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This paper presents an anthropomorphic robot hand
Gifu Hand I, to be used as a platform of robot hand for
the study of dexterous manipulation. To perform grasp-
ing and manipulation like a human, the Gifu Hand I
includes five fingers whose actuators are servomotors
built in the palm and fingers. A thumb has four degree-
of-freedom (DOF) and fourjoints, and fingers have three
DOF and four joints. Two axes ofjoints near the palm
cross orthogonally at one point like the human hand. The
design concept of the anthropomorphic robot hand is
presented and mechanisms and specifications of the de

veloped robot hsnd are shown.

Keywords: Robot hand, Anthropomorphic hand, Mechani-
cal design, Humanoid.
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  Robots used in hazardous environments are often re-

quired to perform complex multipurpose tasks communicat-
ing with human operators. In environments such as subsea
pipeline inspection and repair, telesurgery, and construction
in space, a robot hand must be anthropomorphic in both
geometry and size. The anthropomorphic robot hand enables
minute work instead of astronauts wearing gloves and un-
dertaking dangerous tasks in hostile enviroAments. The an-
thropomorphic robot hand is also used as a prosthetic for
the handicapped. Many multi-fingered robot hands (the
Stanford/JPL hand by Salisbury et al.'), the UtahlMIT hand
by Jacobson et al.2), and the Anthrobot hand by Kyriakopou-
los et al.3)) have been developed. These robot hands are
driven by actuators such as servomotors or pneumatic cyl-
inders, located away from the robot hand using tendon ca-
bles. In this tendon method, the relation between the joint
angle and the actuator displacement is nonlinear because of
the interference between tendon cables, and it is very diffi-
cult to control the joint angle aceurately because of the
elasticity of tendon cables. Motion of the robot arm is ob-
structed by actuators and tendon cables when the robot hand

is attached to the robot arm.

   To solve these problems, robot hands have been devel-
opedO whose actuators are servomotors built in the palm,
thumb, and fingers the built-in servomotor method. The Bel-
grade/USC hand`) has five fingers and four motors, two
motors for the thumb and two for the fingers. Since this hand
has only four DOF, it only provides simple grasping rather
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hand to manipulate objects dexterously. The robot hand
must also have opposability.

  (4) Force sensor
  The human fingers includes tacnle sensors and force sen-
sors enabling dexterous manipulation of objects. Each fin-
gertip of Gifu Hand I has a six-axes force sensor for

compliant manipulation.
  (5) Built-in servomotor method

  It is important that motion of the robot arm not be (lis-
turbed by the robot hand and the robot hand be easily at-
tachable to the robot arm. The built-in servomotor method

is suitable for these aims. The gear transmission is to be
highly stiff for precise position control, and must consist of
highly stiff gears such as a satellite gear andlor a bevel gear

instead of low stiff gears such as a harmonic drive gear.
  (6) Unit design of the finger

   Easy maintenance and easy manufacture of the robot
hand are important, so each joint must be modular and each
finger must be a unite. Due to the unit design of the finger,
hands having from two fingers to five fingers are made

easily.

3. Hand Mechanism
     .

  Mechanisms of the thumb and the other fingers based on
our design conoept are shown in Fig. 1(a) and Fig. 1ib).
Servomotors and joints are numbered from the palm to the
fingertip, Each servomotor (Maxson DC motor, Interelectric
AG) has a magnetic encoder with 16 countirevolution to
sense the motor angle. Fig. 2 and 3 shows Gifu Hand I.

Spechications are given in Table 1.

3.1. fimgerMechanism
   The Gifu Hand I has five fingers like the human hand.
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Flg. 1. Mechanisms of the fingers. (a): 'Ihe thumb, O): The
finger except the thumb.
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IFIg. 3. Devel(rped hand.

Tabie 1. Specifications 

 Weitofthefinerexthethumb
   Weitofthethurnb2

   TotalweitofGifuHandll
 Exertedforceatthefinert

  Gearratielst'eint1
   2nd'oint67.49

   3rd'oint73.43
   4th'ointofthethumb64.62

 Barxtwidn1st'ointoftheth   3rd'ointofthethumb6.6Hz
   4th-ointefthethumb6.7
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four-bar linkage mechanism in the seoond segment of the
finger.

  Thus the DOF of the thumb is one more than that of

fingers. Replacement of the finger is easy because each
finger is designed as a united mechanism consisting of

modular joints.
  (2) Asymmeuical differential gear

  The rotation of the first and second joints is controlled
independently through an asymmetrical differential gear by
the first and second servomotors. This asymmetrical gear
enables the second joint to be placed near the surface of the
palm and the axes of the fmst joint and the second joint to
be orthogonal. Sinoe the mobile range of the second joint is
1arge enough, the kmematics of robot hand is similar to that

of the human hand.

