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City-Scale Multi-Camera Vehicle Tracking

• 6 synchronized scenarios
• 215.03 mins of videos
• 46 camera views
• 16 intersections
• 4 km between furthest 

simultaneous cameras
• 300K+ bounding boxes
• 880 vehicle identities
• Camera calibration & 

single-camera tracking 
results available
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• What most teams did
• Detection -> ReID feature extraction -> Single-camera tracking -> Inter-camera association
• Inter-camera association using similarity matrices with appearance and spatio-temporal information

• What leading teams did
• Application of the state-of-the-art detectors (e.g., YOLOv5) and trackers (e.g., DeepSORT)
• Bag of tricks such as offline re-link, forward/backward fusion, box-grained distance matrix, etc.

• What we learned year over year
• The major improvement is from refining single-camera tracklets and hierarchical clustering.
• Synthetic data and domain adaptation are useful for enhancing ReID features.

City-Scale Multi-Camera Vehicle Tracking
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Traffic Social Media

CameraConnected vehicles

Signal status Sensors

Continuous data 
monitoring

AI Engine 
automatically identify signals

Optimal signal 
retiming

One Click

Vehicle Tracking - IRL
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Traffic Anomaly Detection

Dataset
• 250 video clips
• 15 mins duration each
• 800x410 resolution
• 30 fps
• 21 anomalies
• Various weather & lighting conditions
Anomalies
• Vehicles stopped on the side of the road
• Driving on the wrong side of the road
• Accidents
• Stalls
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• What most teams did
• Removal of stationary parked vehicles and abnormal vehicle tracking
• Pre-processing and detection of vehicles using DCNNs
• Backtracking optimization to refine anomaly prediction

• What leading teams did
• Dynamic tracking that utilizes spatio-temporal status and motion patterns to determine timestamps
• Multi-granularity strategy consisting of a box-level and a pixel-level tracking branches
• Unsupervised system using k-means clustering to identify potential anomaly regions

• What we learned year over year
• The expansion of test set makes a more realistic simulation of situations in real world.
• Anomaly detection in real-world remains challenging.

Traffic Anomaly Detection
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Multi-Class Multi-Movement Vehicle Counting

• 31 video clips
• 9 hours in total
• 20 unique camera views
• 960p+ resolution
• 10 fps
• ROIs & MOIs provided
• 2 vehicle types (car & truck)

Dataset_A Dataset_B
#cameras 20 20
#videos 31 31
total length 5 hours 4.5 hours
total # frames 185446 166964
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• What most teams did
• Deep-learning-based vehicle detection and single-camera tracking
• Movement assignment: (1) ROI/tripwire-based rules; (2) trajectory template + similarity matching

• What leading teams did
• Trajectory enhancement methods including smoothing, filtering, etc
• Modeling of trajectories based on clustering for creating data-driven ROIs

• What we learned
• Trajectory enhancement helps improve the effectiveness
• Simpler tracker performs reasonably well in vehicle tracking
• The best accuracy achieved by team is around 94%
• The vehicle counting task can be run end-2-end at real-time speed. Some teams achieved ~35fps with 

reasonable accuracy.

Multi-Class Multi-Movement Vehicle Counting
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Vehicle/Pedestrian Counting - IRL

• VivaCity traffic sensors in UK, Australia, 
USA, 7+ others

• Real-time anonymous data on how road 
spaces are used

• >97% accuracy counting cyclists
• Monitoring cyclist counts can help identify 

areas in need or more bike lanes
• Detect 99.5% of all stationary and slow 

vehicles in tunnels
• Ethical considerations

• Anonymity of pedestrians/cyclists/drivers
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Naturalistic Driving Action Recognition

• 18 distracted driver activities
• Approx. 10 hours of videos 

from 10 diverse drivers
• 3 synchronized camera 

views
• Manually annotated labels of  

approx. 5 hours of videos(30 
clips) for training

• Recorded at 30 frames/sec
• 1920 x 1080 resolution
• With and without 

appearance block
• Random order and duration 

of activities

Camera Location

Dash Cam 1 Dashboard

Dash Cam 2 Behind rear view mirror

Dash Cam 3 Top right -side window

1 Normal forward driving
2 Drinking
3 Phone call (right)
4 Phone call (left)
5 Eating
6 Texting (right)
7 Texting (left)
8 Hair / makeup
9 Reaching behind
10 Adjusting control panel
11 Picking up from floor (driver)
12 Picking up from floor 
(passenger)
13 Talking to passenger at the 
right
14 Talking to passenger at 
backseat
15 Yawning
16 Hand on head
17 Singing with music
18 Shaking or dancing with music
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Naturalistic Driving Action Recognition

Our Solution
• Focus on movement of key points on the driver’s 

body
• Heuristics to differentiate driver from passenger 
• Per-frame activity classification

• Pre-trained pose and facial expression estimation 
models to identify key points

• Extract features from pose based on point 
locations and distances, key segment angles, 
position and angle shifts, and facial features

• Merge activity over time
• Merge consecutive same-activity segments
• Report maximal consecutive class segment of at 

least MinLen frames
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• What most teams did
• Classification of different distracted activities such as eating, yawning etc.
• Temporal Action Localization to determine the start and end time for each activity

• What leading teams did
• Utilizing a 3D Action Recognition Model  X3D, Multi action transformers or ConvNext model for classification
• Localization and sliding window classification was used for determining the start and end points

• Future directions
• Annotations for each activity can be more refined for better localization.  
• Cleaner ground-truth labels can improve the development and evaluation of the research progress
• Increasing the data size with adequate representation can improve classification results (going from 5 

drivers to 30-50 drivers)

Naturalistic Driving Action Recognition
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Conclusions

• Video cameras are ubiquitous on our roads and in our cities
• AI + video sensors  improved traffic safety and reliability
• Technology is mature and currently being implemented in a 

city near you…
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Questions?
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