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LIST OF ABBREVIATIONS 
 

 Mocap  Motion Capture 

DOF  Degree Of Freedom 

 ROM  Range Of Motion 

 DIP  Distal Interphalangeal  

 PIP   Proximal Interphalangeal  

 MCP  Metacarpophalangeal 

TM  Trapeziometacarpal 

HM  Humate-Metacarpal 

CMC  Carpometacarpal 

IP  Interphalangeal 

FE  Flexion/Extension motion 

AA  Abduction/Adduction motion 

 SD  Standard Deviation 

 ICC  Intraclass Correlation Coefficient 

 OLE  Optical Linear Encoder 

 SCLK  Serial Clock 

 MOSI  Master Output, Slave Input 

 MISO  Master Input, Slave Output 

 CS  Chip Select 

 

 
  













Chapter 1. Introduction 
                           

 - 12 -  

other one is tool-based protocol for accurate calibration with more time, a 

calibration tool will be designed to assist the accurate calibration).    

 

(5) Experimental tests and analysis. 

A set of experimental tests will be carried out based on the standard protocols to 

characterize the encoder and evaluate the performance of and the whole hand 

motion capture system. The results will be analyzed with comparison to those from 

other hand motion capture devices using the same test protocols.  

 

1.3. Scope 
 

The scope the research project will cover the following: 

- Analyses of the human hand bio-mechatronics. 

- Development of a new linear encoder using novel multi-point sensing method to 

detect the motions of finger joints. 

- Modeling of the sensors on each finger and thumb on the human hand. 

- System development, including hardware, software and application design. 

- Calibration methods design. 

- Experimental verification and validation of the characteristics of the encoders, as 

well as the performance of the SmartGlove. 

 

1.4. Report Organization 
 

This thesis presents the setup of the full hand kinematic model, the flow of the 

development of a multi-finger sensing device (both hardware and software), and also 

some experimental tests and results. 

 

Chapter 2 is the literature review of existing hand motion capture devices and their 

applications. Because of the different requirements between the body motion capture 

and the hand motion capture, the sensing technologies are also different. In the literature 

review, three major sensing technologies for hand motion capture are introduced and 

illustrated with several commercialized hand motion capture devices. Also, some other 

experimental prototypes with different novel sensing technologies are also presented. In 









http://upload.wikimedia.org/wikipedia/commons/7/79/Power_Glove_2.jpg
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2.1.2. Strain Gauge Sensing Technology 
 

Strain gauge is also known as resistive bend sensor. Because of its light weight and 

low cost, strain gauge becomes another choice for hand motion capture. Bend sensors 

are thin flexible foils that changes resistance when bent. The change of the bend angle 

is generally associated with the change of measured resistance of the strain gauge. 

Resistive bend sensor is popular for measuring small changes in shape which makes it 

suitable for accurate measurement of finger posture. However, it is easily to have a 

time-varying creep behavior when held in a fixed bend position which could reduce 

the accuracy of measurement. Also, it is very sensitive to the change of temperature.  

 

 
Figure 2-6 Measurand ShapeHand [7] 
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2.1.4. Other Sensing Technologies 
 

Beside the glove products above, there are also several research glove prototypes 

which are reported with no detailed experimental results.  

 

Pressure sensing electronics are used to track finger flexion by measuring the pressure 

changes in airtight PVC tubes that are mounted along the fingers (as in Figure 2-10) 

[11]. Similar trial has been done by using the air tube and pressure sensor which are 

tiny, light, and easy to attach to glove [12], however, the resolution and accuracy is 

not satisfactory. 

 
 

Another example adopts six dual-axis accelerometers to report their positions with 

respect to the gravitational vector [13]. As shown in Figure 2-11, accelerometers are 

placed on the back of the middle phalanges of the four fingers, on the back of the 

distal phalange of the thumb, and on the back of the palm. The aim of this research is 

to use the AcceleGlove as a virtual ASL keyboard because the performance, both 

accuracy and response, is not good enough for hand motion tracking. However, 

adopting accelerometers is a good idea for 3D-space hand position and gesture 

tracking. 

 
Figure 2-10 Air Tube Glove [11] 
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The Textile Integrated Sensing Glove is realized by directly printing Electrically 

Conductive Elastomer (CE) material on a Lycra/cotton fabric glove (Figure 2-12) [14]. 

The CE composites showed piezoresistive properties when a deformation is applied. 

This material represented the possibility of integration in textiles which could 

minimize the size of the glove, although disadvantages include extreme sensitivity to 

small changes in temperature, and a moderately slow response time. 

  

Variable resistors sensors are also used to design and implement the DHM Glove [15]. 

Different from Strain Gauge Sensing, the DHM Glove had a mechanical exoskeleton 

structure which made it robust, but not easy to wear and remove (Figure 2-13). 

