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INTRODUCTION 

In 2007, the University of New Brunswick’s (UNB) 

Institute of Biomedical Engineering (IBME) received 

funding from the Canadian government’s Atlantic 

Innovation Fund program to develop a commercially viable 

and technologically advanced prosthetic hand system.  The 

5-year project includes several collaborators namely, the 

Rehabilitation Institute of Chicago’s (RIC) 

BioMechatronics Development Laboratory, the Université 

de Moncton’s (UdeM) Thin Films and Photonics Research 

Group, UNB’s Applied Nanotechnology Laboratory (ANL), 

and Liberating Technologies Inc. 

The design of this new system, termed the UNB Hand 

System, aims at producing a compact, life-like and 

affordable hand with a novel cosmetic glove and sensors. 

The system utilizes a pattern recognition control system 

based on IBME’s previous and ongoing research in the 

myoelectric control field.  This paper provides a general 

overview of the major components and characteristics of the 

system.  

DESIGN CONSIDERATIONS 

Several design factors were outlined at the onset of this 

project that has helped guide the design and development 

efforts.  

Overall Cost / Affordability 

A new prosthetic system will provide benefit to 

amputees only if it improves the functionality of the 

prosthetic limb and that it remains affordable.  The cost of 

the system should not be barrier to the acquisition of the 

system for a user. 

Degrees of Freedom (DOF) 

A more dextrous hand requires at least two DOF in 

order to produce various grasps.  It was also recognized that 

increasing the number of DOF within the design would have 

drawbacks both in terms of weight and fabrication costs.  

There was therefore a strong motivation to limit how many 

DOF would be incorporated within the design.  

Controllability 

Most prosthetic limb users have a limited number of 

input sources available to control their prosthesis.  Although 

surgical techniques, such as targeted muscle reinnervation 

[1], can increase the number of available input sources, this 

procedure will not be available, suitable, or even desirable 

for many amputees. Pattern recognition control strategies 

can help maximize the use of available inputs [2] but there 

are limitations on how much controllability improvement 

users can gain from such control schemes.  In light of this, it 

was emphasized that the mechanical design of the UNB 

Hand should only incorporate as many grasps/movements as 

deemed realistically controllable by most amputees.  This 

criterion also reinforced the argument of limiting the 

number of DOF used within the mechanical design of the 

hand.  

Modular / Flexible Design 

Given that every user has unique requirements (fitting, 

control, etc), the system must be modular to be easily 

adaptable to meet the needs of the user.  This modular 

approach is necessary for both the electro-mechanical 

components and the control options. 

SYSTEM OVERVIEW 

The system design can be classified as either pertaining 

to the hand mechanism, cosmetic glove/sensor 

enhancements, electronic hardware, or control system. 

Mechanical Hand Design 

The major design considerations included the type and 

layout of the drivetrain, the number of DOF and the hand’s 

form factor.  

Drivetrain Configuration 

The hand uses three DC motors, with independent 

actuation of the index finger, linked actuation of middle, 

ring and little fingers, and a third motor driving the thumb. 

The BioMechatronics Development Laboratory at RIC 

designed a custom gearhead able to provide the necessary 

force, but basing the design on an off-the-shelf solution to 

reduce costs.  
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The flexibility of a prosthetic hand is the result of a 

trade off between the complexity of a large number of 

independent motions and simplicity and fewer independent 

motions.  One compromise is to compliantly couple separate 

degrees of freedom. Within this hand, the compromise is 

towards reduced costs.  So the metacarpophalangeal (MCP) 

and proximal interphalangeal joints are linked, and all distal 

interphalangeal joints are fused.  There is also no 

abduction/adduction for the MCP.  

The drivetrain for the little, ring and middle finger, used 

a single actuator where the forces are balanced through two 

differentials. This provides a conformal grip.  The pivots of 

the differentials were offset, creating an anthropomorphic 

shape of the hand by positioning the little finger proximal to 

the middle and ring.  

Multi-Degree of Freedom Thumb 

For the power and precision based grip forms the thumb 

is stationary. But unlike current commercial multi-degree of 

freedom devices the UNB Hand can move the thumb to 

form a lateral grip without any mechanical assistance from 

the user. This is accomplished by using a novel mechanism 

that link this rotation and flexion of the thumb to a single 

actuator using a cam (Figure 1). 

 

Figure 1: Thumb Mechanism 

This cam profile, guides the proximal axis of the 

thumb, which controls the distal section of the thumb to be 

positioned in the correct location for each grasp. As the 

thumb follows the cam it moves from power grip to 

tripod/precision, to cylindrical/spherical grips, ending 

opposing the side of the index finger in lateral.  

Shape and Component Uniformity 

Currently users have to compromise between shape and 

functionality with passive hands having the most accurate 

anthropomorphic shape. With the current design of the UNB 

Hand, the aim was to create a functional 7.5 hand within the 

envelope of its passive counterpart. This was achieved by 

3D scanning a passive glove and creating the design from 

the outside in (Figure 2).  

