
Chapter 3 

Motion Capturing Techniques 

When considering the methods which may be used to perform gait analysis. it is 

helpful to regard them as being in a "spectrum· or "continuum·. ranging from the 

absence of technological aids. at one extreme. to the use of complicated and 

expensive equipment at the other [3 J. r 4]. Selection of a method is to be done 

considering the purpose of analysis. 

In this analysis the gait motion capture method has to fulfil certain requirements. 

1) It has to give a permanent record of data 

2) Has to be fast to capture high-speed events 

3) Data has to be in a format which provides the 30 positions of moving leg or 

joint angles in absolute terms 

By studying the alternative methods available for gait analysis. a selection was made 

as to \vhich method to be used for this study. Cost of the apparatus. Availability of the 

apparatus. non-invasiveness and accuracy were considered as the key selection 

criteria. 

3.1 Direct Motion Measurement Systems 

Direct motion measurement systems measure the motion of the leg using some form 

of direct connection to the subject. In this method Electrogoniometers are used to 

measure joint angle variations [ 4]. Electro goniometer is a device that can be used for 

making continuous measurements of the angle of a joint. Fig 3.1 illustrates how 

goniometers are fixed on a subject's leg to take measurements. 

3.1.1 Potentiometer devices 

Potentiometer devices can be used to measure the angle of a joint if it is fixed in such 

a way that the body of the potentiometer is attached to one limb segment and the 

spindle to the other. The device can be calibrated to measure the joint angle in 
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degrees. Multiple potentiometers can be mounted in different planes to make multi

axial measurements. Another similar device is rotary encoder that can be used for 

angle measurement. 

Fig 3.1: Subject vvearing tri-axial goniometry (Source: Gait Analysis an Introduction hv 

Michael W. Whittle) 

3.1.2 Flexible Strain Gauges 

Flexible strain gauge electrogoniometer consists of a flat thin strip of metaL one end 

of vvhich is fixed to the limb on each side of the joint being studied. The bending of 

the metal as the joint moves is measured by strain gauges and the electronics. The 

output depends on the angle between the two ends [2], [5]. Fig 3.2 illustrates use of 

flexible strain gauges in joint angle measurement. 

Fig 3.2: Subject wearingflexible strain gauges (Source: Gait Analysis an Introduction 

by Michael W Whittle) 

11 



The main drawback of direct motion measurement systems is that the measuring 

devices inhibit the motion of the subject [4]. Also the measurements arc in relative 

angles. Due to these reasons the direct measurement system is not considered. 

Availability of Apparatus The available measuring device is rotary encoder 

Cost of the Apparatus Cost of rotary encoders is on the average side 

Good accuracy is expected but method of fixing 
Accuracy .; 

encoders to the joints is an issue 

Non-invasiveness Attached encoders is a hindrance for walking 

Tahle 3. I: Selection criteria applied to direct motion capture method 

3.2 Kinematic Systems 

Kinematics is the measurement of movement or geometric description of motion, in 

terms of displacements, velocities and accelerations. Kinematic systems are usually 

based on optical motion capture. Optical motion capture can be further classified 

according to the number of views, monocular or multi-view. Kinematic methods can 

also be divided to marker-based or marker-less methods. A marker based systems 

measures the trajectories oftarget points (markers) on the body [6]. 

3.2.1 Two Dimensional kinematic systems (monocular, marker based system) 

Kinematic measurement may be made in either two dimensions or three. Simplest 

kinematic measurements are made using a single camera, in an un-calibratcd system. 

Such a system can be used to measure joint angles in the sagittal plane. The camera is 

positioned at right angles to the plane of motion and as far away as possible. to 

minimize the distortions introduced by perspective. 

Monocular techniques have to deal with ambiguities in the reconstruction of 30 pose 

caused by reflective ambiguity [7 J and kinematic singularity [8]. 
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Availability of Apparatus 

Cost of the Apparatus 

Accuracy 

Non-invasiveness 

Video cameras, camcoders or webcams are widely 

available 

Cost of above cameras is on the average side 

Accuracy is less because of single camera system 

No hindrance for the subject's walking 

Tahle 3.2.· Selection criteria applied to two dimensional kinematic systems 

3.2.2. Three dimensional kinematic systems (multi-view, marker based system) 

To achieve reasonable accuracy in kinematic measurement. it is necessary to use a 

calibrated three-dimensional system. which involves making measurements from 

more than one viewpoint. Different types of cameras can be used to capture the 

images from different viewpoints. From the synchronized images, 3D positions of the 

markers can be extracted after processing. Software for calibration of multi-cameras 

have been developed by different vendors of camera systems [ 17]. 

Availability of Apparatus 

Cost of the Apparatus 

Accuracy 

Video cameras, camcoders or webcams are widely 

available 

Cost of above cameras is on the average side 

Good accuracy can be expected from multi-view 3D 

kinematic system 

Non-invasiveness No hindrance for the subjecfs walking 

Tahle 3.3: ,\'election criteria applied to three dimensional kinematic systems 

3.2.2.1 Photographic systems 

The advantages of photographic systems are the relatively low cost of the equipment, 

the potentially high accuracy obtainable and the ability to film subjects 'in the field'. 

rather than in the laboratory. 

