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A B S T R A C T

We propose a new semi-automatic annotation software: Human Activity Video Pose Tracking Annotation Tool
(HAVPTAT). It can automatically detect and track multiple people and their pose in the video to improve
work efficiency. HAVPTAT also provides the dynamical visualization of human pose, bounding boxes, person
tracking ID, and possible prediction results together. The lightweight software can be launched in a few seconds
and easily distributed. Its ease of use will allow non-professionals to get started quickly. This software will
accelerate the development of human activity recognition models and service robots.
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1. Introduction

Human activity recognition is attracting increasing attention. There
is a large number of publicly available datasets [1–17]. It requires a lot
of labor-intensive work to annotate the video datasets. We have devel-
oped a new semi-automatic annotation tool: Human Activity Video Pose
Tracking Annotation Tool (HAVPTAT). It can help dataset creators to
efficiently annotate large-scale video datasets. The annotations include
person tracking bounding boxes, person tracking 2-D skeleton, and
activity labels. It also provides the dynamical visualization of human
pose, bounding boxes, and person tracking ID, together. The prediction
results obtained by an activity recognition model can also be visualized
with this tool.

2. Positive impacts

There is a lack of adequate software to annotate large-scale human
activity recognition video datasets collected in public spaces (In The

∗ Corresponding author.
E-mail addresses: hao.quan@polimi.it (H. Quan), andrea.bonarini@polimi.it (A. Bonarini).

Wild–ITW ). People’s actions are continuous and sequential in daily
life, lasting at least a few seconds instead than single frames. Multiple
persons or crowded scenes in a frame are often present in public spaces.
The frame rate of RGB cameras in the current market is usually about
15 fps ∼ 30 fps. Manual annotation of the clips, person by person and
frame by frame calls for enormous workload. Nowadays, skeleton-based
human activity recognition from deep learning models is popular [18–
24]. Single persons’ tracking spatial–temporal skeletal data are essential
for a model to learn and predict labels. The novel semi-automatic
software HAVPTAT could fill the gap. Annotators do not need to spend
time on spatial–temporal human pose detection and tracking; instead,
they may work on multiple people and pose tracking data prepared by
HAVPTAT, maximizing annotation efficiency.

3. Related work

Labeling is time and labor-intensive work. In general, the laboratory
collected dataset like NUCLA, SYSU, NTU-RGB+D, PKU-MMD [1,2,
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8,9,25] may not have annotation problems, since the datasets are
scripted, performed by actors and only contain single or few people
performing single, pre-defined actions. Some researchers provide pre-
defined labels and then use crowd-sourcing to label datasets, as it has
been done for Charades and Something Something [26,27]. Labeling
work would be painful and error-prone for datasets not collected in
controlled settings. Some of them were annotated by hand, like Fine-
Gym, UAV-Human, HOMAGE [11,13,28], etc. Other datasets (e.g., Ac-
tivityNet, AVA, Babel [12,17,29]) were labeled through commercial
crowd-sourcing platforms like Amazon Mechanical Turk (AMT) [30],
with a charge for dataset creators. Besides, annotators from crowd-
sourcing platforms without formal training might skew the annotation
quality. A crowd-sourcing method may leak confidentiality.

In literature, there are different open-source video annotation tools
[31–36]. Only some of them have the ‘‘interpolation’’ functionality
(e.g., VATIC [37] and CVAT [38]) to track moving targets. This func-
tionality facilitates annotators to save a lot of time by automatically
tracking annotations instead than giving labels frame by frame. These
tools usually split object detection and object tracking in two differ-
ent phases. Before the ‘‘interpolation’’ functionality could be used, it
requires the annotator manually, or by using other object detection
methods, to identify the interested target(s) by drawing bounding
box(es) on parts of the video key frames to perform the interpolation.
The quality of object detection depends on the individual annota-
tors/detectors. The annotators may easily miss some subjects in a
crowded scene. Moreover, the interpolation performance is often not
perfect, so that additional effort should be spent in manual adjustments
of bounding boxes. Furthermore, they do not provide human pose
tracking data. Hence, it is necessary for dataset creators to separately
use other pose estimation methods to extract skeletal data [39,40,40–
50]. Finally, an additional tedious elaboration should be made to
integrate persons’ tracking and skeletal data to obtain persons’ pose
tracking data. Except for the drawbacks mentioned above, if a video
has multiple targets or crowded scenes, it will be a challenge for them
to execute detection and interpolation on the video which requires a
lot of hardware resources, which an average PC on the current market
could not afford. To the best of our knowledge, there is no annota-
tion tool which could meet the needs of annotation for large-scale
skeleton-based, human activity, video datasets.

