveness of this 
concept and understand how to improve it. 

 

 



Project structure 

Purpose 

The project aims at designing and demonstrating a rider assistance system for e-
scooter and e-bike that relies on camera data to promote safe interaction between 
road users in an urban environment. 

Goals 

1. Collect images that include micro-mobility vehicles, annotate them, and make 
this dataset publicly available to promote and facilitate further research into 
micro-mobility safety and sustainability. And train a state-of-the-art object 
classifier with this dataset. We will make the model weights publicly available. 

2. Collect micromobility perspective images with depth information. And train a 
state-of-the-art depth estimation with this dataset. 

3. Develop, integrate, test, and demonstrate a rider safety system for e-scooters 
and e-bikes that supports riders in their trip to safely interact with other road 
users. 

Project period 
 
From 2023-09-01 to 2025-05-30 

Partners 
 
Autoliv Development AB 
Chalmers University 
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Method and activities 

Data collection and prediction models 
 
To archive goals, the MicroVision project developed two dedicated data-collection systems 
to build in-house datasets for training both a classification model and a depth-estimation 
model.  
 
The classification dataset was gathered using a camera mounted on a test e-scooter in 
Gothenburg and the dataset was annotated with micromobility-relevant object classes. This 
annotated dataset was then used to train a YOLO-based detection model.  
 
The depth estimation model data was collected by a ROS2-based system mounted on a test 
e-bike, equipped with a monocular camera, a LiDAR sensor, and a handlebar-angle sensor. 
The recorded sensor data was processed into paired images and corresponding distance 
fields, which served as training input for training a DepthAnything-based model. 

Safety system and its user interface 
 
Building on these two models, we developed an integrated safety system. The classification 
model detects surrounding road users (such as pedestrians, cyclists, and other vehicles) 
while the depth-estimation model provides distance measurements from the micromobility 
vehicle to each detected object. By fusing these outputs, the system computes the relative 
positions of nearby road users in real time. This safety system runs at 5Hz on an NVIDIA 
Jetson AGX Orin platform. The estimated positions are subsequently converted into 
trajectories, which are analyzed to assess potential collision risks. 
 
To provide intuitive feedback to the rider, the e-bike’s handlebar was equipped with both 
visual and haptic cues, see Figure 1. Two LED strips were installed on the front-facing sides of 
the handlebar near the hand-grip areas to deliver visual alerts, while eccentric rotating mass 
motors were embedded inside both grips to generate haptic feedback. These mechanisms 
activate at different warning intensities depending on the detected risk level: at low risk 
levels, the system delivers gentle visual signal to nudge, whereas at high risk levels, both 
feedback channels issue strong warning signals. In this way, the safety system ensures that 
the rider receives timely and easily interpretable alerts. 
 

 
Figure 1. Visual-haptic handlebar interface of the safety system 

 



Evaluation 
 
The effectiveness of the safety system was evaluated through two test scenarios: 1) a bicycle 
approaching a pedestrian from behind, and 2) a bicycle encountering a pedestrian crossing 
the street. In both scenarios, pedestrians were assumed to be inattentive. The first scenario 
evaluates whether the system can detect an unaware pedestrian walking ahead and back to 
the ego micromobility, then provide an appropriate warning to the rider. The second 
scenario assesses the system’s ability to detect road users emerging from the side and to 
predict whether a potential collision might occur. The Figure 2 shows the configuration of 
these two scenarios.  
 

 
Figure 2. Two test scenarios: a bicycle approaching a pedestrian from behind (left); and a 

bicycle encountering a pedestrian crossing the street (right) 
 
In both test scenarios, the system issued warnings to the rider no later than 2 seconds 
before the potential meeting time, giving the rider sufficient time to react (either by braking 
or altering direction) to avoid a collision. In some test runs of the second scenario, the 
pedestrian was instructed to walk slowly so that no actual encounter with the bicycle would 
occur. In these cases, the safety system correctly recognized that no collision risk was 
present and therefore did not trigger any warning signals. 
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Results 
 
The MicroVision team has accomplished the goals established at the outset. We 
successfully collected the classification dataset and trained the classification model, 
both of which have been made publicly available. In parallel, the depth estimation 
dataset was gathered, and the corresponding model was trained. Furthermore, a 
safety system integrating both models was implemented on an e-bike and evaluated 
under test scenarios.  
 
