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Introduction 
 
 Stroke is the leading cause of debilitation in the United States. Every forty-five 
seconds, someone suffers a stroke, resulting in seven hundred thousand strokes per year. 
Of these, fifteen to thirty percent of all stroke victims, or approximately one hundred and 
twenty thousand people, are left with permanent disabilities. These include cases such as 
speech impediments, total paralysis, partial paralysis, and hemiparesis, or the weakening 
of one side of the body. 
 Stroke is not the only cause of neuromuscular disorders. Other diseases are also 
prevalent such as Amyotrophic Lateral Sclerosis (ALS or commonly referred to as Lou 
Gehrig’s Disease), where the progressive degeneration of motor neurons leads to loss of 
muscle control and movement. Muscular dystrophy, which includes nine separate 
diseases, is also fairly common, averaging approximately one person per day diagnosed 
in the United States. Charcot-Marie-Tooth (CMT) disease is yet another neuromuscular 
disease, which results in muscle weakness, degeneration and loss of sensation in the feet, 
lower legs, hands, and forearms.  

The culmination of these conditions leads to decreased motor control and 
muscular abilities in thousands of people. It is estimated that fifty thousand people per 
year exhibit some form of these disabilities, specifically hand disabilities such as 
decreased motor control and muscle strength. For these patients, simple, everyday tasks 
that were once overlooked now become difficult and cumbersome. Imagine lacking the 
hand strength to hold a pencil, open a jar, or even grip a broom.  
 It is for these reasons that the Human Integrated Gripping Device is being 
developed. The aforementioned patients need the benefit of a device which allows them 
to utilize their own hand while experiencing the advantages of assisted gripping. Products 
currently on the market do not directly confront the issue that many patients are faced 
with. For example, there are a number of total artificial robotic hands being developed 
and ones that are already currently on the market. While these total robotic hands closely 
mimic the functions of a human hand, they are only useful in situations where patients 
lack a hand already. The appropriate market for these devices is for those who have 
undergone amputation or have lost a hand during their lifetime, or for those without a 
hand since birth. As can be seen in Figure 1a, total robotic hands are very complex and 
prove to be very expensive, while at the same time, do not benefit the clientele previously 
described.  

Although the total robotic hand is very expensive, cheaper alternatives are on the 
market. The Power Glove, priced at approximately twenty dollars, is a device which 
claims to assist those with a weakened grip in holding a golf club. The Power Glove 
functions by providing the user with a strapped glove to which the golf club is attached, 
as can be seen in Figure 1b below. This provides additional support to the user, but still 
requires enough strength to conform the hand to the golf club shaft. Thus, patients who 
do not possess the motor control or muscle strength to contract their fingers would not 
benefit from this device. The Power Glove also has limited applications, and is therefore 
not a solution for many people.  

Additional products whose purposes are to aid in gripping include the 10-DOF 
Robotic Hand (Patent No. 6,505,870), seen in Figure 1c. This underactuated hand 
functions using pneumatic pumps and a three prong grasping approach. Although it 
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achieves the task of gripping, it is bulky, expensive, limited in its gripping abilities, and 
most importantly, requires the user to grasp the device in order to use it. Thus, the 
purpose of assisting those who cannot grasp objects effectively in the first place, is 
defeated.  

 
 

a)         c) 
                              
 
 

 
 
 
 
 
 

 

b) 
 
 
 
  
           

  
 
 

 
Figure 1. Current Market Devices: a) The tendon driven robot hand, partly built from 

elastic, flexible and deformable materials by the Artificial Intelligence Laboratory 
of the Department of Information Technology at the University of Zürich b) The 
Power GloveTM aids the user in gripping a golf club, but has limited applications c) 
The10-DOF Robotic Hand (Patent No. 6,505,870) proves to be bulky and requires 
the user to grip the device, defeated the purpose of assisted gripping.  

 
As can be seen, there is a large market for devices that integrate the user’s own 

hand while assisting in the opening and closing of fingers, with the ultimate goal of 
gripping objects. This device must be lightweight to accommodate weakened muscles 
and must also be user friendly, taking into account diminished motor control and 
movement. The device must slide easily on and off and in the process provide sustained 
comfort for the customer.  

Prior attempts have been made to produce a device which conforms to these 
requirements. In 2002, a senior design team from the University of Connecticut designed 
a device entitled the E-Grip. This device utilized stepper motors to extend or retract 
threads woven into a glove. The degree of grip strength was controlled by four voice 
commands, which were user specific. This project never achieved a working state and 
therefore the Human Integrated Gripping Device is being designed to fulfill the required 
needs. This new design works through the combination of three basic mechanisms. The 
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first system is comprised of all electrical components, which feed a signal to the actuator 
system. This actuator system provides the necessary force to move the linkage system, 
which is the basis for the gripping motion. This integrated system works in close 
conjunction with the human hand, providing the user with maximum benefits.  