Due to the limited size of the market, the production of 

this hand would always be in small batches.  It is therefore 

critical to increase the manufactured quantities within each 

run, to reduce number of components, and to standardise as 

many parts as possible.  This design achieves this in a 

number of ways. There is a single size finger (non-handed) 

with the offset at the MCP, creating the correct 

anthropomorphic appearance. The entire thumb mechanism, 

along with all gear trains and drives are design such that a 

single part can be fitted in both left and right hands. 

 

 

Figure 2: UNB Hand Prototype Comparison with a Passive 

Cosmetic Glove 

Enhancement of Cosmetic Glove Material and Sensors 

In addition to addressing the mechanical, electrical, and 

control aspects of a prosthetic limb system, the project’s 

research and development efforts have included the 

possibility of improving other features of the design.  

Specifically, the material properties of prosthetic glove 

materials and the overall system performance through the 

inclusion of sensors strategically placed within the 

mechanical design were highlighted as potential areas of 

improvement. 

 Thin Polymer Optical Fibre-based sensors 

The Thin Films and Photonics Research Group at 

UdeM have been investigating thin polymer optical fibres 

and their potential ability to measure fingertip pressure, 

lateral slip (slipping through fingers), and distal slip 

(slipping away from fingers).  The polymer optical fibres 

were shown to be capable of achieving slip detection within 

a lab setting. Work has been ongoing to develop and 

incorporate prototype versions of these sensors within the 

UNB Hand system. 

Prosthetic Glove Material 

Improving the properties of prosthetic glove material 

has also been highlighted as an important aspect of this 
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project.  Creating materials capable of exhibiting improved 

stretch and tear-resistance would not only provide a basis 

for longer lasting gloves but also improve the performance 

of the hand and the power efficiency of the system.  

Towards that goal, UNB’s ANL team has focused their 

efforts on the development of nanocomposite-based 

materials and subsequent evaluation of the nanofillers’ 

effects on the material properties.  Results have shown 

samples that possess high tear strength and hardness while 

maintaining high elongation when compared to currently 

available prosthetic glove materials. 

Electronic System Design 

The electronic system of the UNB Hand consists of 

several major components including smart EMG 

electrode/amplifiers, an advanced myoelectric control unit 

(AMCU), and a hand controller [3].  All of these 

components are interconnected via a controller area network 

(CAN) bus utilizing the prosthetic device communication 

protocol (PDCP) for information exchange [4].  Each of the 

major electronic components has unique features while 

focusing on low power consumption to extend the battery 

life of the prosthesis.   

The smart EMG electrode/amplifier maintains a form 

factor and power consumption comparable to other 

commercially available electrodes, as shown in Figure 3, 

while incorporating a microprocessor and a CAN bus 

interconnect that can be daisy-chained [5].  The smart 

electrode also incorporates electrode impedance monitoring 

capabilities enabling the system to report poor electrode 

contact or electrode lift-off.  This feature may be used to 

improve overall robustness of the control system. 

 
Figure 3: Smart electrode/amplifier and Otto Bock Electrode 

 

The AMCU implements pattern recognition and 

conventional control systems to generate hand grasp 

decisions which are passed to the hand controller.  The 

AMCU manages the PDCP communication occurring 

between the various CAN bus connected nodes on the 

network.  The AMCU is also the communication link 

between the electronic system in the prosthesis and the host 

computer responsible for configuring the control system.  

This communication link to the host computer also enables 

the EMG signals to be monitored in real-time while the 

prosthesis is being operated.  Finally, the AMCU also 

incorporates data logging capabilities that will enable 

logging of system parameters, errors, and failures as well as 

prosthesis usage information. 

The hand controller incorporates the local control 

system for the hand via the motor controllers and the 

various sensors in the hand.  The hand controller allows the 

hand to achieve various grasps patterns by monitoring the 

position of each of the fingers and the thumb and driving 

each of the motors to the appropriate positions.  The hand 

controller also has the ability to monitor information from 

force and slip sensors, allowing for grip force control and 

slip detection and prevention. 

Control Paradigm 

EMG signal patterns are decoded by the AMCU using 

well-established pattern recognition techniques developed at 

UNB.  Time-domain features [6] are extracted to maximize 

information density and classification rate.  A linear 

discriminant classifier is used to perform real-time 

classification [7].  This clinically validated [8] classification 

scheme is further enhanced using several pre- and post-

processing techniques found to improve control robustness.  

The final classification results can be used in combination 

with additional inputs, such as mechanical switches, 

joysticks, force sensitive resistors and raw EMG signals to 

support a variety of control schemes.  The AMCU also 

supports common single and dual-site conventional control 

schemes. 

Configuration of AMCU control and engineering 

parameters is performed through communication with a 

modified version of UNBs Acquisition and Control 

Environment (ACE) software package.  In addition to 

hardware configuration, ACE provides data collection and 

logging capabilities, user training tools, classifier 

configuration and virtual testing environments.  

 
Figure 4: The UNB Hand 
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CONCLUSION 

The UNB Hand System design and development efforts 

have focused on producing a system that has improved 

functionality and features over currently available system 

while striving to remain at an affordable cost.  These factors 

have and will continue to help guide the project through the 

remaining prototype, testing, and clinical stages. 
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