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Abstract— The human hand with more than twenty seven development of the robot hands has been shown in
Degrees of Freedom (DoFs) has a unique musco-skeletal Table-1.
structure with neuro-sensory attributes under control of

CNS, is a quintessence to construct a robotic hand. The—atie-1: Chronological Development of R°b°t'cp':§:igs'
fingers are connected to the palm with metacarpo- Nu ion
phalangeal (MCP) joints. These joints have two DoFs i.e.| A, Hand D | Actu | mbe for Natur
flexion-extension and abduction-adduction whereas the | o &Year OSF ation frlr?f /'\t%dnlfc e | Remarks
remaining two joints of the digits have only one DoF. P erg Adduc
Literature survey divulges that, while constructing a robotic tion
hand, mostly the abduction-adduction at MCP joint is | Beke | Belgrade/ Linka Under | Anthropo
discarded for simplicity. This paper is aimed at development ;ﬁ;] U[Slgg'g"’]‘”d 4 ge 5 No a‘g:j‘at mﬁ;’;g'c
of a mechanism that encompasses both flexion-extension ang—zso Two
abduction-adduction for all the three fingers located on the | nand | Stanford/J Tgr’]‘d ves | Under | fingers
palm opposite to the thumb, whereas the thumb has been| Salis | PLHand | 4 1 0| 3 +age | actuat| - with
. . . bury [1981] - ed thumb in
separately designed to impart both the radial and palmer i8] ed oppose
movements with respect to the palm as well as flexion and 5 Complex
. . . . epe
extension, thereby imparting greater compliance to the | , U’\%-\TH/ Tend ndont cot?trol
system, to cope up with wide variety of tasks. son on and | architectu
ot al Deﬁtergus 16 drive 4 Yes under r(-é, friction
o1 an etween
Keywords—degrees  of  freedom; robot  hand] [ [1982] n acual | pulley and
flexion/extension; abduction/adduction; tendon.
Depe
. INTRODUCTION ”d‘i’“ Angles of
. . . . . Tend motio the
The current generation industrial grippers do not entail gliove on n phalanx
. X . e hik Robonaut ith Y prese t
kinds of grasping modes, and suited for specific industrjal,4 Hand 11 | Wi 5 €S | ftand| areno
applications. In order to design a general purpose grippingjtle |  [1999] S'sf‘e‘\’,v 45" | partial ‘;Ovr\;‘gft‘g
device, an anthropomorphic approach is essential. Humartol s ur%er human
han_d being the existence proof of all successfu] grippipng actuat | hand.
devices motivates the researchers to replicate the ed
attributes; the human hand is bestowed with. Designing tendon
. . actuation
system like us seems to be a daunting task becau_s_e of the, DIST Tend Under | mechanis
constituent muscoskeletal system under supervision | ofo, Hand 6| o0 5 Yes | actuat m
thousands of sensory neuro-motors. Bicchi [1] emphasiZ e?fl'] [2000] operat ed de?ggdes
that, during design of hands for dexterous manipulatipn repeatabili
and robust grasping, rather than mimicking it; attention ty
may be given pertinent to its functional attributes. Keepimn g';;' DLRII rendo E(fgft High cost
in view the same, present investigation aims at designings, ' | Hand By 4 Yes | otio | Involveme
. . . [2001] nt
an anthropomorphic robot hand which partially resembled12] ns
a human hand with four fingers poised with the feasihlefuka | TUAT/K . Under | Dexterity
. . . . . yaet. | arlsruhe linkag .
flexion-extension as well abduction-adduction motior)s’y; Hand 1 o 5 Yes | actuat | s very
with a suitably designed palm to accomplish tasks.[13] [2002] ed less
Previous designs of fingers in anthropomorphic roboﬁicCh:tn LARM i Under anl;lt?rg .
hands [2, 3, 4, 5, 6] have all employed either tendong ;™ Hand 3 I No | actuat morph’i’c
which leads to permanent set, thus decreasing the systepy; [2009] ed hand

repeatability or pneumatic systems which require a robust
actuation and control system. The chronological
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Based on the literature review, the present work is aimed at

