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Abstract

The Al City Challenge was created to accelerate intel-
ligent video analysis that helps make cities smarter and
safer. Transportation is one of the largest segments that
can benefit from actionable insights derived from data cap-
tured by sensors, where computer vision and deep learn-
ing have shown promise in achieving large-scale practical
deployment. The 4th annual edition of the Al City Chal-
lenge has attracted 315 participating teams across 37 coun-
tries, who leveraged city-scale real traffic data and high-
quality synthetic data to compete in four challenge tracks.
Track 1 addressed video-based automatic vehicle counting,
where the evaluation is conducted on both algorithmic ef-
fectiveness and computational efficiency. Track 2 addressed
city-scale vehicle re-identification with augmented synthetic
data to substantially increase the training set for the task.
Track 3 addressed city-scale multi-target multi-camera ve-
hicle tracking. Track 4 addressed traffic anomaly detection.
The evaluation system shows two leader boards, in which
a general leader board shows all submitted results, and a
public leader board shows results limited to our contest par-
ticipation rules, that teams are not allowed to use external
data in their work. The public leader board shows results
more close to real-world situations where annotated data
are limited. Our results show promise that Al technology
can enable smarter and safer transportation systems.

1. Introduction

Transportation is one of the largest segments that can
benefit from actionable insights derived from data captured
by sensors. However, difficulties including poor data qual-
ity, the lack of annotations, and the absence of high-quality
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models are some of the biggest impediments to unlocking
the value of the data [21]. The AI City Challenge was first
launched in 2017 to accelerate the research and develop-
ment in Intelligent Transportation Systems (ITS) by pro-
viding access to massive amounts of labeled data to feed
learning-based algorithms. We shared a platform for par-
ticipating teams to innovate and address real-world traf-
fic problems, as well as evaluated their algorithms against
common datasets and metrics. The past three annual edi-
tions [23, 24, 25] of the challenge have witnessed major
impact in research areas of traffic, signaling systems, trans-
portation systems, infrastructure, and transit.

The 4th edition of the challenge is organized as a work-
shop at CVPR 2020, which has pushed the development of
ITS in two new ways. First, the challenge introduced a track
that not only measured effectiveness on tasks that were rel-
evant to transportation but also measured the efficiency of
completing these tasks and the ability of systems to operate
in real time. To the best of our knowledge, this is the first
such challenge that combines effectiveness and efficiency
evaluation of tasks needed by the Department of Transporta-
tion (DOT) for operational deployments of these systems.
The second change was the introduction of augmented syn-
thetic data for the purpose of substantially increasing the
training set for the task of re-identification (RelD). The four
tracks for the challenge are listed as follows:

e Turn-counts for signal timing planning: This task
counts four-wheel vehicles and freight trucks that follow
pre-defined movements from multiple camera scenes.
The dataset contains 31 video clips (about 9 hours in to-
tal) captured from 20 unique camera views.

e Vehicle ReID with real and synthetic training data:
This task is tested against the CityFlow-RelD bench-



mark [40], where teams perform vehicle RelD based on
vehicle crops from multiple cameras placed at multiple
intersections. A synthetic dataset [45, 39] with more than
190,000 images of over 1,300 distinct vehicles forms an
augmented training set to be used along with the real-
world data.

o City-scale multi-target multi-camera vehicle track-
ing: In this task, teams perform multi-target multi-
camera (MTMC) vehicle tracking, which is evaluated on
the CityFlow benchmark [40]. We introduced a new test
set for the challenge this year that contains over 200 an-
notated vehicle identities across nearly 12,000 frames.

o Traffic anomaly detection: This task evaluates meth-
ods on a dataset provided by the DOT of Iowa. Each
participating team submits at most 100 anomalies de-
tected, including wrong turns, wrong driving direction,
lane change errors, and all other anomalies, based on
video feeds available from multiple cameras at intersec-
tions and along highways.

We had over 1,100 total submissions to the evaluation
system (§ 4) across the four challenge tracks. When submit-
ting results, teams could choose to submit to the Public or
the General leader boards. As the name suggests, the Public
leader board has been shared with the public, where the sub-
missions compete for the challenge prizes. We enforce two
rules for Public leader board contest: (1) Teams may not
use external data in computing their prediction models for
any of the tracks. (2) Teams must submit their code, mod-
els, and any labels they created on the training datasets to
the competition organizers before the end of the challenge.
Alternatively, teams could submit to the the General leader
board, which ranks all submissions, including the Public
leader board submissions.

We have seen strong participation in the past three edi-
tions of the AI City Challenge. Statistics of the 4th Al
City Challnege show growing impact among academic and
industrial research communities. This year, we have 315
participating teams composed of 811 individual researchers
from 37 countries. We received 233, 258, 239, and 224
requests, respectively, for participating in the challenge
tracks. From these, 93 of the teams signed up for an eval-
uation system account, out of which 76 and 55 individual
teams submitted results to the General and Public leader
boards, respectively.

This paper summarizes the 2020 AI City Challenge
preparation and results. In the following sections, we de-
scribe the challenge setup (§ 2), challenge data preparation
(§ 3), evaluation methodology (§ 4), analysis of submitted
results (§ 5), and a brief discussion of insights and future
trends (§ 6).

2. Challenge setup

We have set up the 4th edition of the AI City Challenge
with similar rules as the previous ones, where teams are al-
lowed to participate in one or more of the four challenge
tracks. In terms of the time-frame, we made the training
and testing data available to participants in early January
2020. Due to the new publication rules of CVPR, the 4th
Al City Challenge was scheduled to finish on April 9, 2020
(a month earlier than the previous editions). In order to
be considered as prize contenders, teams were requested to
submit both training and testing code, additional labels, and
generated models for validation of their performance on the
leader boards.

