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Abstract

Joint control is the prominent issue observed during finger interaction with the environment. Internal
collision of finger movement during grasping of the object occurs while picking the object. This
research work focuses on the placement of joint motor, so that finger collision can be avoided. Due to
compact size and advancement of sensing and actuation, the flat plate motor was directly mounted
between the finger joint. Touch sensors were placed on the surfaces of the finger. A simple master-
slave control was adopted for the finger joint motion control. A smooth operation of grasping was
observed during finger interaction.
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1. INTRODUCTION

Finger gripper controlling is a tedious task. The main problem arises due to actuator size. Placing of
larger size actuator between the fingers is not possible and also for mobile applications, there is a chance
of collision [1]. Earlier design work on the pulley system, four-bar chain mechanism, and gear
mechanism. The conventional mechanism is limited to the workspace for the finger during grasping the
object [2],[3]. The conventional mechanism has no flexibility to deal with the unknown shape and size
of the object. Due to the larger size of the mechanism and more weight of the actuator, grasping is not
done properly. With the advancement of flat plate EC motors, such type of problems can be minimized.
Flat plate motor sizes vary from 10 mm thickness to 50mm thickness and the diameter of rotor size
varies from 2mm-20mm. The flat plate EC motor has an inbuilt quadrature encoder. The current trends
in robotics research shifted to the placement of the plate motor [4]. These motors can easily be fitted
between the joints. This research work focuses on the placing of the plate motor between the joints.

Controlling of 15_DOF finger joint is also a very tough task. A simple master and slave control
architecture was used for the finger gripper control. The advantage of master and slave type control
architecture did not put the controller to do computation. The Master is controlling the finger position
and the slave is controlling each joint position. The feedback was sent to the master controller and the
master controller the correction if any deviation happens while the interaction of the finger gripper
during the grasping of the object.

2. MECHANICAL DESIGN

A 3-D model was prepared on the Solid work plate form. The dimension was kept approximately to the
human finger dimension. The model consists of 15 joints. Each finger has three joints [5]. Each joint
was connected with one flat plate motor. To simplify the control, one common shaft is connected to a
flat plate motor. One motor is controlling the three joints simultaneously. The schematic details of the
finger gripper are shown in figure 1.
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Figure 1. 3-D Modelling of Finger Gripper
3. CONTROL ARCHITECTURE

In its environment, a finger gripper completes the designated activities, which fall into two categories:
contact-type tasks and non-contact-type jobs [6]. Actuators that impart a force or a torque to the links
in order to move them are what power and drive each individual joint of a finger manipulator [7]. The
manipulator control system gives the actuator commands necessary to move the manipulator and
produce the desired end effector motion [8]. These instructions are based on the control set points
produced from the collection of joint torque time histories that the trajectory planner collected. To
obtain precise motion, the control system might be given back with the actual joint and/or end effector
positions and their derivatives. The control system may use input on the actual joint locations and
velocities, as indicated by the dotted lines for the feedback. The parameter g, ¢ and ¢ and t and so on.
Joints cannot move independently, and a complex control algorithm will be required. A master control
system that synchronises and controls n-joints makes up the usual robot control architecture for an n-
DOF manipulator [9]. Sending "set point" instructions to each of the joint controllers is the
responsibility of this master control. The set point data is used by the n-joint controllers to instruct the
joint actuator to move the joint. The joint controller may employ feedback to the master controller. The
Multi-Input —Multi-output (MIMO), nonlinear dynamics model of the n-DOF manipulator becomes
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Fig. 2. Manipulator control system

Because this controller is based on a more accurate dynamic model of a manipulator, it provides better
trajectory performances than linear controllers do. The controller discussed here employs the computed
torque control law to modify the system effectively decouple and linearize it [10]. The computed torque
control scheme also comprises two portions- a model-based and a servo portion [11],[12]. The
schematic diagram of a manipulator control system is shown in figure 2. The model-based portion
defines the nx1 vector of control torques t using a structure. Where 7 is the nx1 torque vector specified
by the servoposition.
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By using nonlinear feedback of the real locations and velocities of joints, the model-based portion

efficiently linearizes and decouples the dynamics of the system. Figure 3 illustrates the schematic
depiction of this nonlinear control strategy.
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Fig .3. Control architecture of computed control