  (3) Planar four-bar 1inkage mechanism
  In the human hand, the motion of the founh joint of the
fingers except the thumb engages with that of the third joint.
A measurement of the relation between the third and fourth

joint angles of the forefinger of the human is showri in fig.
4. The founh joint angle engages with the third joint angle
almost linearly. In Gifu Hand I, the fourth joint is driven by
a planar four-bar linkage mechanism shown in Fig. 5(a) and
the third servomotor to make the engagement. ln this planar
four-bar linkage mechanism, a relation between a displace-
ment of the third joint q3 and a displacement of the fourth

joint q4 is given as follows:

l - ((r3 sin(q3, + q3) + r4 sin(q4, + q4)Y

+ (a+r3 cos (q% + q3)-r4 cos (qs + q4))2 )g

---------------t-----e--- (1)

  where a is a length of the second finger segnent, r3 and
r4 are link radiuses of the third and founh joints, q" and
q% are initial angles of the planar four-bar linkage mecha-

nism, andlis a length of the connected 1ink given by

l e ((r3 sin q3, + r4 sin q4?2 +

(a + r3 cos q% - r4 cos q,?2 )l . . . . . . . (2)
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      Flg. 5. Planar four

  By substituting equation (2) into equation (1)
sented as a fUnction given by

   .

,q4 rs repre-

 q4 -f(a, r3, r4, g3,, q4,, q3) . . . . . . . . . . ･ (3)

  Tliough q4 is nonlinear to q3, parameters of the planar
four-bar linkage were set such that q4 is nearly 1inear to q3
as follows; a=32 mm, r3=r4=7 mm, q%=30degree, qs=70
degree. As a result, the relation between q4 and q3 is shown
in fig. 5(b). A maximal difference from 1inear displacement
is 1.27 degree. 'Ihough computation of equation (3) is rela-
tively complex, a requirement of computation of q4 be re-

duced by using a table-lookup and interpolation.
  (4) Compactness and light-weight

   For compac
the frame are 
alloy (brass i
weighs 212 g,
the robot hand

HandIis light en
  (5) Six-axes force sensor

  Each finger
sor, BL AUTOT
tips is poss
operational po

force sensor is e
  (6) Mobile spaoe

   The net len

Joumal of Robotics and Mechatronios Vol. 11 No. 4, 1999 271



kwasaliH.andkomats-T.

        .

   
 
,

    '

    .

 
   
,
.

 
 
  

r
.

  
  
:

(s) Forefinger of Gifti Hattd I (b) Forefinger of human

         Fig. C Mobile spaoe of finger

gg ls  i･g
o

O.OS O.1 O.15 O.2 O.2S O.3

       Time [s]

    (a) The lst joint

g-g.Igeg    o O.05 O,1 O.

       Time [s]

Fig. & Step respo

s
-
g

5

-5

-15

2

    6.7

Fre(luency [Ede]

l8

180

,
i

.
i -180

gls eg    o

l
-

e,05 O.1 O.IS 02 O.25 O.3

      Tisne [s]

 O) 'The second joint

 l5

 10

  s

  o

   O O.05 O.1 O.15 O.2 O.25 03

             Time [s]

         (c) The third joint

Flg.7. Step responses of the finger exoept the thumb

liig. 9 Frequency chara

 s･,p
"-    -..,,IV

A(i}iiilX,""te pt
i
E
.

the size of the bigger human hand. Mobile spaces of finger-
tips of the developed fmger and the human are shown in
Mg. 6(a) and fig. 6fo). The human finger is drawn the same
size as the robot finger to confirm geomeuical similarity of

the human and robot fingers. These are alike.
  (7) Response

  Step responses of the finger by PD control are shown in
Mg. 7. The joint angle velocity is obtained as a digital
derivation ofjoint displacement. Ng. 7(a), (b), and (c) are
responses of the first, second, and third joints. A step re-
sponse of the foumb joint of the thumb is shown in E'g. 8.
Raised time of each step response is less than O.07 second.
Bandwidths of frequency-gain characteristics of the lst joint
and the 4th joint of the thumb by velocity feedback control
are 9.1 Hz and 6.7 Hz and of the 3rd joint of the finger 6.6
Hz. As example, frequency characteristics of the 3rd joint
are shown in Mg. 9. The responsibility of the developed

hand is superior to that of the human finger.
  (8) Grasping foroe
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Mechanism Design of Anthropomorphic Robot Hand

fingers into a(x ount, the actual length was designed as not
disturbing the lateral motion of each finger under condition
of unchanged measurement criteria.
  The thumb is located leaning at 30 [degree] against the
palm such that the thumb is opposable to all fingers.
  (2) Easy attachment to Robot Arm
  Gifu Hand I can be attached to a commercial robot arm,
DENSO robot VS-6354BM model made by DENSO Cor-
poration (Fig. 10). By exchanging the wrist attachment, the
Gifu Hand I is attached to another robot arm, making pos-
sible research on robot tasks using the robot arm and the
anthropomorphic robot hand together.
  (3) Palm
  The palm is made from an aluminum ingot as a unit. By
remaking only the palm, an another hand such as a three-
fingered hand can be made easily.

4. Conclusions

  We presented the design concept and features of an an-
thropomorphic robot hand, Gifu Hand I, to be used as a
standard anthropomorphic robot hand. Gifu Hand I uses the
built-in servomotor method, and its number of DOF is simi-
1ar to that of the human hand. This hand has nonnegligible
backlash, but the backlash wil1 be reduced by a modified
mechanica1 design in future. We plan to study control for
the developed hand.
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