For all the data made available to the participating teams,
we have taken extra attention in redacting private informa-
tion such as human faces and license plates. The tasks in
the four challenge tracks are elaborated as follows.

Track 1: Multi-class multi-movement vehicle count-
ing. Participating teams were asked to count four-wheel
vehicles and freight trucks that follow pre-defined move-
ments from multiple camera scenes. Teams performed ve-
hicle counting separately for left-turning, right-turning and
through traffic at a given intersection approach. This helps
traffic engineers understand the traffic demand and freight
ratio on individual corridors. The developed capabilities
can be used to design better intersection signal timing plans
and improve traffic congestion mitigation. To maximize the
practical value of the outcome from this track, both the ve-
hicle counting effectiveness and the module running effi-
ciency were considered as a weighted sum towards the final
score for each team. The team with the highest final score
will be declared the winner of this track.

Track 2: Vehicle ReID with real and synthetic train-
ing data. Participating teams were challenged for vehi-
cle RelD based on image crops from different camera per-
spectives. This task is critical for algorithms to learn fine-
grained appearance features that distinguish vehicles, even
those of the same color, model, and year. In this year’s
challenge, the training set was composed of both real-world
data and synthetic data. The use of synthetic data was en-
couraged as they can be simulated under various environ-
ments and can produce large-scale training sets by apply-
ing domain adaptation. The team with the highest accuracy
in identifying vehicles among the top K matches of each
query will be selected as the winner.

Track 3: City-scale MTMC vehicle tracking. The task
for participating teams was to track vehicles across multiple
cameras both at a single intersection and across multiple in-
tersections in a city. Results can be used by traffic engineers
to model journey times along entire corridors. The team
with the best accuracy in detecting vehicles and recovering
their trajectories across multiple cameras/intersections will
be declared as the winner.



Track 4: Traffic anomaly detection. Based on more
than 50 hours of videos collected from different camera
views at multiple freeways by the DOT of Iowa, each par-
ticipating team was asked to submit a list of at most 100 de-
tected anomalies. The anomalies include single and multi-
ple vehicle crashes and stalled vehicles. Regular congestion
was not considered as an anomaly. The team with the high-
est average precision and the most accurate anomaly start
time prediction in the submitted events will be the winner
of this track.

3. Datasets

Data for this challenge comes from multiple traffic cam-
eras from a city in the United States as well as from state
highways in Iowa. Specifically, we have time-synchronized
video feeds from several traffic cameras spanning major
travel arteries of the city. Most of these feeds are high res-
olution 1080p feeds at 10 frames per second. The vantage
point of these cameras is for traffic and transportation pur-
poses and the data have been redacted in terms of faces and
license plates to address data privacy issues. In addition to
the datasets used in the previous Al City Challenges, this
year we added a new vehicle counting dataset and a a syn-
thetic vehicle dataset.

Specifically, the datasets provided for the challenge this
year were CityFlow [40, 25] (for Track 2 - RelD and Track 3
- MTMC tracking), VehicleX [45, 39] (for Track 2 - RelD),
Towa DOT [24] dataset (for Track 4 - anomaly event detec-
tion and Track 1 - vehicle counting).

3.1. The CityFlow dataset

Similar to the AI City Challenge in 2019, the CityFlow
benchmark [40, 25] was adopted for the tasks of RelD and
MTMC tracking. The dataset consists of nearly 3.5 hours of
synchronized videos captured from multiple vantage points
at various urban intersections and along highways. Videos
are 960p or better, and most have been captured at 10 frames
per second. To prevent teams from overfitting the test data
provided in the previous edition, we have made the origi-
nal test set into a validation set, and launched a new test set
for the challenge this year. Included in the new test set are
six simultaneously recorded videos all captured from differ-
ent intersections along a city highway with nearly 12,000
frames and over 200 annotated vehicle identities. The geo-
locations of the six cameras and example frames are pre-
sented in Fig. 1.

In total, the dataset contains 215.03 minutes of videos
collected from 46 cameras spanning 16 intersections in a
mid-sized U.S. city. The distance between the two furthest
simultaneous cameras is 4 km. The dataset is divided into
six scenarios. Of these, three are used for training, two
are used for validation, and the remaining one is used for
testing. The entire dataset contains nearly 300K bounding

Figure 1. The CityFlow benchmark [40] captured at multiple in-
tersections along a city highway. Here six new test camera views
are shown.
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Figure 2. The VehicleX dataset contains synthetic training data
through domain adaptation that can effectively reduce the content
gap with the real data for vehicle RelD.

boxes for 880 distinct annotated vehicle identities. Only
vehicles passing through at least two cameras have been an-
notated. Additionally, in each scenario, the offset from the
start time is available for each video, which can be used
for synchronization. We also provided the teams the base-
line camera calibration and single-camera tracking results,
which can be leveraged for spatio-temporal association of
vehicle trajectories.

A subset of the CityFlow dataset, a.k.a. CityFlow-RelD,
is reserved for the RelD task in Track 2. There are 666 to-
tal vehicle identities, where half of them are used for train-
ing, and the other half for testing. The training and test
sets contain 36,935 and 18,290 vehicle crops, respectively.
And we have 1,052 image queries to be identified in the
test set. The evaluation and visualization tools are available
with the dataset package for teams to measure their perfor-
mance quantitatively and qualitatively.

3.2. The VehicleX dataset

The VehicleX dataset [45, 39] as shown in Fig. 2 is
a large-scale public 3D vehicle dataset containing high-






