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ABSTRACT
Biologically inspired robotic hands have important applications in industry and biomedical robotics. The
grasping capacity of robotic hands is crucial for a robotic system. This paper presents an experimental
study on the finger force and movements of a human hand during the grasping operation in real-time.
It focuses on two topics; measuring grasping force using Flexi-force sensors and analysing human hand
action during grasping operation. The findings show that lifting required higher forces compared with
grasp force in the static phase.
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INTRODUCTION
Hands are important for almost all activities.
Robotic hands are developed with the aim
of mimicking the human hand in terms of
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dexterity and reliability especially in grasping
operations.
In robotic hand sensors are required
for the location of the fingertips contact
position, measurement of the force applied
on the object, and determination of the
grasp configuration. Trying to arrive at the
best method to measure fingers force is an
important aspect of research (Monroy et al.,
2009; Ye & Auner, 2003; Kazerooni et al.,
2004; Dipietro et al., 2008; Adnan et al., 2012;
et al., 2013).
To date, a number of studies have reported
the use of force sensor to measure finger force.
According to Paredes-Madrid et al., the best
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sensor devices for measuring the finger force should have the following list of the characteristics
such as repeatability for measuring the high reading, small physical size, light weight, low cost
and may be function at a high temperature (Paredes-Madrid et al., 2010). Maeno, et al., 2004;
Edussooriya et al., 2008; De et al., 2015) proposed a control strategy to detect slipping off a
grasped object using a Flexi-force. However, in order to have a good grasp, not only a force
sensation, but also grasping strategies are thought to be important for firm grasping.
According to clinicians, the index finger and thumb are responsible for at least 75% of
overall hand functions (Park et al., 2009). There is insufficient evidence in robotic literature
on thumb behaviour, despite its important role in grasping operation. To collect information
about thumb and fingers during grasping, optoelectronic motion analysis is used (Cordella
et al., 2014).
There is little published data on grasping behaviour , this study aims to parameterize the
F. Elya Saidon
grasping operation in relationN.to
human motion and identify the kinematic parameters and
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Metacarpophalangeal (MCP) joints. The joints for the thumb named: Interphalangeal (IP) and
Carpometacarpal (CMC). Joints of the hand vary in the number of degrees of freedom (DOF)
they possess. For fingers, Distal Interphalangeal (DIP) and Proximal Interphalangeal (PIP)
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Distal Interphalangeal (DIP), Proximal Interphalangeal (PIP) and Metacarpophalangeal (MCP)
joints. The joints for the thumb named: Interphalangeal (IP) and Carpometacarpal (CMC).
Joints of the hand vary in the number of degrees of freedom (DOF) they possess. For fingers,
Distal Interphalangeal (DIP) and Proximal Interphalangeal (PIP) joints contribute to 1 DOF
due to rotational movement while Metacarpophalangeal (MCP) contribute 2 DOF due to
adduction-abduction and rotational motion. On the other hand, thumb possesses 5 DOF where
Interphalangeal (IP) and Carpometacarpal (CMC) contributes 1 DOF.

Grasping Force
Grasps are defined as a set of contacts on the surface of the object. During grasping, the object
is compressed and force generated on the gripper finger to prevent the object from slipping.
Many researchers have used piezoresistive Flexi-force to measure finger force (Edussooriya,
et al., 2008). This sensor is particularly useful in studying finger force based on the divers
advantages; low cost, good sensitivity, simple construction and enhances accuracy.

Motion Analysis
Different kinematic hand models have been proposed using OptiTrack Motion. This system
is composed of an infrared (IR) camera, passive ballshaped markers, calibration and analysis
software. The ballshaped markers produce X, Y and Z coordinate values are tracked by the
infrared cameras and analyze in VENUS 3D software. Using optoelectronic system MOTIVE
Software, all marker position must be detected by the cameras (Dutta, 2012; Han & Lee,
2013). If the cameras failed to capture some markers for certain conditions, the cameras were
re-positioned.

METHODOLOGY
This project is to analyse human motion and pressure that is applied in grasping a paper cup
weighing 200 g and with a radius 26 mm and height of 80 mm. The participant is required to
fully extend the fingers and grasp the object with the right hand and lift it to a height of 4cm.
Prior to data collection, the subject received an explanation of the experiment. The subject
was asked to grasp paper cup using index finger and thumb.

Experimental setup
This project combined two system simultaneously using motion capture system and Flexi-force
sensor system. Figure 2 shows the block diagram of the proposed system.
Flexi-force sensors are connected to DAQ hardware and LabVIEW software to acquire
sensors signal and facilitate analysis. Motion capture system was used OptiTrack camera to
collect data during grasping operations and. Microsoft Visual Studio to program the Arduino
UNO and synchronise two signals of the system. The frequency of both systems was set to
100Hz. Lamp act as indicated to compare the signal between both systems.
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Figure 2. Block diagram of the proposed system

Flexi-force Sensor

Flexi-force sensors are connected to DAQ hardware and LabVIEW software to acquire

