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Abstract—Human capabilities projection is the robotic
manifestation of human-like dexterity and sensory perception
through robotic telemanipulation. The goal of human
capabilities projection is to leverage robotic systems to
accomplish tasks that may not be practical or safe for human
execution. Human capabilities projection requires advances in
robotic manipulation technologies, intuitive operator control
modalities, immersive visual feedback, and effective haptic
feedback.

Index Terms—haptic device, robot, manipulation, sensors.

I. INTRODUCTION
Warfighters, astronauts, and first responders must be able
to perform challenging tasks for extended periods of time
under stressful conditions. Such tasks include military
operations that must be performed in life-threatening
battlefield environments or are of long duration, as well as
operations related to space and planetary surface exploration
[1].
These operational environments may contain hazardous
conditions under which personnel must execute combat
casualty care, engage improvised explosive devices, or
investigate potential chemical, biological, radioactive, or
nuclear threat conditions. Many injuries and fatalities occur
when highly skilled personnel such as explosive ordnance
disposal (EOD) technicians and field medics are in harm’s
way within these conditions. Finally, there are repetitive or
mundane tasks that put our warfighters and first responders
at risk of letting their guards down; examples of these types
of tasks include forward area logistics, manning security
checkpoint stations, border monitoring, maintenance actions
on nuclear reactors, and battlefield clearance [1].
Using robotic systems with human-like manipulation
capabilities in hazardous environments allows the user to
avoid exposure and accomplish the operational task or
scenario from a safe standoff range or location [2].
Currently fielded systems available to military personnel
have limited capability to address objects in a remote
environment in a human-like fashion [2].
These systems typically use low-dexterity end effectors
[one degree of freedom (DOF)] and have a single
manipulator arm. They typically provide operator control
through a series of joysticks, switches, and buttons and lack
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direct user haptic feedback.
In human beings, part of a manipulation task is executed
through visual feedback and the other part through haptic
sensation feedback. To achieve true human capabilities
projection, we feel that both elements must be present.
Haptic feedback can be subdivided into sensations delivered
to the skin (tactile) and those that are due to a sense of
location in space (kinesthetic or proprioceptive). These
sensations are extremely important when conducting
manipulation tasks.
Kinesthetic feedback in experimental EOD robots can
improve manipulations required for disabling explosive
devices [6].
II. OBJECTIVES
The scope of the research was to design a control system
for a robotic arm based on the user’s hand movement.
In the research, we focused on the following aspects:
– Mechanical transmission;
– Power supply;
– Sensors block;
– Feedback block;
– Interconnecting these four blocks with Raspberry Pi 3
and Python 3.7;
– Testing the final product.
III. HAPTIC DEVICE AND HARDWARE MODULES
To design the haptic device, electronics and mechanical
elements were used (Fig. 3 and Fig. 1). The gripper was
designed in CATIA and is put in motion by two independent
actuators, each of them acting separately on one axle
(Fig. 3).

Figure 1. The gripper (CATIA)
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Figure 2. The haptic control system: 1-gripper, 2-GWS S03N-servo motor,
3-voltage stabilizer 7.4V-5V, 4-baterry 7,4V/7000mAh, 5- Raspberry PI,
6-ADC 0832

Figure 3. Sensors module: 1-flex sensor, 2-gyro sensor MPU 9255,
3-feedback button, 4-feedback vibration motor

The gripper has the following features:
TABLE I. GRIPPER SPECIFICATIONS
Length
35 cm
Width (open)
27 cm
Width (close)
18 cm
The distances between
18 cm
the gripper arms
Height
22 cm
Weight
0.85 kg