Table-2 Typical Range of Phalanx Motions [16]

development of a direct linked dexterous four fingered

eleven degrees of freedom robotic hand where each degree _ _ Angle (in degree)
of freedom is dictated by a single actuator. The| Joints Articulation type
employment of more numbers of actuators increases the average value
dexterity as well as repeatability of the system at the cost
of complexities evolved from programming and control Palmer
strategies. Tradition tendon actuated system has not been 45°
adopted herein due to lack of repeatability. The mastelThumb basdAdduction/Abductio
slave control strategy has been adopted in the present
investigation. joint Radial
ll.  DESIGN ANDSYNTHESIS 60°
Adduction/Abductio
The human hand poses different motion characteristics
like adduction/abduction and flexion/extension has beer Thumb DIP . .
shown in Figurel (a) and (b). The typical ranges of| . . Extension/Flexion 80°
phalanx motions have also been shown in Table 2. The joints
requirement for the design was to develop a four fingere
robot hand with same aspect ratio that of a human hand Thumb ) )
consists of a thumb and three fingers namely; index, o Extension/Flexion 80°
middle and ring. For simplicity the provision for litte | MCP joints
finger was discarded because in precision and power
grasp the contribution of the little finger is very less with | Finger DIP
respect to the other four fingers. Extension/Flexion 80° - 9O
joints
Finger PIP
adduction_abduction Extension/Flexion 90°-100°
joints
Finger MCH
Extension/Flexion -15° to 85
joints

Middle Phalanx Distal Phalanx

Proximal Phalanx

Metacarpals

\} MCP joint DIP joint
\ \
(t\\ - //“\/:’/
L @ P //
. . \ S //,
Flexion e
(b)

Figure 1. The Fingers Motiongl.5][16]

IIl.  SYNTHESIS FOR RANGE OF MOTIOIN

Literature survey reveals, in most of the robotic hands,
power is differentially transmitted from the proximal end
to the distal end of the fingers. Objective of this project
was to locate all the BLDC motors to the back of the palm
and subsequently to draw the motion upto the distal end.
During the synthesis for flexion/extension motions at MCP
(Metacarpo-phalangeal joint), PIP (Proximal Inter-
phalangeal Joint) and DIP (Distal Inter-phalangeal Joint) it
has been observed that the motions at PIP and DIP occurs
simultaneously and yields single degree of freedom (DoF).
Eventually the synthesis for a single finger demands for
coordinated flexion/extension of DIP and PIP joints and
both flexion/extension and abduction and adduction at
MCP joint and give rise to 3 DoFs. In human finger the
flexion of the distal joint occurs simultaneously with
proximal joint’s flexion, thus this movement does not
belong to active category rather; although in passive mode
DIP joint can be independently actuated. Since the purview
of the present work was aimed at active mode grasping,
reveals interdependence of the two joints. The same has
been adopted and inculcated herein as showigimre-3.
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after PIP joint. This shows surely the dependence of
motion by motor M2 and motor M1. The same has been
mitigated through the additional motion of same amount
(a) providedto the actuator (M1) that actuates middle and
distal links.

Figure 2: Kinematic Linkage Mechanism for Flexion and
Extension at PIP and DIP Joints.

In Figure 2, it is evident that the rotation of the crank AB
flexes the finger towards the volar side of the palm. The
mechanism for actuation of the finger consists of two four
bar linkages, ABCD and DEFG. As the crank AB rotates,
it pulls the rocker CD, which is similar in length of AB
about the proximal inter-phalangeal joint D. Again CDE
forms a bell-crank, the input motion gets transmitted to
turn the distal link EFH about the distal inter-phalangeal
joint E. The intermediate quasi-static frames have been
shown in Figure 3. The dimensional synthesis was done
by utilizing the Freudenstein Equation in order to conform
to the range of motion as per Table-1 [i.e. when the PIP
flexes by an angle of 90the DIP also flexes with the
same angle, (156565°) =91°].

(&

Figure 3: Quasi Static Frames during Finger Motion

Design for each finger utilized three motors has been a
shown in Figure 5. Motor M1 is directly coupled to the
centre cross which supports two sets of metre-gears (Pai
1 and Pair-2) freely on it and conduces the
abduction/adduction at MCP. The second motor, M2
enable the flexion/extension at MCP joint by rotating the
gears P1G1 with the help of timer belt and in turn rotate:
P1G2 which is connected to proximal link. The third
motor, M3 ensure the combined flexion and extension o:
the PIP and DIP joints. Figure 5 illustrates the hardware
subassembly for the middle finger. It is intended to apply
flexion at MCP joint it is quite obvious that actuator
which actuates the flexion at MCP will certainly influence
the combined motion at PIP and DIP. Figure 4 depicts the
movement of the crank by an anglefe{ CIBAB’) to flex

the PIP and DIP simultaneously towards the palm. Again
when the MCP is given an angular displacement,a6 a
flex the entire finger, it eventually reduces the angle of
turn of the crank by the same and the effective angle of
flexion of the crank becomedlB"AB ([OBAB’ -
OB'AB”= a,-a;) and extends the portion of the finger

M3

Figure 4: The dependence of MCP joint motion with PIP

and DIP joints.
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Figure 5: Quasi Static Frames during Finger Motion
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Figure 7: The Articulation of the Thumb

