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Abstract

Prosthetic is an artificial tool that replaces part of the human frame
absent because of ailment, damage, or distortion. The current activities in
Iraq draw interest to the upper limb discipline because of the growth in
variety of amputees and. It is necessary to do extensive researches in this
subject to help lessen the struggling of patients. This paper describes the
design and development of low-cost prosthesis for people with transradial
amputations. The presented design involves a hand with five fingers
moving by means of a gear box mechanism. The design of this artificial
hand allows five degrees of freedom(5SDOF), one degree of freedom for
each finger. The artificial hand works by an actuation system (6V) Polou
motor with gear ratio equal to 50:1 due to its compactness and cheapness.
The designed hand was manufactured by a 3D printing process using
polylacticacid material (PLA). Some experimental were accomplished using
the designed hand for gripping objects. Initially the EMG signal was
recorded when the muscle contracted in one second, two seconds, three
seconds. The synthetic hand was able to produce range of gesture and
grasping moves separately just like the actual hand by using KNN
classification which are complete hand Pinch, fist, and jack chuck. The
simulation of the fingers movements was achieved using ANSYS software
to analysis the movement (pinch, fist, and jack chuck), obtain bested of
stress influencer at each finger, and maximum deformation at each
movement.
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1. Introduction

The personal hand is an integration of complicated
systems of tendons, stress, muscles, and frame. Behind
a hand border, the capability of people to investigate
and react to their ambiance. An unfortunate feature of
a compact manual ability is the difficulty of controlling
and detecting objects. Physical variations among
others will result in psychological problems [1].
Estimates for persons living with us are created. More
than 900,000 persons are having a slight limb loss, and
664,000 persons are having a major appendage
misfortune.  "Minot"  appendage  misfortune
incorporates taking away of digits (toes or fingers) or
the hand, and is the most common. "Majot" limb loss
includes amputation under the elbow (transradial),
below the knee, higher than the elbow (transhumeral),
and higher than the knee, or the foot [2].
Telemanipulation is used as an end effector for a
robotic arm, which is controlled by some types of
joystick and executes tasks that are inaccessible and
dangerous for humans [3]. Thirty five percent of
excised appendages are removed of arm or portion of
arm. The arrangement and improvement of any
prosthesis depends on both of the many-sided quality
of the body portion being supplanted and
rehabilitative necessities of the prosthesis client.

Literature review presented a new experimental-
restorative hand design that differs from the typical
prostheses. With the introduction of the idea of
addressing consumers necessities, practicality was
increased and the cosmetic look became closer to the
lost body part [4]. Some people designed a five-
fingered hand with a specific number of DOF toward
the person's hand. The five-fingered robot hand was
designed using ultrasonic motors and elastic elements
[5]. A different design to acquire a complete grasping
taxonomy was presented by [6]. It composed of eight
required hand postures with the possibility of
controlling them by EMG signals. The design
consisted of a thropomorphic hand having five fingers
with 16 joints. Several studies deal with the applied
forces by the hand throughout the objects griping
process as mentioned by [7]. Detailed study of the
mechanical properties of artificial industrial hands was
performed. A pilot study on the impact of many
commercially available reproductive health laboratory,
including Vincent, iLimb, iLimb Pulse, Bebionic,
Bebionic v2, and Michelangelo hands were reported.
The design of the fingers, motility, the joint
mechanical couple, and the operating methods of
these artificial hands were commercially invested [8].
The stability of the mechanical design of the primary
hand mechanism and, how the tradition circuit board
fits within the palm was presented in [9]. Hands with
fifteen degree of freedom, 7 active and 8 passives were
generated and tested [10]. Several techniques to plan
and make a fake hand for prosthetic application was
introduced [11]. The proposed plan could be used for
a five-finger hand with a lower arm incited by under-
actuated framework composed of ligaments and
servomotors. 3D printing was used for hand
fabrication. It comes woth 15 DOF, 3DOF for each
finger.
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Specific gearbox was used to control and move the
fingers of the artificial hand [12]. A good design for
the joined curling finger was presented and developed
by many teams [13-17]. The fingers differ in their
precise operation and flexing mechanism style.
Though every finger was primarily based around the
cutling life of the 6 bar linkage. Light and Chappell
used a system of 5 linkages to make a mechanical
cutling phenomenon. [18], used a worm gear machine
as an alternate of the lead screw persuaded wire
system. One more advantage of the worm gear over
the lead screw is that it does not need the material area
of the direct separation of the wire as the wire is
wound onto the machine. The equip is hence seen as
an upper fashion to the coordinate screw with the
cable system.

