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Fig. 1. VideoPoseVR reconstructs 3D pose and motion from 2D videos to enable rapid prototyping of character
animation in VR. Users without animation experience can import and convert videos into a 3D motion dataset.
They can visualize and manipulate the life-size motion to animate 3D characters in VR.

We present VideoPoseVR , a video-based animation authoring workflow using online videos to author character
animations in VR. It leverages the state-of-the-art deep learning approach to reconstruct 3D motions from
online videos, caption the motions, and store them in a motion dataset. Creators can import the videos, search
in the dataset, modify the motion timeline, and combine multiple motions from videos to author character
animations in VR. We implemented a proof-of-concept prototype and conducted a user study to evaluate the
feasibility of the video-based authoring approach as well as gather initial feedback of the prototype. The study
results suggest that VideoPoseVR was easy to learn for novice users to author animations and enable rapid
exploration of prototyping for applications such as entertainment, skills training, and crowd simulations.
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1 INTRODUCTION
Recently a growing number of artists, filmmakers and animators have explored using Virtual
Reality (VR) for storytelling and filmmaking. Creating 3D animated stories requires professional
desktop software such as Maya and Blender. Creators need to manually pose the joints of the 3D
character to create the keyframes, which takes a significant part of the time. The keyframe-based
animation creation requires extensive learning and exercise to create convincing results, which
can be complicated and difficult for novice users. Creating animated VR scenes can be particularly
challenging as creators have to alternate between the desktop software and VR environment to
validate their creation in VR, adding additional difficulty to their workflow [2, 4].

To address this challenge, several work have explored creating 3D animations directly in Mixed
Reality with controllers [18, 56, 73], hand gestures [38], and object motions [53]. Commercial
products such as Oculus Quill [18] and AnimVR [56] allow users to create animated cartoons using
3D strokes. Other tools such as AnimationVR [73] and XRDirector [54] use VR devices as puppets to
directly manipulate the 3D character. Compare to traditional animation software, these tools make
it easier and faster to create animations in particular for novice users as an inexpensive alternative
to professional motion capture systems. However, they still require manual input from users to
perform the motion or manipulate the joints. The animations that can be created are often limited
to what can be performed by the user. Additionally, creators can usually author one animation at
a time, which makes it time-consuming to create multiple animations for a group of characters
performing different motions in the scene.

While users spend a lot of effort creating animation assets, motions especially human activities
are widely available in today’s online videos. People record and share their physical movements
in various activities such as dancing and fitness. In this work, we introduce VideoPoseVR , a novel
animation authoring approach that uses online videos to author VR character animations. It
leverages the state-of-the-art deep learning approach to reconstruct 3D motions from online videos,
caption the motions, and store them in a motion dataset. Creators can import the videos, search in
the dataset, modify the motion timeline, and combine the motions from different videos to create
new animations in VR. By leveraging the large number of human motions that are present in online
videos, creators can quickly animate multiple characters with diverse motions.

To explore the feasibility of utilizing video-based motion to animate characters, we implemented a
proof-of-concept system that converted 161 online videos into a 3D motion dataset. We investigated
how well users could use the dataset to quickly animate characters in VR by conducting a user
study with ten participants. We found that novice users were able to learn and use VideoPoseVR to
create character animations in VR, while advanced animators might use the reconstructed motion
as a starting point to refine the animation and expedite the workflow. Our contributions include: 1)
a novel video-based character animation authoring workflow in VR, 2) a proof-of-concept system
with a detailed set of methods using the state-of-the-art deep learning approach to reconstruct,
classify, and convert the 3D motion from online videos into keyframe-based animations, and 3)
the evaluation of the proposed approach that demonstrated the feasibility and provided design
implications.
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2 RELATED WORK

Our work was inspired by research from the domains of 3D human pose estimation using 2D videos,
the utilization of human poses in videos, authoring tools that can be used to prototype VR scenes
and 3D character animation.