In this paper, the LabVIEW based DAQ system is used to evaluate and measure the pressure
signal and facilitate
analysis. Motion capture
system robotic
was usedhand
OptiTrack
camera
to
force sensors
using Flexi-force
sensor (0-25)lb/(110N)
for real-time
control.
Flexi-force
sensors were attached to the fingertips of index finger and thumb as shown in Figure 3.
collect data during grasping operations and. Microsoft Visual Studio to program the Arduino
The Flexi-force sensor sends the signal to DAQ within millivolts range. Hence, sensor is
UNO to
andamplifier
synchronise
two signals
the system.
Theisfrequency
of both
was set to using
connected
TL074
and theofoutput
voltage
connected
DAQsystems
and calibrated
a strain gauge by applying a known uniform weight to the sensing area using different weight. Vejai Bala 1/11/2017 8:56
100Hz. Lamp act as indicated to compare the signal between both systems.
A linear interpolation between the voltage and pressure is plotted and the values were written Comment [4]: unclear
in LabVIEW to analyse the measurement. Then output voltage from the sensor is converted
to the pressure to measure pressure force during grasping.

Figure 3. Flexi-force sensor position
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Hand Motion Tracking
In this experiment, six cameras were positioned around the experimental area to detect the
marker position and hand motion during grasping operation. We placed twelve reflection
markers on the volunteer’s right hand and on the object; eight markers were secured at every
tip and joint of the index finger and thumb including DIP, PIP, MCP joints with IP and CMC
joints of the thumb and four on the object as shown in Figure 4. Eyelash glue is used to fix the
small marker. To minimize artefacts due to skin movements or marker occlusion, procedure
for positioning markers on the hand has been chosen (Cordella, F. et al., 2014).
The maker position on the cup is able to extract the position of the object with respect
to the object radius, height and location of the object during grasping. The motion analysis
measures the joints angles by reconstructing the marker position in VENUS 3D software. Joint
angles were defined as zero when the finger in fully extended posture.

Data Analysis
A specific program was written in Microsoft Visual Studio to synchronise both systems. Motion
capture system and LabVIEW software were run simultaneously to record grasping operation
and the lamp as an indicator to synchronise the signals.
For starting configuration, all fingers were fully extended and the thumb was adducted.
The marker position was recorded in starting position and during the whole motion until hand
grasped the object. After grasping, subject held the object for a while until auditory cue then
lifts the cup to 4 cm high and gradually release grasp until the object slipped. The process was
repeated four consecutive times and all data were recorded. The joints angle measured for DIP
joint of index finger and IP joint for thumb during grasping operation as shown in Figure 4.

Figure 4. Markers position on volunteer’s right hand
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To date, this force measurement system and motion tracking has been applied to study the
grasp between index finger and thumb. Fig. 5 shows the experimental data on sensor and
grasping behaviour of the grasp. The angle measured is DIP for index and IP for the thumb as
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RESULTS AND DISCUSSION
into seven states as shown in Table 1.
To date, this force measurement system and motion tracking has been applied to study the
grasp between index finger and thumb. Figure 5 shows the experimental data on sensor and
grasping behaviour of the grasp. The angle measured is DIP for index and IP for the thumb as
shown in Figure 4. The graph divide the actions of lifting an object and setting it back down
Table
2
into seven
states as shown in Table 1.
Figure 5 shows the sub-phases of movement which identified due to significant variations
produced by the motion capture and measuring system (T1-T7); reaching, grasping, lifting,
Hand motion states
stable, slipping, release and original position. Using both systems allows the identification of
variables which relevance to description of the movement.
State
T1
T2
T3
T4
T5
T6
T7

Table 1
Action

Reach

Grasp

Hand motion states
State
Action

T1
Reach

T2
Grasp

T2

T3

Lift

Hold

Slip

T3
Lift

T4
Hold

T5
Slip

T4

T5

Release

Original
hand

T6
Release

T6

T7
Original
position
hand
position

T7

Figure 5. Angle of flexion and grasping force

The grasping force during lifting, stable and slippery states were measured and shown
in Table 2.
An initial objective of the project was to identify the relationship between the grasping
operation, the sensory system and human motion. Figure 5 presents the data while performing
the grasp based on flexion angle of index finger and thumb and grasping force. Based on the
results, the correlation between angle of flexion and force measurement is established. During
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the grasping and lifting of a cup between the fingertips, the subject manipulated the cup for
stable grasping and grasp force simultaneously caused small vibration in the data.
Another important finding was the force required to lift, grasp and release as shown in Table
2 shows during the first 2 s of contact with the cup are small compared to the forces needed to
lift the cup off the table. The force required to lift the cup builds up gradually from the time
of initial contact. The results confirm that lifting requires higher forces than grasping in the
static phase due to gravitational force needed to lift an object. However, these results were not
very encouraging because of the object’s weight and the subject’s limitation.
Table 2
Descriptive analysis of the forces

Thumb
Index

Contact Force, Fc
(N)
Mean ± SD
0.800 ± 0.484
0.557 ± 0.312

Lifting Force, FL
(N)
Mean ± SD
1.279 ± 0.009
0.862 ± 0.007

Stable Force, F (N) Slippery Force, FS
Mean ± SD
(N)
Mean ± SD
1.266 ± 0.016
1.064 ± 0.078
0.837 ± 0.013
0.688 ± 0.041

CONCLUSION
This paper analyses index finger and thumb motion during grasping. Results indicate lifting
requires more force than stable force. This research extends our knowledge of force required
to model robot hand controller system.
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