From the analysis of the gripper, we found the need to use
servo motor based on the following features:
- Opening angle of the gripper is less than 90°;
- The gripper must generate the natural movements of
a hand, its rotation must not be more than 180°;
- Its size is small but the power is high;
- High precision.
The servo-motor has the following features:
TABLE II. GRIPPER SPECIFICATIONS
Length
40 mm
Width
20 mm
Height
35.5 mm
Weight
41 g
4.8V: 3.38 kg/cm
Torque
6.0: 4.03 kg/cm
4.8V: 0.23/60°
Speed
6.0V:0/18/60°
Pulse period
20 ms
Pulse width
500-1500 µs
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The power supply of the two servo-motors is made using
a 7000 mAh Gens Li-Po battery with 7.4 V output voltage
and a Sierra U-Bec voltage stabilizer with an input voltage
of 6.5 to 30 V and an output voltage of 5 V / 3 A.
The control signals for the two motor controls are
generated by the control and control unit. The control and
control unit is a Raspberry PI 3 model B module.
The gyroscopic sensor (MPU 9255) used to determine the
degree of rotation of the hand and the transmission of the
values to the gripper is a multi-chip module (MCM)
composed of two molds integrated into a single QFN
package (Quad Flat No Leads - circuits).
The MPU-9255 consists of three independent vibratory
MEMS rate gyroscopes, which detect rotation about the X-,
Y-, and Z- Axes. When the gyros are rotated about any of
the sense axes, the Coriolis Effect causes a vibration that is
detected by a capacitive pickoff. The resulting signal is
amplified, demodulated, and filtered to produce a voltage
that is proportional to the angular rate.
The MPU-9255’s 3-Axis accelerometer uses separate
proof masses for each axis. Acceleration along a particular
axis induces displacement on the corresponding proof mass,
and capacitive sensors detect the displacement differentially.
The MPU-9255’s architecture reduces the accelerometers’
susceptibility to fabrication variations as well as to thermal
drift. When the device is placed on a flat surface, it will
measure 0g on the X- and Y-axes and +1 g on the Z-axis.
The accelerometers’ scale factor is calibrated at the factory
and is nominally independent of supply voltage. Each sensor
has a dedicated sigma-delta ADC for providing digital
outputs. The full scale range of the digital output can be
adjusted to ±2 g, ±4 g, ±8 g, or ±16 g.
The 3-axis magnetometer uses highly sensitive Hall
sensor technology. The magnetometer portion of the IC
incorporates magnetic sensors for detecting terrestrial
magnetism in the X-, Y-, and Z- Axes, a sensor driving
circuit, a signal amplifier chain, and an arithmetic circuit for
processing the signal from each sensor. Each ADC has a
16-bit resolution and a full scale range of ±4800 μT.
This voltage is digitized using individual on-chip 16-bit
Analog-to-Digital Converters (ADCs) to sample each axis.
The full-scale range of the gyro sensors may be digitally
programmed to ±250, ±500, ±1000, or ±2000 degrees per
second (dps). The ADC sample rate is programmable from
8,000 samples per second, down to 3.9 samples per second,
and user-selectable low-pass filters enable a wide range of
cut-off frequencies [24].
The embedded Digital Motion Processor (DMP) is
located within the MPU-9255 and offloads computation of
motion processing algorithms from the host processor. The
DMP acquires data from accelerometers, gyroscopes,
magnetometers and additional 3rd party sensors, and
processes the data. The resulting data can be read from the
DMP’s registers or can be buffered in a FIFO. The DMP has
access to one of the MPU’s external pins, which can be used
for generating interrupts [24].
The purpose of the DMP is to offload both timing
requirements and processing power from the host processor.
Typically, motion processing algorithms should be run at a
high rate, often around 200 Hz, in order to provide accurate
results with low latency.
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The MPU-9255 communicates to a system processor
using either a SPI or an I2C serial interface. The MPU- 9255
always acts as a slave when communicating to the system
processor. The LSB of the of the I2C slave address is set by
pin 9 (AD0) [24].
The MPU-9255 has limited capabilities as an I2C Master
and depends on the system processor to manage the initial
configuration of any auxiliary sensors. The MPU- 9255 has
an interface bypass multiplexer, which connects the system
processor I2C bus (SDA and SCL) directly to the auxiliary
sensor I2C bus (AUX_DA and AUX_CL) [24].