The main objective of the research is to design and
manufacture an artificial hand for amputees. The place
of amputation is transradial amputations and be similar
in size to the human hand and equipped with sensors
in order to feel the bodies. These sensors are covered
with silicon in order to maintain the aesthetic of the
limb. The design is implemented using six motors. The
plan of an open-source, human and under actuated
prosthetic hand are presented. The weight of the hand
is 300g which permit for an reasonable and profoundly
utilitarian prosthesis gadget with a cost of $550.
Electronic design and control the prosthesis was
accomplished by arduino (Nano) implemented
through a sSEMG activated controller and proposed in
Section II. This approach allows to achieve complex
customized actions, such as pinch, fist and jack chuck
movement. Using the classification of motions using
the Knn algorithm and also analysing stresses using the
ansys program and comparing them with the stress of
yielding to the material from which the prosthesis was
presented in section I11I.

2. Methodology
a. Geometry Design:

This part explains the geometry design procedure
used to design a mechanical function for prosthetic
hand, the design of prosthetic hand was first designed
and implemented using Solidworks which is a great
tool to every engineer interested in designing. It is a
complete Cad package that offers modeling of
complicated structure as parts. The first part to design
was a finger. The finger consists of two parts: distal
phalange and the proximal phalange. A link between
wheel gear and phalanges (proximal and distal) was
introduced by a worm wheel. The 6V Polou motor
provides the distal motion up. The motor is linked
with proximal phalange. The thumb is designed to do
different functions more than any other parts design.
The thumb is driven by two 6V Polou motors to
provide an extension and a flexion motion. The palm
is divided into two regions; one supports each finger
and location of motors is called (back palm), the
second part of the palm is called (upper palm). These
divided parts work similar to the human hand shown
in figures (1-8).
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The part forearm is designed as a base to support
the palm and the rest of amputation. The wrist is
designed to join the forearm with palm. All designed
parts were assembled together in solidworks to form
the final shape of prosthetic hand as shown in figures
(1-8).

proxumal finger

place worm gear

Figure (2): Index finger design

thumb motor

thumb mount

Figure (3): Thumb finger design

Figure (4): Back palm design

Figure (6): Wrist design

Figure (7): Part of forearm design

"~

CRILET

Figure (8): Complete prosthetic hand design
b. Driving Mechanism:

A gear is a device consisting of a line pipe (a worm),
which mates the gearwheel (the worm wheel) in order
to produce the rotational motion between the two
beams at right angles to all other [19]. The worm-gear
mechanism is illustrated in Fig.(9). The motor is
located close to the MCP joint but requires the motor
axis to be offset. The worm is mounted on the motor
shaft that drives a gear mounted on the proximal
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phalangeal. Turning the worm one way or the other
will control the finger motion direction [20].

roximal

MCP joint - phalangeal

paim
gear

Figure (9): Worm-gear finger mechanism

Figure (10): Motor and gear in thumb

c. K-nearest Neighbor Classifier (KINN):
K-next neighbor (KNN) could be an easy
calculation that classify all cases and organize new
cases that carry the same features. In addition, KNN
algorithm is referred to as a raise the next neighbor.
Next neighbor classification is mainly employed when
the attributes are continuous. Easy K next neighbor
algorithm is seen during these steps as [21]:
Stepl) realize the K coaching instances face to
unknown example.
Step2) choose the foremost normally happening
catalogue for these K cases.
There are numerous methods for measuring the
parallel among two instances with n quality principles.
Each life has taken after three arrangements. The

170

4
distance (A, B) be the space among two points A, B
then
1) Distance (A,B) = 0 and distance (A,B)=0 if A=B.
2) Distance (A,B) = distance (B,A).
3) Distance (A,C) < distance (A,B) + Distance (B,C).
Chattels 3, known as “Triangle in sameness” ,
positions that the through space between some two
focuses could be a straight row. The most universal
space procedure used in this study is the Euclidean
For
equivalence, and minimum-maximum normalization is
used. KNN endures from the following drawbacks:
small efficiency and addiction on the range of fine

space. continuous  changes, Z achieves

charges for k. More study is required to advance the
accurateness of KNN with better charges of K.
Euclidean space between 2 focuses in n-dimensional
space is given by the condition,

Dis. (x4, %,) = \/z{;l((xl,-) — )2 ()

where:

x1 is the first point.

x2 is the second point.

K is the number of near neighbors.