4. HAVPTAT functionality

HAVPTAT amends most of the issues of the current open-source
labeling tools. It could automatically detect and track multiple people
and their pose in the video without the need of manually setting
bounding box(es) and key frame(s). The annotator does not need to give
action labels frame by frame, but may label just once for a person with
the same action along the whole clip. HAVPTAT requires the annotator
to give only a label for each different action if the same person performs
multiple actions in a clip. The pose tracking with annotation data are
ready without the need of further integration work. Besides, it also
provides the dynamical visualization of human pose, bounding boxes,
person tracking ID, and possible prediction results together. Its ease of
use and efficiency will allow non-professionals to quickly get started.

The interface of HAVPTAT is shown in Fig. 1. It has been developed
by .NET Framework version 4.6.1, using C# programming language for
coding, Windows Forms library for UI, the EmguCV library (OpenCV
library for .NET version) for image/video processing. It is based on
JSON format data produced by the OpenPifPaf [42] model. It runs as
an offline desktop application in MS Windows.

The upper part of the interface contains the menus composed of the
available actions labels corresponding to coarse macro actions: ‘‘Walk-
ing’’, ‘‘Standing’’, ‘‘Sitting’’ and ‘‘Other Actions’’. Each macro action menu
contains the fine-grained detailed action such as ‘‘WalkingWhileCalling’’,
‘‘StandingWhileWatchingPhone’’, ‘‘SittingWhileEating’’, etc. Users can also

Fig. 1. The Human Activity Video Pose Annotation Tool (HAVPTAT) interface and a
snapshot of a clip from POLIMI-ITW-S.2

writing the desired action names. The new added label button(s) will
be available on the menu.

The middle part of the screen is dedicated to the main functionali-
ties of the tool. The left region shows the current number of the frame.
The interpolation mode gives the users the possibility to assign activity
labels to persons for multiple frames. The ‘‘Show Pose’’ checkbox gives
the option to show or hide the human’s poses. In the middle, there are
the video control buttons such as ‘‘Play’’, ‘‘Pause’’, ‘‘Previous frame’’,
‘‘Next Frame’’, ‘‘First Frame’’ and ‘‘Last Frame’’. The ‘‘Import’’ button
imports the JSON file for a specific video clip that was generated by
OpenPifPaf [42] from the file system. Users can click the ‘‘Export’’
button to export the final annotated JSON file to the file system.
Moreover, users can add customized label(s) by using ‘‘Add’’ button.
The wrong label(s) can be removed by the ‘‘Remove’’ button. Users may
review the results of the annotation by clicking the‘‘Evaluate’’ button.
The ‘‘Predict’’ button is used to comparably visualize ground truth(s),
predicted label(s) and decision of a service robot about whether to
approach a person or not, a decision among ‘‘NEED SERVICE’’, ‘‘MAYBE
NOT NEED SERVICE’’, ‘‘and NOT DISTURB’’. We have defined these
three decision instructions for developing a service robot application.
Users could also define instruction(s) by modifying the source code for
their specific application(s).

On the right, some high frequently used labels’ buttons are placed
on for improving productivity. The currently used video and annotation
JSON file’s names are shown in the ‘‘Video’’ and ‘‘Annotation’’ text
fields.

Moreover, the tool also provides a set of keyboard shortcuts to
manipulate videos such as Play/Pause (CTRL+Space), Next/Previous
frame (CTRL+Right/Left Arrow).

The typical use of the tool develops along the phases described
below.

First of all, the user should use OpenPifPaf [42] to generate the
original videos’ keypoint annotations (human body pose estimation and
tracking) and store them on file.

Then, the user uses the annotation tool to open a video file, clicking
‘‘Import’’ button to import the corresponding keypoint annotations
previously generated by the OpenPifPaf from the file system. Then the
user can start to associate action labels to persons who appear in the
video by clicking bounding boxes and buttons of action names.

After having finished the action labels association for a video, the
user clicks the ‘‘Export’’ button to store the final annotated JSON format
file back to the file system.

2 https://airlab.deib.polimi.it/polimi-itw-s-a-shopping-mall-dataset-in-the-
wild.
add customized action label button(s) by clicking the ‘‘Add’’ button,
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5. Lightweight & easy to use

The layout of HAPVTAT is very similar to the major part of the
MS Windows desktop applications. It could be directly used without a
complex setup. Non-technical users can learn how to use it quickly.
The complete software size is about 110 megabytes. The lightweight
software could be easily deployed and distributed.

The software could reduce a large amount of annotation cost and
time for large-scale video dataset creators, especially for skeleton-
based human activity recognition task, which is useful to advance the
development of human activity recognition models. It also supports the
production of a service robotic system which could be deployed such a
type of models.

6. Use case

We have used HAVPTAT to annotate a large-scale In The Wild video
dataset for human activity recognition.

7. Future work

The current version of HAVPTAT is semi-automatic. Once having
trained a reliable activity recognition model, we would like to update
the software so that it can become a fully automatic labeling tool.
We believe that it will decrease further the cost and time for dataset
annotation.
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