IV. KINEMATIC ANALYSIS AND CONTROL STRATEGY

Quasi-static motion as well as force analysis has been
Therefore it be inferred ind dentl i ccomplished analytically.  Figure 7 shows that the
theerricgz)er IMclarf]ores:rrLEIrtraenec())Ei ?‘g:(ilgn eo%enroi?m);ﬁ;r?; anertip velocity initially increases and then decreases as
distal joint, but in order to ensure the motior?at MCP join\tl\r)e fingertip approaches the object (fine manipulation)
through M2, the same amount of rotation has to b hereas the grasping force imparted by the finger

ensured for M1 to keep the flexion at DIP and PIP radually increases to ensure a stable grasp, as evident

unchanged. This way of negation of interdependenc;[‘hrough Figure 8.

seems to be a witty approach, giving rise to anothe
degree of freedom. In a very similar manner motor M3
which is the deponent for abduction and adduction motior
demands for motion requirement for both M1 and M2. As
a coda it can be inferred in the following manner:
a) Motor M1 can independently actuate to
impart combined flexion extension at DIP
and PIP joints.

Figure 6: Quasi Static Frames during Finger Motion
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b) Motor M2 can be moved independently to
ensure flexion extension at MCP if and only
if the effect on motor M1 is taken care of by
providing a signal the same amount of a0 50 s0 100 120 140
rotation X CRANK ROTATION IN DEGREE

Figure 8: Motion characteristics of the fingertip

c) Motor M3 can be moved to impart only
abduction and adduction if and only if
effects on M2 and M1 are mitigated.

Since the thumb has got two DoFs (one palmer and on
radial), to incorporate the same two motors have bee
utilized. Motor M4 creates the radial motion to the base o
the thumb Motor, M5 the combined motion for the
phalanx of the thumb with the aid of one worm wheel
pairs as shown in Figure 6.

FORCE AT THE FINGER TIP USING A
MOTOR OF 20 Kg - mm TORQUE

2 0 © ©w s> p=) 120 140

CRANK ROTATION IN DEGREE

Figure 9: Force characteristics of the fingertip
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The finger tip trajectory and the workspace of the
designed finger were simulated without abduction anc
adduction and are shown in Figure 10 and Figure 1:

EER

respectively. L I 0 = Bl Tl (Mm}
-)(vcmphg =) = ot O tge 1
XY Plot s
0.15 il sersor
01 fontrote’ =
0.05 G:“D Signal GND
o ) 1
SRS Figure 12: Circuit diagram of the controller. [17]
0.05 k--\ -
ol o - ] All the controllers have a unique identification riaen
and are connected in daisy chain network. This means the
-0.05 0 U 01 015 mapping algorithm transmits the mapping result to all of
1S

the 11 controllers, but is accepted by the controller which
has the required identification number. The control
architecture of the controllers (Faulhaber MCBL 3003) is

Figure 10: Fingertip trajectory of a single finger

L XY.Craph R )l shown in Figurel2. The complete hardware setup is
015 shown in Figure 13.
o1} 1 — g
005} 1
£ o |
-0.05
01 ’
-0.05 o 005 01 0156

X Axis
Figure 11: Workspace computation of a single finger

Control Strategy

The present control strategy targets in controlling the
robot hand in master slave configuration. Human motion:
are captured using sensor integrated gloves and required

control actions are taken to achieve the same. In the Figure 13: Dexterous hand
present framework direct angle mapping is being used to
map the grasp from the human hand to the robot hand. V.  CONCLUSION

The joint angle to be achieved is then fed to the individual ) )

controllers of each of the joints. The controllers are PIVFrom the study of design of the multi-degrees of freedom
based controllers that control individual joints as per thdinger poised with newly developed metacarpophalangeal
requirement from the mapping algorithm. Figure 12i0int, the following conclusions may be drawn:

summarizes the basic control loop for the open loop ] ] ]
control of the robot hand. i. The attributes of a human finger have been

mapped to a robotic finger with a three DoF

a MCP joint in order to impart flexion-extension as
" g [ covmom: | well as abduction-adduction.
P [osornan | ii. The _|mportant issues with regard to the design of
LI = e multi-DoF robotic finger have been addressed.
& v iii. The problems associated with tendon-operated
- i(g’ robotic finger have been eliminated to an extent
L to mitigate the losses due to friction at the joints.
Figure 12: Open loop control strategy iv. The linkage mechanism of the finger confirms
the range of movement as present in human
finger.

v. During the trajectory planning, it has been
observed that the finger is endowed with the
modus-operandi of the human finger due to the
presence of trade-off between the fingertip
velocity and force exertion pertinent to the fine
manipulation attribute.
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