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Abstract. Motion Capture technology refers to the technology of recording and processing the
actions of people or other objects, and generating corresponding virtual asset action animations.
It has been widely used in our daily life. Virtual characters like Hulk, Gollm, and Avatar were
all built based on the technology. It can also be applied to sports analysis, human biomechanics,
automotive, virtual reality, etc, showing its huge application prospects. Specifically, 3D Motion
Capture Market was forecast to reach $270.9 million by 2026 suggested by industry ARC. To
help readers get familiar with the field without much background knowledge, this paper reviews
the origin of the motion capture technology, the way motion capture technology was realized
and the mainstream methodologies of capturing motion. This paper provides the reader with
some existing applications of motion capture technology in different fields so that the reader can
understand the importance of the technique. Readers can also get some insight into what future
studies may be focused on and if there is any promotion of the motion-capturing methods.
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1. Introduction

People have been considering imitating real-world action in the virtual world for a long time. Starting
in 1915, the rotoscope skill invented by Fleischer was considered the beginning of the motion capture
idea. Artists utilize their painting skills to depict what they have seen in the real world and to re-produce
it to their anime characters. With the rapid development of computer hardware and software technology,
people are demanding to make virtual elements as close to the real world as possible. People are
increasingly improving animation production and are constantly trying to simulate the real world on
computers. Among them, motion capture technology is one of the bridge technologies to build real and
virtual worlds. With the practical application of motion capture technology, many companies have also
launched motion capture-related equipment, such as Polhemus, MotionAnalysis, and so on. Motion
capture technology is widely used in various animations, films, game productions, virtual reality-related
industries, and so on.

This paper introduces the key idea behind motion capture technologies and today's mainstream major
motion capture techniques including mechanical, acoustic, electromagnetic, optical, and inertia sensor-
based motion capture methods with their advantages and disadvantages and several applications. This
paper helps readers quickly become familiar with the field, summarizing the main research directions
in the fields with their constraints and provides insights for future researchers to find their path.
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2. Analysis of existing motion capture technologies

2.1. The principle of motion capture technology

The essence of motion capture technology is to measure, track and record the motion trajectories of
objects in three-dimensional space through the combination of hardware and software, and then transfer
the data to the computer for high-speed processing. The motion is restored and rendered in the computer
model so that the virtual model in the computer can be well combined with the motion data in the real
world so that the model can move.

To capture all the data in the real world comprehensively and accurately, the general motion capture
device consists of sensors, signal capture devices, data transmission devices, and data processing devices
[1].

(1) Sensor: A device used to track the specific location of an object. The position information of
moving objects will be provided, and the more the number of sensor settings, the more detailed
information will be captured.

(2) Signal capture devices: the location information provided by the sensor needs to be captured by
the signal capture device. Usually, it is a Dina Luban or an infrared camera that captures electrical signals.

(3) Data transmission to processing equipment: all the captured signals are sent to the computer for
processing and correction, thus forming a signal language that can be read by the computer, and bound
with the model in the computer to complete the entire process of computer capture.

(4) Performer: A person who assists the system in motion capture by wearing a device to perform a
series of prescribed actions.

2.2. Different Approaches towards motion capture technique

With the development of technology, people have already realized motion capture technology in various
ways. According to the technical principle, it can be roughly divided into mechanical type, acoustic type,
electromagnetic type, inertial sensor type, and optical type. Among them, the optical type can be further
subdivided into marked point type and non-marked point type. Considering the cost and practical effect,
optical motion capture and inertial sensor motion capture are the most widely used [2].

2.2.1. Mechanical motion capture. Mechanical motion capture systems rely on mechanical devices to
record the movement of objects. A typical device will consist of multiple joints and links. The joints of
the device are rotatable, the device can simulate the shape of different objects and the required posture
according to the high demand, to be locked, and the built-in angle sensor will measure and record the
angle change of the joint. The connecting rod records the change in length. These data will be processed
by the computer to calculate the corresponding posture and motion, and then transmitted to the model
in the computer to replicate the real action.

The implementation cost of the method is low, the collection of motion information is relatively
accurate, real-time measurement can be performed according to motion, and multiple objects can be
captured simultaneously. However, due to the need to wear the device at all times, when capturing
human movements, the movement of the person wearing the device will be greatly restricted, resulting
in impaired movement continuity. Therefore, this method has certain limitations in simulating real
motion [3].