The control law of the servo portion based on the nx1 vectors E and E of the servo errors in joint

positions and velocities, respectively. The servo portion of the computed torque control scheme is,

therefore, defined as

E(t) = qa(t) — q() @)

And E(t) = q4(t) — q(0) ©)

Where gand g, denote the nx1 vectors of actual and desired joint positions respectively. The servo

portion of the computed torque control scheme is, therefore, defined as

T =g+ K4E + KyE (6)

Where K,and K, are the nxn matrices of position and velocity gains, respectively. Usually K,and K,

are chosen as diagonal matrices with constant gains. This serves to decouple the error dynamics of the

individual joints [13],[14]. The model of error behavior or error dynamics is obtained from

T
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This shows that the error dynamics of a closed—loop system are specified by a second-order linear error
equation. This vector equation is decoupled if K, and K, are diagonal matrices with constant gain.
Hence the error equation could be written on a joint-by-joint basis. For joint i the error equation is

éi + Kdiéi + Kpiei =0 (10)

Where K,,;and Kj; are the position and velocity gains, respectively, for joint i. For the critically damped
performance of joints, the relationship between K,;and Ky; is obtained in equation i.e

Kdi = 2 Kpi (11)
3.1 Gain Parameter

The equation specifies the methodology for setting the control gains K, and K,.A direct consequence
of the control law, equation, is that the servo error at any instant of time is zero provided there is no
initial error and the computation time for the computer is zero, i.e the actuator torque is computed as a
continuous function of time [15],[16]. In reality, the time taken to compute the servo error, the PD law
control gains, and to command a new value of torque, is nonzero and is known as the cycle time. This



is the resulting command torque 7, is a staircase function and the servo error is non-zero at the
beginning of each cycle [17]-[19]. The controller will reduce this nonzero servo error to zero during
each cycle [20-23]. Based on these parameters the control gain K, and K, are computed as listed in
Tablel.

Table 1. Control gain values of K, and K,

Gain/Joint K, K,
Joint 1 12 8
Joint 2 10 6
Joint 3 8 4

Hence the actual trajectory tracked will be close to, but not the same as desired trajectory. Apart from
a damping ratio of unity, another factor that constrains the selection of control gains is the flexibility of
links, which are assumed to be rigid bodies in the development of the joint model. The unmodeled
structural flexibility of the link and other mechanical elements produces resonance at frequencies other
than natural frequency. Because these structural flexibilities have been ignored, the controller must be
designed so as not to excite these unmoulded resonances. The lowest unmoulded resonance, which
corresponds to the maximum value of the effective inertia seen by the actuator,/,,,,, has a resonance
frequency

I
wTBS :wo Imt;x (12)

where w, is the structural frequency when the effective inertia is I,. To prevent exciting these structural
oscillations and also ensure structural stability, the controller's natural frequency w,, must be limited to
0.5w;.¢s.1,€

W, <0.5w,45 and KPS(O.Sa)O)zII—O (13)
4. RESULTS AND DISCUSSION

The simulation was carried out for the planned trajectory of the different joints. The cubic spline
polynomial equation has been used for trajectory planning. The boundary condition is applied at the
start and end of the trajectory.
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Initially, the joint position and velocity are zero. Hence there is no jerk coming at the start and the end
of the motion. The cubic spline polynomial equation creates the smooth trajectory of the joint
movement. The finger joint speed up for 2.5 seconds of travel and the next half comes to speed down.
The simulation was carried out for 5 seconds for the minimum and maximum values of the individual
joints. Figure 4 shows the finger joint position with respect to time. Coriolis and centrifugal force resist
the motion of the finger joint to reach the desired position. The proportional gain and derivative gain
were taken [12; 10; 8] and [8; 6:4] based on the values obtained from the equation. Tuning of the gain
can increase the joint position reached near the grasped object. A deviation can be observed in figure 5
between the planned and actual trajectory of the finger
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Fig .5. Actual trajectory of finger joint

5. CONCLUSION

A new finger gripper design was considered for the grasping of the unknown shape and size of the object in the
unknown environment. The 3-point touch of the finger during an interaction makes the robotic finger gripper
flexible. A large workspace was observed compared to the conventional design. The master-slave approach of
the control system makes the system very easy to manipulate the object.
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