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Abstract
In this paper, we propose the key frame
extraction method based on cosine similarity
algorithm. The method removed the joints that
have less influence on the human posture. Then
we regard the human motion capture data as a
vector in the Euclidean space, which is used to
represent the motion frame. We extract the key
frames by calculating the cosine similarity
between vectors. Experimental results show
that our method has high compression rate and
low reconstruction error in the extraction of
key frames, and has great practical value.
Keywords: motion capture, key frame, cosine
similarity, reconstruction error

1. Introduction
With the rise of motion capture technology [1],
the traditional animation production methods
are gradually replaced by the character
animation based on motion capture technology.
However, human motion capture data has the
shortcomings of high dimension, data
redundancy, difficult to deal with. We can
effectively reduce the data redundancy of video
content by using the key frame extraction
technology. The extracted key frames can
improve the retrieval efficiency of the motion
data. In order to make key frame extraction
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more efficient, many researchers have done a
lot of work in this field.
Lim et al [2] improved the curve simplification
method, simplified the motion data into the
curve in space, and extracted the position
sequence of extreme points on the curve as the
key frame. Halitet al [3] uses the PCA reduced
dimension method to get the characteristic
curve of motion data, and then use Gaussian
filter to get the motion sequence. Finally, the
key frames are obtained by clustering method.
Liu et al [4] proposed a clustering method in
which the motion data are clustered into K sets
according to the feature, and then the first
frame in each set is regarded as the key frame.
Sun [5] proposed a key frame extraction
algorithm based on improved K-means
algorithm, clustering the extracted feature
vectors according to the similarity of artificial
fish, combined with K-means algorithm to
calculate the clustering results, and extracted
the key frames. Yang et al [6] proposed a key
frame extraction method based on quantum
particle swarm optimization algorithm, Particle
swarm optimization algorithm has faster search
speed, and uses sequential integer coding to
ensure the sequence of motion sequences. This
method can extract the key frames of the
motion data effectively.
The above-mentioned methods can effectively
extract the key frames, but they all have their
own deficiencies. Curve simplification method
is easy to lose motion information. The
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clustering method does not take into account
the time series consistency, which will lead to
the chaos of the motion sequences. Intelligent
algorithm is complex, time-consuming and
unstable. This paper presents a key frame
extraction algorithm based on cosine similarity.

2. Key frame extraction based on
cosine similarity
2.1 Calculate the cosine similarity
As a similarity measurement method, cosine
similarity has a good effect of vector similarity
measurement. Cosine similarity is widely used
in text similarity detection [7], image
recognition, machine learning and other fields.
Cosine similarity uses the cosine value of two
vectors to represent the similarity of two
individuals. The cosine value is closer to 1, the
more similar of the two individuals.
In n-dimensional space, the cosine value of two
vectors a ( x11 , x12 , , x1n ) and b( x21 , x22 , , x2 n )
is calculated as follows:
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Human motion capture data is 96 dimensional
data. We regard human motion capture data as
vectors in Euclidean space. There are no two
motion vectors in the same direction for a
continuous motion sequence. Therefore, we
can use the cosine similarity to calculate the
difference of the two vectors in the direction,
when the difference between motion vectors is
large, it can be taken as a key frame. We
choose four frames from the jumping motion to
calculate the cosine similarity. The selected
frames are shown in Figure 1.

Figure 1: (a) Standing (b) Bending (c)Squatting
(d) Jumping
The cosine similarity between the four motion
frames is shown in Table 1.

Table 1: cosine similarity between the four
frames
Frame
(a)
(b)
(c)
(d)
(a)
1.0000 0.9470 0.6321 0.5692
(b)
0.9470 1.0000 0.8210 0.7089
(c)
0.6321 0.8210 1.0000 0.7742
(d)
0.5692 0.7089 0.7742 1.0000
As can be seen from Figure 1 and Table 1, the
cosine similarity between the four motions
shown in Table 1 is consistent with the
difference between the four motions shown in
Figure 1. It can be known that the cosine
similarity can be used to measure the similarity
of motion frames.
2.2 Extract the key frames
In the human skeleton model, there are some
joint points which have little influence on
human body posture, so we can remove these
joint points to improve the accuracy of the
calculation. In this paper, we remove the root
joint points and eight other joint points
(RightFingerBase/RightFinger/RightThumb/Le
ftFingerBase/LeftFinger/LeftThumb/RightToe
Base/LeftToeBase). The original motion data is
reduced from 96 dimensions to 69 dimensions.
In the experiment, we use the cosine similarity
to represent the difference of human pose, the
range of cosine similarity is [-1,1]. The larger
the cosine value is, the more similar the two
motion pose is. Set the similarity threshold,
which is typically set between 0.9 and 1. The
higher the compression ratio requirement, the
smaller the threshold setting. First, take the
first frame of the motion sequence as the first
key frame. Calculate the cosine similarity
between the key frame and subsequent motion
frames. The frame which has large difference
with the key frame is extracted as a new key
frame. Then the newly extracted key frame is
compared to the frames following it, Loop until
the end. Specific steps are as follows:
Step1: Read the original motion capture data,
remove the minor joint points, and reduce the
dimension of data.
Step2: Take the first frame as the key frame,
initialize the loop variable j = 2 .
Step3: Sets the loop variable j ≤ n , where n is
the total number of frames of the motion
sequence. When j ≤ n , calculate the cosine
similarity between the key frame and the frame
represented by the number j. After the
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dimension reduction, the motion data of each
frame is represented by a 69 dimensional
vector, the cosine similarity is calculated as
follows:
𝑚𝑚 =