2.2.2. Acoustic motion capture. In acoustic motion capture, the signal transmitting device is an
ultrasonic sound generator, and the receiving system is generally a plurality of ultrasonic probes. The
travel time of the acoustic signal can be used to locate the distance the sound has traveled, and together
multiple probes can calculate the position of the sound generator relative to the receiver. Just as we can
roughly judge the direction of the sound by the sound we hear in our ears in real life, the ultrasonic probe
can solve the spatial coordinates of the sound generator.
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The biggest advantage of this method is its low cost. However, the shortcomings are also very
obvious, because the sound wave is easily affected by the environment, and is easily affected by noise
or multiple reflection factors, resulting in poor accuracy.

2.2.3. Electromagnetic motion capture. This method requires a magnetic field emission source. The
emission source generates a regularly distributed electromagnetic field in space, and a moving object
placed to receive the sensor will move in the magnetic field. As the object moves in the magnetic field,
the sensor transmits the signal to the signal processing unit through a cable or wirelessly, and calculates
the position of each sensor based on the distribution law of the electromagnetic field and the sensor
signal. The cost of the scheme is reasonable, the real-time performance is good, and it is relatively simple
to use.

However, the electromagnetic field itself is very sensitive to metal objects, and the electromagnetic
field changes caused by metal objects will greatly affect the accuracy. Secondly, it is also difficult to
capture fast movements and complex movements. Therefore, the application of electromagnetic motion
capture also has limitations [4].

Considering the limitations of use, the two most widely used motion capture technologies today are
optical motion capture and inertial motion capture.

2.2.4. Optical motion capture. Optical motion capture is mainly based on the principle of computer
vision, and information capture is completed by tracking a certain feature point of the target through
cameras from different angles. Just imagine the motion of any point in space, and if two cameras track
it simultaneously from different angles, you can completely determine how that point moves in space.
Because one camera can only capture the motion trajectory on one plane, the second camera can capture
its stereoscopic motion, so we need at least two cameras to capture it. And when the two cameras shoot
continuously at a high enough rate at the same time, we can completely track the 3D motion trajectory
of the object.

In optical motion capture, only using the camera to detect the information of the feature points of the
object is called markerless optical motion capture, and adding markers on the object as sensors are called
optical motion capture.

2.2.5. Markerless Optical Capture. The principle of markerless optical motion capture is firstly based
on the motion capture of video images. In this method, the computer detects the target object in the two-
dimensional image, to extract the coordinates of the required joint points in the two-dimensional plane,
and then combines multiple cameras to obtain the three-dimensional space from various measurements.
information in. However, a given image may contain a lot of interfering information, which affects the
computer's ability to extract the target, and is slow to render in real-time. Above this, it is even more
difficult to locate the joint points that need to be captured. Therefore, to extract the target information
more conveniently, we introduced an infrared camera so that the target image and the background can
be separated by active heat source irradiation so that the target detection speed is greatly improved.
However, because the irradiation direction of the heat source is fixed, the movement of the target is
limited, and it is difficult to capture all-around motion. Similarly, in the absence of any sensor, we lack
the means to clarify the reference information of joint points, so it is difficult to calculate and confirm
the position of joint points only through images, and the resulting accuracy error is difficult to overcome.
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2.2.6. Marker-Based Optical Capture. As mentioned above that markerless optical capture is difficult
to extract the feature information of joint points so it is difficult to extract and locate directly in the
computer. And markup can solve these problems very well. The fundamental method is to stick the
optical identification points on the target joints so that multiple cameras can directly track the motion
trajectory of the detection points and transmit information in real time, to achieve the purpose of motion
capture technology. The advantages of this method are that the technology is relatively mature, the
precision is high, the motion capture is also very accurate, the use is convenient and fast, and the cost is
relatively low. However, its disadvantage is that the representation point may lose key information due
to occlusion [5].

2.2.7. Inertial sensor-based motion capture. The inertial sensor-based motion capture system includes
an attitude sensor, a signal receiver, and a data processing system. Among them, the attitude sensor is
used to fix the main body parts of the human body, and the signal is transmitted to the data processing
system for calculation using wireless transmission. The attitude sensor integrates measuring instruments
of various physical quantities, including inertia, gravity, acceleration, magnetic induction, gyroscope,
etc., which comprehensively records the motion information of this part. Combine the length and
connection information of the sensor to restore the real movement mode.