2.1 Animation Authoring in AR/VR

Traditionally, creating 3D characters animations requires using professional animation software
such as Maya, 3ds Max and Blender. Animators need to manually pose the joints of the 3D character
to create the keyframes that are interpolated by the software, which takes a signi�cant part of
the time spent in animating characters. The keyframe-based approach also requires extensive
learning and exercise to create convincing results of character movement, which is challenging
for novice animators. Another widespread performance-based approach uses high-end motion
capture (Mocap) systems (e.g. Optitrack) or o�-the-shelf equipment such as RBG cameras [35, 79]
or depth cameras [13, 24] to capture the performance of skilled actors. These systems may still
require extensive instrumentation, skilled actors, and laborious post-processing steps, which makes
them inaccessible for many researchers, artists, and content creators.

As VR headsets and smartphone-based AR become more accessible, various work have explored
using AR and VR to reduce the complexity of posing the characters in the keyframe-based approach.
AR/VR applications and tools such as Tvori [69], VR Blender [7], PoseMMR [57], AnimationVR
[73], and AR-Pose [72] allow users to directly manipulate the joints in 3D using VR controllers
or smartphones instead of using 2D translation and rotation widgets. Other approaches extend
the existing performance-based tools and puppetry interfaces [23, 29] by leveraging the tracking
capability of AR and VR devices. Smartphone-based AR allows users to directly turn the phone into
a puppet to control the character [55, 81] by tracking the phone. Systems such as Mindshow [51],
SpatialProto [53], and XRDirector [54] capture the physical motion of VR devices [51] and gestures
[38] and directly apply the motion to characters. Other related applications such as Oculus Quill
[18] and AnimVR [56] allow users to create animated cartoons using 3D strokes.

While these tools are intuitive to use, they still require manual input to generate the 3D poses
by performing the motion or manipulating the joints. The animations that can be created are
often limited to what can be performed by the user. Additionally, users can usually author one
animation at a time. The process of creation can be tedious to create multiple animation. We present
a solution to generate 3D motion from online videos. While videos have been used to prototype
AR experience by capturing the objects and their surrounding environment [42, 43], we focus on
the human motions captured in the videos. Compared to existing Mocap dataset [46], the large
number of online videos provides a diverse set of human motions that can be potentially used as
motion assets for animators to create character animations. Similar to prior work that use a gallery
of existing assets (such as motions [16] and pictures [37, 41]) as starting examples, we consider
the video-based motion assets as potential starting point for creators to work on. Our work can be
combined with existing VR-based animation authoring tools such as MindShow [51] and PoseMMR
[57] to further re�ne the motion in VR and facilitate the work�ow of animation creation.

2.2 Immersive Authoring Tools for Novices

Prior work has found that the learning a�ordances of VR helped bridging experience-related gaps
between novices and experts for 3D design [77]. Novice and expert users di�er in expertise that
involves domain knowledge [22, 77] and spatial abilities [3]. The multi-modal feedback in VR
promotes meaningful learning for novice to pick up the domain knowledge, while the spatial visu-
alization in VR enables novices to design directly in 3D instead of needing to imagine and mentally
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manipulate 2D representations in traditional desktop software. Several immersive authoring tools
have enabled users to create 3D models or scenes in VR. For example, CaveCAD [30] enabled users
to position and transform 3D objects directly in a scene. MagicalHands [1] used direct gestural
manipulations for the authoring and modi�cation of animation e�ects for a 3D object. One Man
Movie [21] provided tools for scene layouts, 3D character poses and animations, as well as complex
camera rigs. Commercial applications such as Microsoft Maquette [50], Oculus Medium [17] and
Google Tilt Brush [26] delivered compelling immersive 3D sketching and sculpting experiences to
consumers. The advances of these tools allow casual users to create stunning VR content, rather
than exclusively for professionals. Similar to previous work, our work provides an immersive user
interface in VR to enable intuitive in-situ character animation creation for casual users.