Both the detection and depth estimation models used in the safety system are 
computationally heavy: the YOLO11L model contains 25.3 million parameters, while 
the Depth Anything V2 Small model contains 24.8 million parameters. Even with a 
powerful computational platform, the maximum achievable tracking rate is limited to 
5Hz. 
 
Performance drop in distance for the current depth estimation model is a challenge. 
The distance accuracy decreases for objects located beyond 20m, see Figure 3. As a 
result, the system cannot reliably track or evaluate the motion of fast-moving vehicles 
in distance. 
 
 

 
Figure 3. Depth estimation error distribution for small sized model 

 
This presents a dilemma: on the current computational platform, we must choose 
between using larger models for improved accuracy or prioritizing high-frequency 
short-range tracking at the expense of long-range detection. 
 
In this project, concerning micromobility, which runs in low speed. This system is 
capable to provide safety assistance and reduce micromobility crash and related 
injury. 
 



Conclusions, lessons learned  
and next steps 

Conclusions 
 
The proposed proof-of-concept camera-based system shows promise in improving 
the safety of micromobility riders in specific scenarios. In urban area, such a camera-
based system could reduce traffic injury especially for vulnerable road users.  

Lessons learned 
 
The small sized classification model is not good enough for detecting road user. Even 
using large sized classification model, the tracking functionality may fail due to 
different reason. An algorithm is needed to reconnect trajectories.  
 
Like the classification model, the smaller sized depth estimation model offers lower 
accuracy. However, running a larger model reduces the processing speed to below 
1Hz, which is unacceptable for road user tracking. Additionally, the DepthAnything 
model is not fully parallelizable, meaning parts of the algorithm execute serially, 
further slowing down the depth estimation process.  
  
Computational power limits the total performance of the camera-based safety 
system. In addition, current platform’s power consumption is quite considerable. 
Although such a safety system is feasible to be used by riders, however it is not 
suitable for everyday riding scenarios. We still need to wait the computational unit 
been developed more powerful and less power consumption. 

Next step 
 
Improve algorithm depth estimation model to increase its execution speed. Upgrade 
LiDAR of distance data collection, from 16 lines to 64 lines, and increase its scan 
frequence. By doing this will provide better depth ground truth. Test cloud based 
computational platform. 
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Dissemination and publications 
 
The classification model research conducted following publications: 
 

1. Fichera, C. R., Yang, X., & Pai, R. R. (2025). Cyclist posture variability: Naturalistic data, 

computer vision & Bayesian model. In Proceedings of the 13th International Cycling Safety 

Conference (Oslo, Norway). 

2. Fichera, C. R., Yang, X., & Pai, R. R. (2024, September 15–16). Exploring variability in 

cyclists riding posture through naturalistic data: A computer vision and Bayesian modelling 

approach. In Proceedings of the Swedish Transport Research Conference (STRC 2024), 

Gothenburg, Sweden. 

3. Dozza, M., Pai, R. R., & Rasch, A. (2024, September 5–6). Naturalistic micromobility data: 

opportunities and threats. In Proceedings of the 8th Annual Meeting of the Cycling 

Research Board, Zurich, Switzerland. 

4. Dozza, M. (2024, June 10–11). Micromobility: New road-user interactions in the urban 

landscape. In Proceedings of the 3rd Human-Centered VRU Workshop, Leeds, United 

Kingdom. 

5. Pai, R. R., Fang, L., Wu, Y., Rasch, A., & Dozza, M. (2024, November 6–7). Seeing is 

believing: How artificial eyes are making micromobility safer. In Proceedings of the 12th 

International Cycling Safety Conference, Imabari, Japan. 

 
 
 
 
 
 
 
 
 
 

Drive Sweden is one of the government's seventeen strategic 
innovation programs (SIP). Drive Sweden consists of partners from 
academia, industry and society, and together we are tackling the 
challenges associated with next-generation mobility systems for 
people and goods. The SIP programs are funded by Vinnova, 
Formas and the Swedish Energy Agency. Drive Sweden is hosted by 
Lindholmen Science Park AB. 
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