The proceeding sections will outline the goals of the Human Integrated Gripping 
Device and provide a comprehensive explanation of its design. Also included is the 
project’s developmental timeline and budget, which is comprised of deadlines, 
milestones, and project expenses. Advantages of this new design will be explored, 
providing a complete analysis of the overall project.  

Goals 
 
 Due to the limitations of the current market of gripping devices and the needs of 
our customers, our team has devised a multitude of standards in the development of our 
product.  One of our main goals is to create a device that is light weight.  The weight of 
the instrument is incredibly important, as the device will be worn by the user on a daily 
basis, hence it is vital to minimize restrictions and maximize comfort by reducing weight.  
The need for a highly integrated system is also present.  The nature of the device is to 
assist gripping of an anatomical hand; therefore the apparatus must conform to the user’s 
hand in an efficient and fluid manner to achieve the task.    
 Furthermore, a user friendly interface must be provided.  This will allow for 
simple and easy manipulations of the controls and allow the user maximum freedom.  
Finally, it is required that the device remain cost effective.  Customers need an affordable 
option that offers the greatest amount of applications.  This will create a device that not 
only satisfies the market but is also practical, useful, and lucrative.  All these goals ensure 
a design that is simple, successful and beneficial, yet still remains cost effective. 

Design 
 
 The major concept behind the design is based on mechanics, in which a small 
movement with a large force at one end of a pivot point results in a larger movement at a 
farther distance away with a smaller force. The Human Integrated Gripping Device 
utilizes this model by comprising three distinct component systems, the electronic 
configuration system, the actuator pumping system, and the linkage system.  The linkage 
system stabilizes finger movement, gripping, and structure, while the actuating pumps 
provide the necessary force to move the links.  These are both dependant on the 
electronic configuration, which supports the power supply, sensory control and user 
interface.  By accumulating these three components into an integrated tool, a fully 
functional robotic hand is formed (See Figure 2). 

The main controls for the Human Integrated Gripping device lie within the 
electrical configuration system.  This system incorporates a series of different 
subcomponents such as a circuit board, dial control, pressure sensors, infrared detector, 
LED, electrical hardware, and wiring.  Also, an internal battery supply provides all the 
necessary power to operate the device for an estimated 3 months of daily use.   The 
premise of the electrical configuration system is to utilize this battery supply to provide a 
controlled amount of energy to the actuators, while maintaining feedback regulation from 
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the pressure sensors and infrared detector.  The dial constitutes as the user interface with 
the capability of allowing varied degrees of gripping force.  With the varying level of 
degrees, the electrical signal generated is altered and in turn varies the power supply to 
the actuators.  The signal is also manipulated by the infra red detector which detects 
objects within the palm of the user, stimulating the electrical signal to enter the actuator 
pumping system and in turn initiate gripping.  Also, the pressure sensors act as a safe 
guard by detecting the level of pressure exerted on the user and regulating the signal to 
reduce grip if necessary.        

As the electrical signal comes out from the electrical configuration it enters into 
the actuator pump system.  The actuator pump system employs a set of two linear 
actuators whose tie rods are connected to the base of the four-finger linkage and thumb 
linkage systems respectively.  The electrical signal causes a time step response of the 
linear actuators which will then cause the rods to extend outwards.  As the rods extend 
outwards on the base of the linkage system, they are forcing the other end of the linkage 
downwards.  This continues until the set degree of force needed is obtained in the 
gripping device.  Gripping is then released once the dial is set back to zero and the tie 
rods return to resting position within the linear actuators.  One important note, the 
thumb’s linear actuator must begin to move at a set time interval after the four finger 
linkage.  This will allow the fingers to enclose on the object and result in the thumb 
overlapping the fingers, as seen in an anatomical grip motion.   

The linkage system consists of five titanium structured digits that are strapped to 
the anterior side of the user’s hand.  Each finger consists of identical subcomponents of 
varying lengths.  The plates proximal to the wrist make up the base, which is then 
connected to the mechanical tips of the digits by a parallel set of two links.  The four 
fingers are all connected by a titanium rod that runs perpendicular to the bases.  The 
thumb works off a separate system than the four fingers but has an identical structure.  
Now, as the linear actuator’s rod pushes up, it exerts force on the lower end of the base 
prior to the connecting titanium rod.  This upward force causes all four mechanical 
fingers to go downwards on the opposite end of the titanium connector.  With increasing 
force by the linear actuator, the linkage system tightens on the users hand and ultimately 
the object.  The links allow this to occur due to the conforming structure taking place.  
The force exerted by the user’s fingers on the linkage system causes the linkage to bend 
upwards.  The springs, which run from the lower link to the upper link, limit the 
possibility of extension and keep the linkage system conformed to the fingers. The thumb 
linkage works off the same principle but with a separate linear actuator that only starts 
forcing the downward motion for gripping after the four fingers have already taken hold.  
The entire system will then release once the dial is turned to the off position and the rods 
release resulting in mobility of the mechanical fingers.  This will occur in a backwards 
motion, as the thumb linkage removes itself first and then the four-finger linkage.   