2.3 Multi-person 3D Pose Estimation from Videos

Motion capture from monocular video has many advantages over traditional motion capture because
it does not require a complex setup, it is low cost, and it o�ers a non-intrusive capture process.
With the availability of video datasets associated with ground truth motion capture data (e.g.,
Human3.6M [31] and HumanEva [64]), signi�cant progress has been made in recent years by using
data-driven learning-based approaches. These approaches can be classi�ed into two categories: the
multi-stage and the one-stage. Most of the multi-stage methods are generally based on a top-down
approach, which �rst detect people using bounding boxes and then apply a single person 3D
estimator to each person. These 3D pose estimators [15, 59, 61] lift the 2D keypoints [8, 10, 19] into
3D joints using regression [12, 47] or model �tting [ 6]. Some work jointly recovers human shape
and pose [34, 36, 80]. However, their predictions often fail to deal with truncation, scene occlusion,
and person-person occlusion due to overlapping bounding boxes. Besides, they tend to output poor
results on in-the-wild datasets like 3DPW [74] or MPI-INF-3DHP [15].

To avoid noisy bounding box prediction, one-stage solutions estimate body joint positions of all
people and then group them into individuals. Zan�r et al. [83] proposed a bottom-up approach that
simultaneously estimates 2D and 3D poses, and group joints based on 2D pose prediction scores.
Mehta et al. [48] proposed occlusion-robust pose-maps and exploited the body part association
to resolve the joint grouping problem. Recently, Sun et al. proposed ROMP [66], an one-stage
regression network for monocular multi-person 3D mesh regression. They proposed the use of
explicit body-center-guided representations to facilitate pixel-level human mesh regression in
an end-to-end manner and developed a collision-aware representation to deal with the severe
overlapping cases. ROMP achieved state-of-the-art performance on multiple benchmarks including
real-time inference speed. In this work, we utilized ROMP to reconstruct 3D multi-person human
motions from online videos, enabling rapid prototyping of character animations with various 3D
human motion extracted from videos.

2.4 Applications Utilizing 3D Human Pose

Human pose estimation from videos have been widely adopted and utilized in several applications
such as human behavior analysis, the generation of animations, and for movement learning. In terms
of human behavior analysis, prior work has utilized human poses for human action recognition in
videos [45, 84]. In addition, Lee et al. developed Skeletonographer, a tool that supports anonymous
digital ethnography studies using skeletonized representations of people [39, 40]. ReliveReality [75]
utilized various computer vision techniques to reconstruct an experience in 3D by reconstructed
avatars, 3D environments, and 3D human poses. The reconstructed 3D experience o�ered a great
opportunity to relive and study human behaviour. To facilitate movement learning, Tharatipyakul
et al. [68] developed a web-based application that overlayed the detected 2D skeletons of a user and
a teacher in a video on screen, so that the user could realize how his or her pose was di�erent from
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the teacher. SuppleView [28] enabled coordinate translation-free viewing between an observer
and an actor by inferring the 3D poses from trainer videos and creating a virtual 3D character as
an actor of the predicted 3D movements. Takahashi et al. [67] also introduced a VR-based batter
training system that estimated the 3D positions of a user 's body parts during a swing to visualize
and provide real time feedback. Prior research has also leveraged human poses in video to generate
animations. For instance, PoseTween [44] leveraged the motion of the subject of a video to create
pose-driven tween animations of virtual objects. Park et al. [58] and Willett et al. [76] used reference
motions in human action videos to guide the deformation of 2d virtual characters.

Human poses have also been used to control video playback. PoseAsQuery [27] was an interactive
browsing system that repeatedly replayed a speci�c segment of a video by using a person's body
movement. Reactive Video [14] used OpenPose [9] to extract user's and instructor's poses and
adapt the playback of the video to mimic the user's movements.VideoPoseVRis the �rst prototype
that allows users to quickly prototype character animations in VR by leveraging a variety of
reconstructed 3D human motions from online videos.

3 DESIGN GOALS

After analyzing commercial o�erings for animation and identifying the existing gaps, as well as
the reviewing technical advances in machine learning and video processing, we developed a set of
design goals to guide the development of the system.

D1. Accessible to Novices: Content creators without animation experience should be able
to intuitively use animation sequences in their scenes. No advanced knowledge of keyframing,
rigging, or advanced animation concepts should be necessary for immediate use of the system.