I Jere the subject is filmed while walking; using one or more cameras and the 

calibration object is also filmed. without altering the camera position or settings. After 

the film or films have been processed. the images are digitized by an operator. who 

views successive frames. identifies the required landmarks and measures their two-
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dimensional coordinates [21, [91. Using a specially designed 'analyzing projector' the 

operator moves a cursor to the appropriate points in the image and presses a button to 

transkr the coordinates of each point into a computer. To avoid frame-to-frame 

\ariations in film position. it is common also to digitize the positions of fixed markers 

\\ithin the field ofvicw [2l 

3.2.2.2 Videotape and DVD digitizers 

The same way photography has been used, videotape and DVD digitizers have 

considerable advantages in terms of cost, convenience and speed, although it may not 

he quite as accurate. because of the poorer resolution of television image compared 

\\ ith cine film and further losses involved in recording and replaying the images. 

Another considerable advantage is that it is possible to automate the digitization 

process using electronic processing of the image, especially if skin markers are used. 

\\hich show up clearly against the background [2], [9]. 

3.2.2.3 Television I computer systems 

In this approach, ref1ectivc markers are fixed to the subjecf s limbs. either close to the 

joint centres or fixed to limb segments in such a way as to identify their positions and 

orientations. Close to the lens of each television camera is an infrared or visible light 

suurcc. which causes the markers to show up as very bright spots. Each television 

camera is connected to a special interface board which analyzes each television frame. 

The systems differ in how they locate the 'centroid' or geometric centre of each 

marker within the television image, but it is typically calculated using the edges of 

any bright spots in the field of view. The computer stores the marker centroids from 

each frame of data for each camera, but initially there is no way to associate a 

particular marker centroid with a particular physical marker, The process of 

1dentifying which marker image is which for each of the cameras, and of following 

the markers from one frame of data to the next, is know as 'tracking' or ·trajectory 

following·. The speed and convenience of this process differ considerably from one 

-;ystcm to another and also between software options from a single manufacturer. 

lkyond their use in gait analysis, they are increasingly used to provide the input for 

computer graphic systems, in the video game and motion picture industries [1 OJ. 
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3.2.2.4 Active marker systems 

Another type of kinematic system uses active markers, typically light-emitting diodes 

(LED's) [81, and a special optoelectronic camera. Typically, these systems use 

invisible infra-red radiation. The camera measures the position of the marker by 

analyzing the light coming from it using either two dimensional or one-dimensional 

cameras. 

The I .EDs arc arranged to flash on and off in sequence. so that only one is illuminated 

at any instant of time. The cameras are thus able to locate -each marker in turn, without 

the need for a "tracking' procedure to determine which one is which. The penalty for 

this convenience is the need for the subject to carry a power supply, with wires 

running to each of the marker. Problems may also occur because the the camera 

records not just the light from the LEOs, but any other light which falls on it [11]. 

3.3 Marker-less, Multi-view Motion Capture 

Marker-less motion capture systems computes motion parameters from extracted 

silhouettes or other features (eg edges) [9]. [12]. 

In this method human motion is captured as video data from multiple cameras 

subjects· kinematics is extracted in three dimensions using specific algorithms [2]. 

Various technical papers are published about this subject, researchers developing 

different kinds of algorithms. 

Availability of Apparatus 

Cost of the Apparatus 

Accuracy 

Video cameras, camcoders or webcams are widely 

available 

Cost of above cameras is on the average side, Cost of 

software is high 

High accuracy can be expected from multi-view 

marker-less motion capture depending on the accuracy 

algorithms used 

Non-invasiveness No hindrance for the subject's walking 

Table 3 . .J: Selection criteria applied to Marker-less, Multi-view Motion Capture 
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3.4 Kinematic Motion Capture System Combined with Force Information 

This method uses kinematic motion capture system combined with a force platform. 

I urcc platform is a specially made steel plate where force exerted on it is detected by 

transducers at its corners and is converted to electrical signals that is amplified and 

recorded [ 11]. The capability of the combined system is greater than that of the sum 

of its component parts [2l The reason for this is that if the relation ship is known 

between the limb segments and the ground reaction force vec1or, it is possible to 

pcrCorm "inverse dynamic' calculations. in which limb is treated as a mechanical 

system. Set up ofthis type of motion capture is shown in Fig 3.3. 
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Ftg 3. 3: S'ix camera kinematic system (Source: Gait Analysis an Introduction hy i\1ichael W. 

Availability of Apparatus 

Cost of the Apparatus 

Accuracy 

~on-invasiveness 

Whittle) 

Video cameras, camcoders or webcams are widely 

available, force platforms are not available 

Cost of above cameras is on the average side, cost of 

other equipment is very high 

High accuracy can be expected from multi-view 3D 

kinematic system with combined force information 

No hindrance for the subject's walking 

Fahle 3.5: Selection criteria applied to kinematic motion capture .\y.'>·tems combined 

withforce information 
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3.5 Selection of Motion Capture Method 

As explained above the selection of the appropriate method for motion capture was 

done based on four criteria. When compared with those, the appropriate selected 

method was the 3D kinematic (multi-view, marker based) system. The number of 

\iew points to be used is subjective to the nature of the motion to be captured. 

In this system another selection was to be made with respect to the apparatus used for 

motion capture. 

First the selected motion capture apparatus was video camera. This method was 

de\'cloped for motion capture of human gait cycle but the results were not 

satisfactory. Details of this failed technique are illustrated in Chapter 7 under 

.. Practical problems faced during the implementation". 

Motion capture apparatus selected secondly was webcams. As the objective of the 

research is to capture only of the sagittal plane movements of the leg, the number of 

webcams was limited to two. 

The reasons for selecting vision based system consisting of two webcams are given 

bclovv. 

1) Webcams are commonly available 

:?.) Cost of the apparatus is not excessively high 

3) As the research is not aimed at very high accuracy and does not require 

sophisticated instrumentation for this purpose. 

4) Camera calibration is straight forward 

5) Camera calibration software is freely available 
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