 
Figure 2-12 Textile Integrated Sensing Glove [14] 

 
Figure 2-11 AcceleGlove [13] 
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2.2.2. Interpreting Sign Language 
 

Another interesting application of glove-based devices is the interpretation of sigh 

languages for human communication, as well as computer input and control. Many 

researchers have investigated different way of recognizing hand signs from simple 

finger spelling to analysis of the sign language. The basic concept of hand sign 

language is to analyze the hand-space-DOF vector for each posture or gesture and to 

match it with a landmark hand-space vector representing the target posture or gesture 

within error tolerances weighted by the significance of each degree of freedom. [17] 

One example called StrainGlove is shown in Figure 2-15. [18] 

 

 
 

 

 
Figure 2-15 Interpreting Sign Language Using StrainGlove [18] 

 
Figure 2-14 VirtualHand for V5 (CATIA) [8] 
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2.2.3. Tele-operation and Control 
 

Glove-based devices used in tele-operation and robotic control are important for 

dexterous control of the remote end device. Researchers constructed algebraic 

transformation matrices to map the human hand poses to the robot hand poses. The 

kinematic differences between the human hand (as measured by the data glove) and 

the robot hand are compensated by the transformation matrices. The user can control 

the robot hand by mimicking the desired poses. Figure 2-16 is an example of using 

CyberGlove II as a master device to manipulate the slave robotic hand [19].  

 
 

2.2.4. Rehabilitation and Training 
 

Virtual Reality technology showed its potential benefit as a therapeutic tool for 

rehabilitation in the past few decades. This technology provides the capability to 

create a virtual environment where the rehabilitation and training can be 

systematically monitored, manipulated and enhanced in order to create the most 

appropriate, individualized motor learning paradigm. Similar to the computer games, 

VR rehabilitation exercises can be designed to be intuitive and engaging which are 

important to the patient motivation. The systems can also be used to monitor, record 

and fully quantify the progress made by the patient, especially in terms of motor 

learning improvement. [16] The Poared Hand Exoskeleton, as shown in Figure 2-17, 

is a practical device for hand rehabilitation purpose [20]. The actuation is performed 

 
Figure 2-16 Robotic Hand Manipulation Using CyberGlove II [19] 
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by motors which transmit forces to the joints through cables. A real-time 

microcontroller calculates the appropriate control signals for the motor controllers 

based on the measured forces and joint angles. An interface computer allows the 

therapist to monitor the progress, change the control modes, define new exercises, and 

supervise the rehabilitation. 

 
 

2.2.5. Computer Animation 
 

Two techniques are mostly used in computer animation. One is the key-frame 

technique which is similar to the conventional hand animation. The animation is 

produced by generating the frames between keys positions and postures and usually 

looks very unnatural. The other one Programmed animation yields motion that is 

occasionally life-like, but often too regular to be a product of life itself. To inject life 

into computer animation, and as a way to overcome the trade-off between animation 

time and motion quality, production companies have turned to body motion capture 

for computer animation of characters. Putting a performer in direct interactive control 

of a character, as in puppetry, or capturing body motion for later processing, translates 

the nuances of natural motion to computer characters, making them seem very much 

alive. [21] One interesting application that edits captured hand motion data by using 

the data glove is illustrated as follows: The animator first wears a glove and mimics 

the human body motion using his hand. Then, a mapping function that converts the 

 
Figure 2-17 The Poared Hand Exoskeleton for Hand Rehabilitation [20] 
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motion of the hand to that of the whole body will be generated (Figure 2-18). Finally, 

by moving the hand in a slightly different way, a new motion with different taste will 

be generated [22]. 

 
 

 
Figure 2-18 Motion Editing with P5 Glove [22] 
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2.3. Discussion 
 

From the literature review of various glove-based hand motion capture devices with 

different sensing technologies, it is obvious that the existing glove systems do have 

shortcomings. First, most glove systems are very expensive. From the survey of the 

commercialized products it can be found that the prices of such devices all cost over 

$1,000, which enormously limits the usage and its application. Second, custom sizing 

of different users is required to reduce tracking errors because measurement errors are 

decreased when gloves fit snugly according to [23]. Additionally, actions such as wrist 

movement in full fabric gloves may cause the glove to move over the skin. The friction 

between the glove and the skin may prevent the material from returning to the original 

position exactly, leaving the sensors located at different positions over the joints and 

causing measurement drift. Third, the environment proposed for the glove system to use 

is also very restrictive. Due to the disadvantage of the sensor, some glove systems 

cannot produce accurate result under certain circumstances. For example, 

electromagnetic interference can affect the Hall-Effect sensor; results from strain gauge 

sensing vary with the change of temperature. Lastly, in most glove systems, sensing 

units and wires are integrated in the glove and that they are always delicate. 

Consequently, it is difficult or even impossible to replace the sensor for maintenance.  

 


























































































































































