1 is the repetition.

where x1= (x11, x12... x1n) and x2=(x21, x22... x2n)
are 2 proofs with n qualities. The next neighbor
(KNN) organization law assigns a model z of
unidentified classification to the group of its near
neighbor, everywhere be the near neighbor to z if,
D(X;,Z) =Min{D(X;,Z)L=1,2,3,...N} (2

D is the Euclidean space among 2 models.
7 is a model classification.
The symbol D is the Euclidean space among the 2
models. The KNN rule reflects the k-near neighbors
of z and utilizes the popular rule so that,

f=14=K This equation (c.3).
where t is the time series. S is the sum, L is a counter:
1,2,3,...... N. Then z be allocated to class j if
tj= Max{t: } This equation(c.4)
where j is allocated to class.
The required steps on how to total K-near neighbors
KNN algorithm are presented as,
1-Find out limit K=number of near neighbors.
2-Compute the space among the query-instance and
the education examples.
3-Class the space and find near neighbors derived
from the Kth leased space.
4-Meet the class Y of the near neighbors.
5-Use easy accessible of the sort of near neighbors.
d. Prosthetic Hand Manufacture:

The prosthetic hand was built using 3D printing as
an additive manufacturing, which is a method utilized
to fabricate almost any computer-aided design (CAD)
model using thermoplastics materials, such as PLA,
ABS, and PET. This method promises customization
and simplicity with low-cost. The application of this
method, to fabricate parts suited to address local needs
in developing countries, has became of an interesting
project in recent years. The application of 3D printing
in low-income countries, primarily using open-source
designs, holds much promise for delivering a whole
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range of desired equipment on demand. The
technology has been used to deliver humanitarian aid
to those in need [22].

Each finger of the prosthetic hand is actuated by
6V polou motor with gear ratio equal to 50:1 located
at the palm. The proposed plan of the hand was buried
within the printer program and the parts were printed.
The printing procedure guarantees a really tall
precision when it comes to dimension; i.e, there was
not much contrast between the ultimate shape
measurements and the cad plan As proposed, each
finger is composed of two parts connected together
and fastened by pins between distal and proximal
phalange. Figure (11-14) shows the finger in its final
assembly. The palm on the other side was printed as
two portion as planned. The fingers were associated to
the palm in a really simple and straightforward way. All
parts are fitted together without noticeable clearance.

Figure (13): Sensor location at fingertip
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Figure (14): Fully prosthetic hand
e. Setup the System Component:

The complete control system is shown in Figure
(15). The complete control system is mainly composed
of EMG sensot, microcontroller, 2 DC motor drive,
and the shield EMG-EKG. The shield is responsible
to work as a connection part that supplies the power
to the motor from a traditional 5V, transform and
connects the battery data wires to the microcontroller

pins.
jlL.
]
: ﬂ Serson
-

mucroconiroller
{ Arduso)

shedd EMG-ERG

10C mokee

Elsctrode

Figure (15): The complete control system.

f. Surface Electromyography Signal
Generation:

The EMG signal is defined as recording and
evaluating the electrical signal generated by the muscle
related to neuromuscular activation. It emerges from a
stream of ions across a muscle fibre’s membrane
passes through the connective tissues to arrive the
detection electrode and it located on the skin [23] as
shown in Fig.(16). The signal that passes through
muscle fibres coming through axon that induces
muscle contraction or influence of other neurons,
action potential (AP). The motor unit action potential
(MUAP) can be defined as the summation of electrical
activity for all activated muscle fibres by MU. In Figure
(16) the oA and oB are all alpha MUs recruited, the
summation of muscle fibers APs that activated by aA
is known as XMUAPA and the summation of muscle
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fibres APs that activated by B is known as SMUAPB.
This added of MUAPs in case of force increment
needed. As a result of this summation of XMUAPA
and XMUAPB, the sEMG signal will emerge [24].

Figure (16): EMG signal generation

g. Finger Kinematics:

In the kinematics form, the prosthetic finger
comprises three connections relating to the three
phalanges of the true finger. The finger is set with one
active and two passive DOF. The active DOF is at the
main joint and the other two are in the second and
third joints combined with the first. Denavit-
Hartenberg (D-H) is the generally utilized technique to
take care of the forward kinematics issue, where the
change in the arrangement is utilized to create an
individual change demonstrating the heading and
position of the fingertip as for palm. The finger
kinematics may be considered in 2D kinematics
deceitful in the X-Y plane [25]. The D-H theorem
contains four patameters which are: angle 8i, the
link/phalanx offset di, the link /phalanx length Li,
and the link/phalanx twist ai.