The advantage of this method is that it is easy to operate, and the target performer is not restricted
like mechanical motion capture and can perform outdoors. However, all recorded physical quantities are
further calculated under the assumption of ground constraints, so positioning and calculation of motion
cannot be performed after leaving the ground. In addition, the sensor cannot perform absolute
positioning, in which the calculation of the physical quantity gives a relative physical motion trajectory,
and the spatial positioning will also cause a lack of accuracy. In addition, the device itself, although
significantly more portable than mechanical motion capture, still imposes a certain degree of restraint
on the performer. And the cost will grow exponentially with the number of performers that need to be
captured, which is also one of the drawbacks.

2.3. Emerging Technologies

With the maturity of different technologies, people are also looking for different ways to optimize
motion capture technology, among which the motion capture technology combining different methods
emerges as the times require. Among them, the light-inertial hybrid motion capture technology is an
emerging motion capture technology that combines optical sensors and inertial sensors. Its advantage is
to make up for the defects in various technologies to a certain extent so that more trial scenarios can be
used. However, the solution is immature and the cost is unacceptable. The author believes that as people
come up with more and more solutions to optimize motion capture technology [6].

3. Applications of Motion Capture Technology

3.1. Entertainment industry

In the entertainment industry, motion capture technology is widely used. From the movement of alien
creatures in movies to NPCs in games to virtual anchors in virtual worlds, motion capture technology is
used to make creatures that do not exist in the real world move like humans. The most classic example
of this is Gollum in The Lord of the Rings. During the shooting, the plot related to Gollum will be
repeated 3 times to achieve the most realistic effect. Similarly, the movie Teenage Mutant Ninja Turtles
also uses motion capture technology to make the behavior of the turtles modeled by the computer more
human-like [7].

3.2. Sports industry

Motion capture technology can track the performance of athletes in training and on the field so that
professional coaching teams can provide better assistance to players. The motion capture technology
can record every movement of the athlete, and play it frame by frame to help the coaching team analyze
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and guide their techniques, and can find out the hidden dangers of the athlete's physical condition for
the change of the athlete's movement, to protect the athlete's body and provide the sports career [8].

3.3. Medical treatment

When the patient is undergoing rehabilitation training, the doctor usually observes the patient's
movement posture with the naked eye. By the time doctors can detect the difference, the patient's
movements are severely deformed. The introduction of motion capture technology can greatly improve
the accuracy of the patient's motion posture detection, help doctors detect those small changes that are
difficult to capture with the naked eye, and help doctors more timely and comprehensively understand
the patient's condition and provide corresponding help before serious deformities occur [9].

3.4. Digital protection

Motion capture technology can digitally preserve artist performance records. Taking Chinese traditional
cultural opera as an example, let the performers wear motion capture equipment to perform the opera,
we can completely save all the performance data of the related opera, to protect it electronically. Using
it as data, we can also make computer models perform similar actions, or let different people watch
operas together through virtual reality [10].

4. Conclusion

Evolving from the idea to make the virtual world as vivid as possible, we have already developed
multiple methods to approach our demand. This article sums up all the mainstream motion capture
methodologies with their features for readers to examine the fundamental process so far. From the
examination, the most useful approaches are optical motion capture and inertia sensor-based motion
capture. Due to different constraints including cost, accuracy, usage scenario, acoustic motion capture,
mechanical motion capture, and electromagnetic motion capture are being excluded for wider use. The
main limitation of optical motion capture is the occlusion of the marker in marker-based and the problem
to trace the target in markerless motion capture.

In future studies, an interesting study field may be how to extract target information without using
markers by optimizing the way a computer recognizes a picture. Another way to optimize the methods
is to try to find new emerging skills like the optical inertial hybrid mentioned in the article [6]. By
improving the speed of processing images and the sensitivity of motion trackers, motion capture can be
improved thus creating more vivid computer animation. Besides, motion capture techniques can be used
as the foundation of facial expression capture techniques. Similar to motion capture, facial expressions
requires tracing the target on people's face. The difference is that facial expressions can be subtle enough
that we need more sophisticated capture techniques. Improving accuracy can help people to create vivid
facial expressions on computer models.

The limitation of the article is that it provides a brief introduction to different methodologies without
much theory explanation. Each method is highly-math-based and requires complex algorithms to
process data. The article failed in explaining in-depth science-based explanation but focused on an
outline of the existing technologies so that readers can have an overview of the field without much
scientific background.
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