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Abstract- Stop motion is a popular animation technique to make a physical object appear to move on its own as if by magic, 
but its production is difficult and requires expertise. We present a new video-based interface which is capable of animating 
everyday objects in stop motion style in a more flexible and intuitive way. The key component of our system is a two-phase 
keyframe-based capturing and processing workflow which allows animators to perform and capture motions continuously 
instead of breaking them into small increments. We demonstrate that our system is efficient even for novice animators to 
generate stop motion animations of a variety of objects in our everyday surroundings.  
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I. INTRODUCTION  

 
Stop motion is an animation technique to make a 
physically manipulated object appear to move on its 
own. Traditional stop motion production is a 
laborious process, requiring manually moving the 
target object in small increments and shooting one 
still picture of the object per increment, where hands 
or other tools that are driving the movement should 
be avoided. Since the object’s motion must be broken 
up into increments, animators have to concentrate on 
fine object movement across neighbouring frames 
making the production process not spontaneous 
especially for novice users.  
Another limitation of the traditional stop motion 
workflow is that in many scenarios like animating a 
puppet flying in the air, simply holding the puppet 
with hands would cause large occlusion regions, 
which are difficult to recover. A common solution is 
to use a supporting rig that is attached to the puppet 
to prop the puppet securely. The rig can be later 
removed digitally in post-production. However, most 
professional rigs are expensive. Furthermore, 
attaching the rig to the object being animated could 
be tricky, when the object is too heavy, too fragile, or 
too smooth to attach onto.  
To address these limitations, we present a video-
based stop motion production system. Our key 
contribution is a two-phase stop motion capturing 
workflow, in which an animator performs a desired 
object motion twice. In the first phase, the animator 
holds the object using his/her hand(s) directly and 
performs the planned motion in a continuous fashion. 
In the second phase, the animator performs a similar 
motion, with his/her hand(s) holding at different 
positions of the object employing a keyframe-based 
capturing and processing approach using the first 
video as reference. Employing computer vision 
techniques, our system automatically combines the 
two images together to remove the hands in the 
keyframe. Finally, temporal interpolation is 
performed between keyframes to remove hands from 

intermediate frames as well, resulting in a complete 
stop-motion animation video.  
We demonstrate that our technique is efficient for 
animating a majority of objects in our everyday 
surroundings. Furthermore, we show that even novice 
animators are able to use our system to generate high-
quality stop motion animation.  
 
II. RELATED WORK  
 
Stop motion production. Stop motion is a well-
established animation technique. There exist various 
software systems dedicated to stop motion 
production, designed either for professionals (e.g., 
DragonFrame) or for amateur animators (e.g., Stop 
Motion Pro, iStopMotion). Previous systems rely on 
the constant stopping and starting of the camera to 
allow for slight object movement between two 
consecutive shots. Although our video-based 
interface seldom stops the camera, we still regard it as 
a stop motion production technique given its goal of 
generating stop-motion-style output.  
Video-based animation. Many systems have been 
proposed to create a non-photorealistic or cartoon 
animation from a video sequence, by stylizing the 
appearance of the video Stop motion, on the other 
hand, requires maintaining the original appearance 
and motion of the object while removing the user’s 
hands in the final animation. Barnes et al. present a 
video-based interface for 2D cut out animation (one 
type of stop motion). However such systems can only 
handle planar objects without 3D rotation or self-
occlusion. Our system does not use such an example-
driven approach, and thus can handle more 
complicated 3D shape and motion, as well as the 
interaction between the object and its surrounding 
environment. Recently Held et al. present a Kinect-
based system for producing 3D animations using 
physical objects as input. However, their output is 
computer-generated animations, rendered using the 
reconstructed 3D models of the physical objects, 
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while our intention is to create animations with 
videos and pictures of real, physical objects.  
 
Video segmentation and completion. Our system 
needs to segment out parts of the object occluded by 
hands, and then faithfully complete the occluded 
areas. There exist a variety of interactive rotoscoping 
and video object cutout methods. These methods are 
designed for accurate object segmentation and 
generally require a large amount of user interaction 
for achieving high accuracy. Agarwala et al. present a 
digital photomontage framework for combining parts 
of different photographs into a single composite for a 
variety of applications. Our system uses a similar 
approach for combining two images captured in the 
two phases together to create a final composite. 
However the photomontage system only deals with 
pre-aligned still images, while in our work we have to 
provide solutions to align images taken at different 
times, and propagate the image completion. 

 
Figure 1: Processing workflow 

 
III. USER INTERFACE AND WORKFLOW 

 
Our system requires a video camera connected to a 
computer. Since our main target user groups are 
amateur animators, in our current setup we use an 
inexpensive consumer USB webcam for its simplicity 
and affordability (Figure 1).  
 