T;=Rot,y X Trans,,;; X Trans,; X Rot, ,;(3)

cos —sin6 0 O
sin@ cos6@ 0 O
10
0 1

0 0
1 0 0 O
01 0 O
Trans, 4= 0 0 1 di ©)
0 0 0 1
1 0 0 Ul
01 0 O
Trans, ;= 00 1 0 ©)
0 0 0 1
1 0 0 0
|0 cosa —sina O
RoLwi=(o Sina  cosa 0 @
0 0 0 1
i—1p=
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cos0; -—sinf;cosa; sinB;cosa; L;cos0;

sind; cos0; —cos0;cosa; L;sind;
0 sina; cosqa; di
0 0 0 1
®)
h. ANSYS Analysis:

In addition to design changes for improved
cosmetics, printability, and use of equations, to design
the changes for improved strength were necessary for
a functional prosthetic hand [26]. The forces applied
at the more critical locations and the fixed support at
movement (pinch, chuck ,and fist).The type and
number of element are adaptive with 177660 and
108479 for node and element numbers, respectively.

3. Results And Discussion:
A- KNN Classifier:

KNN classifier is one of the best and the foremost
vital calculation for EMG design. The calculation
comprises three stages: To begin with the time
separations between a test and calculation of all
preparing tests. Next, choosing out the k-nearest
preparing tests to the test. Finally, a course name is
allotted by applying the lion's share and running the
show to the k closest tests. In other words, kNN
classifier is used to classify unlabelled observations by
relegating them to the lesson of the foremost
comparable labelled cases [27].

In kNN calculation the closest is characterized in
terms of a time metric. Euclidean separate is utilized
here between each three pattern times where the first
pattern is assigned as a set between (0.5 - 1.4) sec. The
second is assigned as a set between (1.5 - 2.4) sec. The
third is assigned as a set between (2.5 - 3.4) sec. These
time values are represented as muscle contraction time.
The three clustering results are shown in Fig.(17)
where the blue cluster presents the pinch grip, the red
cluster presents chuk grip, and the green cluster
presents fist grip.

Ongnal unciustered data Clestored daca

Figure (17): KNN algorithm with three clusters
(pinch, chuck, and fist)
B- Grasp Mode:

The classification execution is gotten for the
highlight vector time set [pinch / chuck / fist] using
KNN classifiers. After gathering handle of prosthetic
hand primary parts, the proposed hand is tried in a
hold design. Within the grasp design test, the hand is
tried to perform three hold designs utilizing EMG as
flag input. The prosthetic hand can effectively perform
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three hold designs. The three grasp designs are pinch
grasp, chuck, and fist thumb.
1. Pinch grip:

The contraction of the muscle in the pinch grip has
period time of 1 sec for transmitting it using the EMG
signal, the KNN distinguishes these contractions to
recognize which of these grips are done and divided
into three clusters, each cluster represents one of these
grips. The grip of holding the card or key are presented
in Figures (18) and (19). The measuring of the amount
of pressure placed on these objects can be
implemented through the pressure sensors at the end
of each finger as shown iln Figure (20).

Figure (18): Hand holding a card
2

Figure (19): Hand holding a key

Pinch

?newq_»«xg G}
’

Timo{mw)

Figure (20): Value of pressure sensor with pinch

The simulation for the fingers was accomplished
by ANSYS software for the pinch grip. The maximum
stress for each finger is presented in Figures (21) and
(22). The compression stress is maximum stress at the
contact region and noticed to be 1019 Pa at the index
finger. The second finger (thumb) has greater
compression stress of maximum value of 1056.2 Pa.
The compression stress on the thumb is greater than
that corresponding in the index, because the surface
area of the contact is greater. Compared to the stress
of subjecting the material from which the prosthesis
was made, the stresses generated in each finger do not
exceed the value of the stress of subjecting the material
which is 59Mpa.

— — 2

Figure (21): Maximum stress at index finger for
pinch grip

Figure (22): Maximum stress at thumb finger for
pinch grip

— e —

The maximum deformation is taken at joints of
finger parts. Maximum value is 1.722¥10-8 m, so the
material of these parts must be strong. The maximum
deformation is presented in Figure (23).

— —
Figure (23): Maximum deformation at pinch grip

2. Chuck grip:

The contraction of the muscle in the chuck grip
has period time of 1 sec for transmitting using the
EMG signal, the KNN distinguishes these
contractions to recognize which of these grips are
done and divided into three clusters each cluster
represents one of these gtips, the grip of holding a
screwdriver is shown in Figure (24). Figure (25) shows
that the pressure is developed only at the thumb,
index, and middle finger, while the pressure the other
fingers equals to zero (not used in this process).