These systems comprise all the functional apparatuses of the Human Integrated 
Gripping Device but there are also other structural and aesthetic sections.  For one, there 
is the introduction of a gel coated surface between the mechanical grip and the user’s 
hand.  This lining is placed on each individual digit linkage for increased comfort.  The 
design also consists of a rubber coated casing that surrounds all exposed sections of the 
Human Integrated Gripping Device.  Finally, structure support beams of titanium run 
parallel to the actuators as well as at the bracing mounts for stabilization.   
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Budget 
 

For this project, the team’s total expendable budget is $750. In an effort to 
produce a device which is competitive on the consumer market, our team has tried it’s 
very best to keep costs at a minimum. In order to accomplish this, we have carefully 
shopped around to select the most inexpensive parts to construct our device. However, 
we did make sure that our parts were not only inexpensive but of good quality as well. 
We have an estimated prototype development cost of $600 dollars which includes the 
major components such as actuator pumps, titanium for metal framework, electronic 
components, nuts, bolts, springs, and other elements to increase user comfort such as gel 
cushioning and rubber coating. An item for miscellaneous expenses was also included in 
the budget which encompasses the cost of troubleshooting the device and the replacement 
of any parts that may need replacing due to damage. Our retail price for this product has a 
preliminary estimation of approximately $150 which takes into consideration that price of 
most of the components will be reduced when buying in bulk. Table 1 provides a 
complete report of the allocation of funds to budget items.  

Timeline 
 

An important aspect to the successful completion of any project is proper project 
management. Time management, goal setting, task assignment, and deadlines are all vital 
portions of efficient project management. The foremost cause of project failure is poor 
project management. Without goal setting and deadlines projects usually fall behind 
schedule and groups find that their work is either unfinished by the delivery date or find 
themselves rushing to do the majority of the work at the last minute. This leads to poor 
results and lack of time for proper testing and data collection. A major part of our team’s 
approach to the issue of successful time management was the use of goal setting through 
the use of setting a timeline for the completion of each stage of the project by using 
Microsoft Project®. Table 2 includes all major milestones and the estimated time allotted 
to each stage by the group. One of the key considerations for this project is the timeline 
for major accomplishments in the design and development process. Expected estimated 
ranges were assigned to different project milestones. These include research and 
development which consists of the estimated time for the team to gather and review 
information on current products, choose three different designs, and make a final decision 
on an optimal/final design. This also includes analytic calculations involved in the design 
process.  Other major milestones are the time taken to develop the various stages of the 
device such as setting up the actuated pumping system, putting together the electronics, 
developing the user interface and ergonomics, testing of the prototype and delivery of the 
final product. The estimated time for the entire project from the research and 
development stage to the delivery of the final product is approximately seven months. 
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Conclusion 
 
 Today, with the number of people in the US who constantly struggle with 
illnesses related to stroke and other debilitating diseases such as Lou Gehrig’s disease, 
Charcot-Marie-Tooth disease which cause muscular dystrophy, there is a growing need 
for devices which will facilitate movement in areas where strength has been limited as a 
result of these illnesses. These people are in need of a way to regain their independence 
with minimal limitations.  

Our product focuses specifically on those persons who have lost significant 
strength in the hand. The device is design to efficiently facilitate grasping in the human 
hand while providing maximum comfort, light weight, simplicity, and low cost. Our 
product will provide this by not only out performing the competition with its multiple 
usage and human integrated capabilities but it is simple, easy to use, and inexpensive. 
The three main advantages which will set our device apart from the current market 
devices are: 

 
1. Mechanically - Unlike bulky hand grippers before, our choice of titanium metal 

for the structure will provide a low weight design with high functionality and 
stability yet, mechanically sound, simple, and extremely effective. 

 
2. Ergonomically - Controls and apparatus are human integrated unlike counterparts. 

The device will slide onto the human hand to provide high degree of control and 
effectiveness. The human integrated gripping device provides comfort with gel 
cushioning and the user will not feel confined such as when wearing a glove or 
other device which fully encloses the hand. 

 
3. Economics - Provides the most functionality with minimal amount of cost. 

Products currently found on the market that are quite inexpensive offer very little 
applications and provide poor assistance in gripping. Other advanced devices are 
found to be too bulky and expensive. 

 
With its ease of use, multiple applications, low cost, high functionality, superb 

comfort, and light weight, the human integrated gripping device will be one of the top 
assisted gripping devices on the US market to date. 
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Table 1. Table Showing Allocation of Funds to Various Major Components of the 
Device.  
 

Component Price 

Actuators (2) $200 

Titanium $50 

Electronics $120 

Aesthetics $80 

Miscellaneous $80 

Prototype Development $70 

Total $600 

Retail Price $150 

 
 
 
 
 
 
 



 9 

Table 2. Project Timeline 
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Figure 2. Basic Schematic of Human Integrated Gripping Device – Shown are the three 

major components: the electrical configuration system (1), the actuator pumping 
system (2), and the linkage system (3). 
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