A. Two-Phase Capturing  
Phase I. The first phase starts with capturing a clean 
background plate without the object or the animator. 
The animator then holds the object directly by hand 
and performs a desired motion by continuously 
moving the object in front of the camera. The 
animator is allowed to change hand placement during 
capturing, though it may cause the captured motion to 
be less fluent, requiring additional motion editing in 
post-production. To achieve the maximum efficiency 
using our system, the animator is required to hold the 
object only at its near-rigid parts and to avoid 
occluding non-rigid parts by his/her hands (Figure 2). 

 
Figure 2: Positive example and two negative examples for hand 

placement 
 
Phase II. In this phase, keyframes selected in Phase I 
are sequentially processed through a specially-
designed user interface. Starting from the first 
keyframe, the user physically moves the object to 

align it with the previously captured object in each 
keyframe. This time the hand position must be 
different so that the previously occluded parts are 
clearly visible in the newly captured image. We 
develop an interface based on the idea of onion 
skinning to facilitate this keyframe-based capturing 
process. It displays a semi-transparent overlay of the 
current keyframe and the live frame (Figure 3). A 
snapping-like feature is integrated in this interface so 
that when the object is close enough to its position 
and orientation in the keyframe, our system 
automatically warps the current live frame to better 
align with the keyframe. 

 
Figure 3: Onion snapping, skinning and superimposed edge 

maps 
 
B. Interactive Hand Removal  
After the two-phase capturing process, we have a 
performance video with a set of selected keyframes 
from Phase I, and another captured and well-aligned 
image for each keyframe from Phase II. In the next 
step, for each keyframe the user invokes a semi-
automatic procedure to roughly segment the hands 
and complete the occluded object regions in the ROIs 
using image composition. The hand masks and the 
hand removal results in the keyframes will then be 
automatically propagated to the intermediate frames 
between them for restoring occluded regions, 
resulting in a complete stop motion animation video. 
Given the pair of images for each keyframe, our 
system automatically generates a composite by 
combining parts of the two images together to remove 
the hands, using an optimization approach. If the 
composite contains errors, the user can refine it using 
brush tools, which are treated as hard constraints in 
the optimization algorithm. Our system also produces 
an object mask and a hand mask based on the 
completion result, which will be used for temporal 
propagation.  
 
IV. ALGORITHM AND 

IMPLEMENTATION  
 
A. ROI and Keyframe Specification  
The user specifies an ROI (Region of Interest), i.e., a 
bounding box which loosely encloses the occluded 
region. The bounding box is then automatically 
tracked in the rest of the sequence. We assume that 
the object’s motion is relatively slow in the captured 
video, and thus the bounding box can be well tracked 
by computing optical flow between adjacent frames 
using a state-of-the-art approach. The user can also 
adjust the bounding box on any frame, which will 
reinitiate tracking starting from that frame. After the 
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ROI is specified, our system automatically estimates 
object motion within the ROI to determine an initial 
set of keyframes. A keyframe should be placed at 
times when the object is undergoing a significant 
appearance change. To detect this we again use 
optical flow for motion estimation. The optical flow 
is only computed inside the ROI of each frame with 
respect to the corresponding region in the next frame. 
Specifically, let the average magnitude of the flow 
field from frame t −1 to t be |vt |, and the current 
keyframe be ki, then the next keyframe ki+1 is 
selected when Σki+1t=1+ki |vt | > Tv, where Tv is a 
predefined threshold.  
 
B. Onion Skinning and Snapping  
Our system requires only a rough alignment between 
the object in the live frame and its counterpart in the 
keyframe. This is an important feature for our 
capturing workflow, since in practice it is very hard 
for the user to manually reach a perfect alignment 
(Figure 4 (middle)). To relieve the burden from the 
user, we compute optical flow between the keyframe 
ROI and the corresponding region in the live frame 
on the fly while the user is using the onion skinning 
interface. The flow is weighted by the pixel-wise 
difference between the two regions to reduce the 
disturbance of the hands, since the hands are at 
different positions in the two images. When the 
objects in the two images are close enough in both 
position and orientation (thus satisfying the small 
movement assumption of optical flow), the ROI in 
the live frame is warped by the flow and snapped 
onto the ROI in the keyframe to create a more 
accurate alignment.  
 
C. Hand Removal  
Semi-automatic Hand Removal on Keyframes  
Given the ROI on a keyframe ki, denoted as Ri and 
the corresponding ROI on the live frame denoted as 
Rli. The goal is to remove the regions occluded by 
the user’s hands and recover the complete object in 
Ri with the help of Rli. Assuming that Rl is already 
warped by optical flow to align with R, our system 
treats hand removal as an image compositing 
problem, where each pixel Cx in the final composite 
C is assigned to one of the two possible colors: Rx or 
Rlx. In general, assuming Rl and R are aligned well, 
if x is a pixel that is not occluded by hand in both R 
and Rl , then Rx ≈Rlx, and we prefer to assign Cx 
=Rx to minimize the changes made to R. On the other 
hand, if x is occluded in either R or Rl , then Rx is 
significantly different from Rlx. In this case we will 
use a background color model to further determine on 
which image the occlusion happens. If the occlusion 
happens on R, we then assign Cx = Rlx to reconstruct 
the object color at pixel x. For each pixel Rx, we 
compute two color probabilities: the probability that x 
is not occluded, denoted as pf (x), and the probability 
that x is either occluded or a background pixel, 
denoted as po(x). To compute pf (x), we first select a 

set of high confidence pixels for which Rx −Rlx < δ, 
where δ is a small constant which we set as 0.05. We 
then train a Gaussian Mixture Model (GMM) Gf 
using the colors of these pixels. Finally, we compute 
pf (x) as pf (x)=Gf (Rx). Similarly, to compute po(x), 
we use all pixels on the border of R to train a GMM 
color model denoted as Go, and compute po(x) as 
Go(Rx). Note that Go contains both hand and 
background colors.  
 