�𝑥𝑥12

𝑥𝑥1 𝑦𝑦1 + 𝑥𝑥2 𝑦𝑦2 + ⋯ + 𝑥𝑥69 𝑦𝑦69
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Step4: Set a threshold α , α ∈ (−1,1) . When
m < α , that shows the large difference between
the two motion frames. Extract the frame
represented by the number j as a new key
frame, save in key[j].
Step5：Set j=j+1, return step2, Loop until the
end. All the key frames are saved in key[j].

Figure 4: The key frames of playing football
The experimental results show that the
key
frames extracted by our method can well
reflect the original motion sequence.
Experiment 2: We use the method proposed in
this paper and t-SNE dimension reduction
method [8] to extract the key frames of
jumping movement (439 frames).

3. Experiments and analysis
In the experiment, we select walking, running,
jumping, kicking four kinds of sports, these
sports are commonly seen in our daily life. The
experimental data is from the Carnegie Mellon
University (CMU) human motion capture
database. After a number of tests, the extracted
key frames have both low reconstruction error
and high compression rate when the similarity
threshold is about 0.95. In the following key
frame extraction experiments, the similarity
threshold is set to 0.95.
Experiment 1: The key frame extraction of
walking, running and kicking sports.

Figure 5: The method used in this paper (19
frames)

Figure 6: t-SNE dimension reduction method
(22 frames)

Figure 2: The key frames of walking

Figure 3: The key frames of running

As can be seen from Figure 5, our method
extracts the key frames sampled uniformly and
has a good generalization of the original
motion sequence. The t-SNE method had the
problems of over sampling at the end of the
movement and under sampling when strenuous
movement. In comparison, the method
proposed in this paper is better.
Experiment 3: The method proposed in this
paper is compared with t-SNE method.
This paper adopts the method of linear
interpolation to reconstruct the motion
sequence. The reconstruction error between the
reconstructed sequence and the original
sequence is calculated as follows:

CASA 2017

144

1 n
∑ (M1 (i) − M 2 (i))2
n i =1
Where M 1 (i ) is the original motion data, M 2 (i )
is the reconstructed motion data, n is the total
number of the motion frames.
The compression ratio and the reconstruction
error of the extracted key frames are shown in
the following tables:
E
=

Table 2: Compression ratio and reconstruction
error using our method
Motio
n type
Walk
run
Jump
Kick

Total
fram
es
343
165
439
801

key
fram
es
20
13
19
23

Compress
ion ratio
(%)
5.83
7.87
4.32
2.87

Reconstru
ction error
5.16e+03
3.35e+03
6.28 e+03
1.65 e+04

Table 3: Compression ratio and reconstruction
error using t-SNE method
Motio
n type
Walk
run
Jump
Kick

Total
fram
es
343
165
439
801

key
fram
es
29
14
22
29

Compress
ion ratio
(%)
8.43
8.48
5.01
3.62

Reconstru
ction error
6.86e+03
3.97 e+03
8.02 e+03
2.71 e+04

Seen from Table 2 and Table 3, for several
common sports, our method extracts fewer key
frames, which means higher compression
efficiency. At the same time, the reconstruction
error obtained by our method is lower than that
of t-SNE method. Therefore, the proposed
method can get better results compared to tSNE method.

4. Conclusion
In this paper, we propose using cosine
similarity algorithm to extract key frames.
The experiment result shows that our method
has a good effect in the key frame extraction.
And the proposed method only need to set a
similarity threshold, the key frame extraction is
simple and reliable. How to improve the
application of cosine similarity in human
capture data, reduce the similarity error and
make it have good adaptability, which is the
direction of our research and improvement.
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