Figure (24): Prosthetic hand with chuck function
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Figure (25): Value of pressure sensor with chuck

For the chuck grip, three fingers are used. The
maximum stress for each finger are presented in
Figures (26-28). The maximum stress distribution is
measured at the contact region mainly at thumb finger
with maximum stress of 1112.3 Pa with state of catch
screw driver. The maximum stress distribution of
index finger is 1002.3 Pa at contact region. For the
middle finger, the maximum stress distribution at
contact region is 1013.8 Pa. The stresses generated in
each finger do not exceed the value of the stress of
subjected material which is 59Mpa.

)
— — -
Figure (26): Maximum stress at thumb finger for
chuck grip

— — - 2

Figure (27): Maximum stress at index finger for
chuck grip

1

Figure(28): Maximum stress at middle finger for
chuck grip

L

The maximum deformation is measured at joint of
thumb finger with value of 4.7%10-9 as shown in
Figure (29).

& . e . -

Figure (29): Maximum deformation at chuck
grip
3. Fist grip:

The contraction of the muscle in the first grip has
period time of 1 sec for transmitting it using the EMG
signal, the KNN distinguishes these contractions to
recognize which of these grips are done and divided
into three clusters, each cluster represents one of these
grips. The grip of holding the bottle is presented in
Figure (30). Measuring of the amount of pressure
placed on these objects can be implemented through
the pressure sensors at the end of each finger as shown
in Figure (31). This figure shows that the pressure is
developed at the index, ring, middle, and pinky finger,
while no developed pressure noticed at the thumb
finger (not used in this process).

Force pressarlkg onr'd)

Thoetans)

Figure (31): Value of pressure sensor with fist

Four fingers are used in this grip. Maximum stress
for each finger is presented by Figure (32-35). The
maximum stress distribution found at the wrist joint is
998.59 Pa for the index finger, 1215.4 Pa for middle
finger, 1082.2 Pa for ring finger, and 1392.3 Pa for the
little finger. The stresses generated in each finger do
not exceed the value of the stress of subjected material
which is 59Mpa.
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Figure (32): Maximum stress at index finger for
fist grip

Figure (33): Maximum stress at middle finger for
fist grip

Figure (34): Maximum stress at ring finger for

fist grip

Figure (35): Maximum stress at little finger for
fist grip

Seen from figure (36), the maximum deformation
is taken at joint of middle finger with value (8.613*10"-
11 m).

— —

Figure (36): Maximum deformation at fist grip

The results obtained from ANSYS software are in
good agreement with practical implementation of the
hand.

4. A transradial amputee live test:

On a transradial male amputee, the prosthesis hand
was tested. The amputee was without any experience
to use prosthetics powered by EMG. Before using the
prosthesis hand (including calibration), the amputated
person was exercised for 30 minutes. This learning
cycle is demonstrated in Figure (37). That procedure
allowed the amputee to concentrate on the correct
muscles and map the movement of the
musculoskeletal to stabilize the prosthetic hand.
Because of the subject's amputation, the two EMG
electrodes are mounted over his triceps and biceps.
After 30 years of amputation, the amputee did not use
these muscles at all, and thus a significant effort had
been spent to enable him using the prosthetic hand.

Figure (37): Wearing a prosthesis from an
amputated person

4. Conclusion:

The prosthetic hand presented in this work was
factory-made via 3D printing strategies. The fingers
unit was accomplished by Polou 6V DC motor
through a worm equip and worm wheel close to the
finger. The five fingers, wrist and the attachment have
five independent degrees of opportunity. Each finger
is controlled by one motor while the thumb is
controlled by 2 motors. The DC motor is mounted in
palm. After collecting the signals for contracting the
muscle for a period of one, two and three seconds
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using EMG the motions (pinch, fist, jack chuck), it
classified using the nearest neighbour ( KNN)
algorithm. Euclidean distance is used between each of
the three pattern times where the first pattern is
assigned as a set between (0.5 - 1.4) sec. The second is
assigned as a set between (1.5 - 2.4) sec. The third is
assigned as a set between (2.5-3.4) sec. The highest
pressure was measured to be 1000kg / cm2. Then the
fingers were analyzed by ANSYS software at similar
movements to obtain the highest possible stress. It was
noted that the new design gave faster response, easy to
control, and can easily modified. In addition, the cost
is relatively low. The stresses measured at the fingers
tip do not exceed the yield stress of material under test.
Depending on the signals and feedback provided by
the the designed hand has
successfully accomplished the test of gripping
different samples. The warm gear mechanism and the

pressure  sensots,

DC motors selection was a good choice for controlling
the fingers rotational motion.
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