Automatic Temporal Propagation  
Once satisfactory hand removal results are achieved 
on two adjacent keyframes k1 and k2, with their 
completion results denoted as Ck1 and Ck2 , our 
system employs an automatic temporal interpolation 
method for hand removal on all in between frames j, 
k1 < j < k2. For temporal propagation we further 
process keyframe k1 to generate a hand mask 
Mhandk1 and an unoccluded object mask Mobjk1 , 
with the help of the clean background plate B. 
Specifically, the hand mask is computed as:  
Mhandk1 (x) = Th(|Rk1 (x)−B(x)|)&Th(|Rk1 
(x)−Ck1 (x)|) (1)  
where Th(ε) is a step function that Th(ε) = 1 if ε > Tc, 
and 0 otherwise. Tc is a predefined color threshold 
which is set to be 0.1 in our system. The unoccluded 
object mask Mobjk1 is then computed as:  
Mobjk1(x) = Th(|Rk1 (x)−B(x)|)−Mhandk1 (x) (2)  
In Equations 1 and 2, the masks are computed as per-
pixel operations. In theory we could improve the 
robustness of mask calculation by using another 
graph cuts optimization process. However in practice 
we found this is not necessary as we do not require 
accurate object and hand masks. 
 
V. RESULTS AND DISSCUSION  
 
We have applied our technique to animating a variety 
of everyday objects in stop motion style. All the 
animations presented in the paper were created by 
amateur users who have little experience in making 
either digital animation or stop motion. All the 
examples were made in a daily working environment 
instead of a professional studio with special lighting 
setup and blue/green screens for background 
replacement in post-production. In traditional stop 
motion production, even for a simple example like 
moving a computer mouse on the table to mimic the 
motion of a real mouse, animators have to carefully 
plan and perform the motion in increments. Using our 
system, the animator performs and captures the 
desired motion in a continuous fashion. Our 
workflow essentially separates motion performance 
(Phase I), which might require an experienced 
animator, from keyframe based interactive rendering 
(Phase II), which requires some amount of user input 
but can be done by amateur users. In other words, it is 
not necessary to have the same animator involved in 
both phases. On the other hand, the flexibility of our 
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system is at the cost of the lack of precise control, 
possibly requiring motion editing in post-production.  
With traditional stop motion techniques, it would 
typically take a much longer time to create everyday 
object animations. For instance, it is expected that at 
least 2 days are needed even for professionals to 
complete a simple animation. It is also difficult to 
reproduce the continuous motion of water by still 
shots.  
 
CONCLUSION AND FUTURE WORK  
 
We have demonstrated a video-based interface for 
creating stop motion animations of everyday objects. 
Our system provides a fluent workflow with direct 
hand manipulation, which is particularly beneficial 
for amateur users, who typically have difficulties in 
performing a desired motion by integrating small 
motion increments, and in making and using rigs for 
object control. Our tool can also be used together 
with traditional stop motion techniques for making 
professional animations.  
Our system is of course not designed for animating 
every possible object, and it has a number of 
limitations that the user should be aware of. Our 
system is based on the key assumption that occluded 
object parts in the first capturing phase are available 
in the second phase. However this is not true for 
highly deformable objects such as clothes, which are 
easily distorted by direct hand manipulation. Our 
system may have difficulties with this type of objects. 
Our automatic temporal propagation step first uses 
optical flow to estimate the motion of unoccluded 
parts and then extrapolates the flow to the occluded 
regions as a warp field. Thus the problems due to 
either optical flow or flow extrapolation would cause 
artifacts. Optical flow is rather weak at estimating 
out-of-plane rotation and performs poorly for regions 
with low texture.  
In case of changing lighting conditions, images 
captured from Phase II may have significantly 
different appearances than the video captured in 
Phase I, which will make a number of components 
that rely on computing color difference fail.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A possible solution is to examine how the lighting 
changes in common regions of the scene captured in 
the two phases, and apply relighting techniques to 
cancel out the effect of lighting difference before 
applying our system.  
Although our system is limited in a number of cases 
discussed above, we have demonstrated in this paper 
that our system is already useful and efficient for 
creating stop motion animations for a wide variety of 
objects, and has advanced the state-of-the-art in low-
budget stop motion production. As a future work we 
plan to address these limitations for building a more 
robust system.  
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