D2. Enable Medium-�delity Rapid Exploration: Manually posing the joints to create keyframes
in the professional animation software can be labor-intenstive and time-consuming. We believe
there are opportunities to develop a system which can automate this process and output medium-
�delity motion to support rapid exploration of character animations for both immediate use and
further re�nement.

D3. Support for Multiple Motions per Scene: Most animation authoring tools are able to create
a multi-character scene by editing the animation of each character and manually synchronizing
them in a global timeline. Meanwhile, there are data sources such as videos that contain multiple
movements in a single scene. An author system should take advantage of these data sources, and
enable users to leverage complex scenes with multiple individuals moving.

D4. Robust to new Videos and Data: Videos are becoming increasingly accessible and easy to
generate and publish online. A system should support capturing and processing these new videos,
and adding them into motion datasets for later use.

D5. Modularized Pipeline As machine learning and computer vision algorithms are rapidly
developing, an animation system should be modular to allow new approaches and developments to
be easily integrated into the system.

4 VIDEOPOSEVR

Based on the design goals, we designedVideoPoseVR, a video-based animation authoring work�ow
that allows novice users to import videos, extract motions from videos, and intuitively visualize
and manipulate the life-size motion to animate characters in VR.VideoPoseVRhas two parts: a
motion reconstruction pipeline based on the state-of-the-art deep learning approaches that outputs
a 3D motion dataset, and a VR user interface that allows novice users to intuitively visualize and
manipulate the life-size motion to animate characters in VR.
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Fig. 2. VideoPoseVRsystem workflow, including an o�line pipeline that generates a 3D motion dataset and
a VR user interface that allows users to use the reconstructed motion to animate the characters in VR. We
create the motion dataset by 1) reconstructing the 3D motion from videos, 2) captioning the motion, and 3)
converting the motion to keyframe-based animation ready to use in VR.

4.1 Generating 3D Motion Dataset

To generate 3D motion from 2D videos, the system employs a pipeline with three steps: reconstruct-
ing 3D pose from 2D videos, captioning the reconstructed motion, and converting the captioned
motion to keyframe-based animation (Figure 2).

4.1.1 Reconstructing 3D motion from videos.We �rst estimate the root-relative 3D poses for
multiple persons in the video using ROMP [66], a one-stage network that reconstructs root-relative
3D poses for multiple people. Unlike most other approaches that uses a series of stages to handle the
multi-person scenes, ROMP regresses all meshes for multiple persons in one single stage, making it
robust to truncation, person-person occlusion, and environmental occlusion in the multi-person
cases, which is critical for animating characters.

The predicted 3D poses from ROMP are only root-relative (i.e. relative to the pelvis joint). In
some cases, it is important to know the absolute 3D poses (i.e. relative to the camera). For example,
to animate a group of characters dancing in the scene, it is critical to assign the 3D position of each
dancer in the video to the individual character so that when the dancers change their positions the
characters can move along the exact same path in the scene. We use RootNet [52] to estimate the
camera-centered coordinates of the human pose root by approximating the absolute depth from
the camera to the human using the ratio of the human height in the physical space and the height
in the image. We apply this approach to recover the root positions relative to the camera for all
videos that are recorded with a stationary camera.

To distinguish the motion from multiple persons across frames, we track each person's 3D pose
with a unique ID by associating the 3D pose with a tracked 2D pose. We detect 2D poses using
AlphaPose [20] and track the keypoints of 2D pose using PoseFlow [78]. The detected 2D poses are
tracked across frames with a unique ID for each person in the video. We �lter the 2D keypoints
and 3D poses with the 1 Euro �lter [11] for temporal smoothing. For each 3D pose, we project the
3D joints onto the image and compute the error between the projected 3D joints and detected 2D
joints in each frame. We associate each 3D pose with its corresponding 2D pose by �nding the
nearest joint (Figure 3) and use the tracked 2D pose to track 3D pose across frames for each person.

4.1.2 Captioning 3D motion.The reconstructed 3D motion from the video is unclassi�ed without
labels. Users have to manually identify and label the motion to use it as animation. This can be
tedious when importing a large number of videos. Furthermore, there might be di�erent types of
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