Figure 4. Complete I2C Data Transfer

Figure 7. Overview of the various system components, connections and signals

The algorithm has been developed in Python 3.7 and
contains functions that help define the initial data, detect the
movement of the user's hand, calculate the angle of rotation
of the hand, calculate the palm angle of flexion, determine
the movement parameters of the servo motors but also
integrate into a system. Fig. 8 illustrates the sequence of
accessing the main functions of the algorithm:

Figure 5. Orientation of Axes for MPU 9255

The flex sensor has the following features [23]:
- Angle displacement measurement;
- Bends and flexes physically with motion device;
- Flat resistances: 25 kiloohms;
- Bend Resistances Range: 45 k to 125 kiloohms.

Figure 6. The operating principle of the flex sensor

IV. COMMAND AND CONTROL ALGORITHM
OF THE HAPTIC DEVICE
The block diagram and the connection between the main
components of this device are shown in Fig. 7.
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Figure 8. The main functions of the algorithm

Based on the functional flow of the software component,
the algorithm integrating all modules was developed by the
following steps:
1. In order to read the data provided by the sensors, their
processing, their transmission by SPI or I2C, we have
inserted the necessary libraries within the algorithm
developed in Python.
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5. The next step in developing the haptic control algorithm
is to define the function for setting the working angle of
the servo motors and setting the value of the servo
motors.

Figure 9. Necessary libraries

2. In the Python programming language, after inserting the
libraries, you need to define the pins you use.
Figure 14. Setting the working angle of the servo motors

Figure 10. Define ports and set their functionality

3. Considering that the sensor that determines hand flexion
is analog and the Raspberry Pi 3 control and control unit
does not have an analogue-to-digital converter in its
architecture, we used ADC 0832 to make
communication between the sensor and the Raspberry Pi.

6. The following operations are performed in the “while”
loop:
- Reading data from the flex sensor;
- Setting input data for the gripper servo motor;
- Reading data from the feedback button;
- Vibration motor control;
- Reading data from gyro sensor;
- Setting input data for the rotation servo motor.
V. SYSTEM CAPACITY ANALYSIS
The algorithm for controlling the haptic device determines
its movement based on readings from the sensors as follows:

Figure 15. Output data from the gyro sensor

1. The user’s hand is horizontal => The gripper of the haptic
device is in horizontal position.

Figure 11. ADC0832-Raspberry Pi 3 connection

4. Reading the values from the MPU 9255 sensor is done
via the I2C serial interface. The I2C bus is a serial
master-slave bus for long distance communications with
another device. The data transmission is synchronous on
two bidirectional lines: serial data line (SDA) and serial
clock line (SCL). The bus transmission speed ranges
from 100 kbps for bidirectional communication in
standard mode to 5 Mbps for unidirectional “ultrafast”
communication [24].

Figure 16. The gripper in horizontal position

2. The user’s hand is vertical at the 90° angle => The
gripper of the haptic device is in upright position at an
angle of 90° to the horizontal.

Figure 12. I2C protocol

Figure 17. The gripper in vertical position
Figure 13. MPU 9255- Raspberry Pi 3 connection
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3. Flex sensor is stretched => The gripper will open.

Figure 18. The gripper is open

4. Flex sensor is flexed => The gripper will be closed.
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system and a mechanical drive confirming the possibility of
a real-time remote manipulation of objects by a user with a
glove. Moreover, the integrated system can be attached to a
mobile platform in order to be able to easily move and
perform the related tasks. To test the device in a varied
environment, such as attached to a mobile platform, it would
be necessary to improve both the sensory module and the
algorithm.
In order to continue the project from the demonstrator
phase to the prototype, the sensor system can be improved
by using several higher quality sensors. Moreover, the use of
servo motors smaller than current ones would help reduce
the size of the entire device, which would lead to its use in
several situations. Making a bluetooth or wireless
transmission between the touchscreen module and the haptic
device to create a safe distance from the remote control
would be a new direction of development that would add to
this project. Multiple directions of development arise from
the wishes of device utility on a large scale, but the
continuation of the project is also strictly dependent on the
specific tasks that should be fulfilled.

Figure 19. The gripper is closed
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