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Abstract—Feedback of proprioceptive information is essential
for many tele-robotic systems, especially those designed to
undertake tasks concerning hazardous environments and for
efficient out-of-sight remote control applications. Given highly
sensitive nature of these applications, even small errors (e.g.
less than one degree of displacement in robot posture) can
cause unnecessary risk. Thus, accurate feedback of
proprioceptive information, as well as a technique to precisely
interpret this information, is significant to operator. In this
paper, we introduce a framework that uses pulse feedback
mechanism to measure the proprioceptive information of a
robot operating over real-time wireless communication and
represent it in 3D model user interface. The 3D user interface
enhances the interpretation of proprioceptive information to
help operator to visualize the real-time relative position of the
robot. The paper also provides results that demonstrate how
the framework allows synchronization between 3D model and
tele-robot to be achieved in real-time over wireless
communications.
Keywords – Proprioceptive Information, Tele-robotics,
Pulse Feedback, 3D User Interface, Real-time synchronization

I.

INTRODUCTION

Nowadays, tele-operation technologies have been
widely applied in many areas including military, medicals
industries and even house-hold usages. Tele-operation
concerns the manipulation of remote entities, robots or
machines by local machines or computers [1]. Tele-robotics
involves the remote manipulating of a robot with from a
distance which provides the operator with a sense of
security and comfort by remaining at a command center.
Tele-robotics has typically been used to deal with
hazardous materials and in dangerous or remote areas such
as nuclear plant and deep ocean exploration, where it is
often beyond the abilities of humans to undertake these
tasks. An additional factor in these environments is that the
robot is generally out-of-sight and so information about its
position and status must also be provided to the operator.
Visual information in robotics generally refers to First
Person View (FPV) of the tele-robot itself. In other words,
FPV is to see what the robot sees. FPV can be easily

implemented by attaching a camera on the robot, enabling
the operator to visualize the surrounding remote
environment. Unfortunately, with the FPV visual
information, the operator will never notice the
proprioceptive information of the robot about its body
parts’ and the angles of each linkage joint. Proprioception
is defined as the sense of the relative position and
orientation of neighbouring parts of the body [2]. It is the
feedback of the body’s dimensional state in order to aid the
perception of motion [3].
Given the application of tele-robotics in highly sensitive
and hazardous situations, single degree displacement of the
robot’s body parts is massively significant to the operator,
who relies on the proprioceptive information to make
decisions on manipulation. The accuracy of the angular
degree of each joint is therefore significantly critical as
errors in the displacement of robot may impact on the
ability to undertake the remote task and hence affect the
safety of the operator or loss revenue.
To solve the problem, a Third Person View (TPV) on
the robot is required. TPV refers to one point-of-view over
the first person. In other words, TPV is to see on the robot
itself instead of its surrounding environment. With TPV,
the operator can be fully aware of the proprioceptive
information about the angles of each linkage joint in the
robot. In this paper, a framework is proposed in order to
gain an accurate TPV of a robot through pulse feedback
which is generated from encoder of the motor and
transmitted over a short range wireless personal area
network to the operator. This paper shows that this method
provides a much more accurate degree of angle and nonflapping degree value. Furthermore, the TPV is presented
as a 3D model in a user interface that is simultaneously
updated based on pulse-feedback from the robot when its
movement has been changed. An additional advantage of
interpreting the proprioceptive information in a 3D model
user interface is to aid visualization of the current position
of robotic arm allowing the operator to easily identify the
angle of each linkage joint in the robotic arm and hence
give the appropriate commands to control the robot, for
example in gripping a highly dangerous object.

The remainder of this paper is organized as follows:
Section II reviews the related work; Section III discusses
the proposed framework; Section IV constructs the
experimental platform; Sections V and VI introduce the
framework consisting of the pulse feedback algorithm and
backlash compensation respectively into the experimental
setup; Section VII shows the outcome results and finally the
conclusion of the works is presented in Section VIII.
II.

RELATED WORKS

A. Reliability of Pulse Feedback
The majority of robots use motors such as servo and
direct current motor for their mechanical motion
displacement, and the control system theory of motors is
broadly categorized into either open loop or closed loop
known as feedback loop [4]. Open loop control systems are
unsuitable for robotic systems used in critical
environments, because they do not provide any feedback to
notify whether the motor has reached the expected position.
Close loop control [4] is therefore a necessity whenever
there is a concern about the trajectories a robot must take,
as it provides continuous feedback information. Based on
the feedback pulses, the controller/motor driver can be
notified whether the motor has reached the position given
by the operator. In [5], the researchers implemented a servo
motor with an incremental encoder attached that was used
to ensure the motor has arrived at the correct position. The
result showed that based on pulse feedback from encoder,
the positional control mechanism was able to reliably drive
motor onto the precise trajectory.
B. Joint Angle Measurement
In order to get a precise movement attitude and degree
feedback to form proprioceptive information from the real
environment, many researchers have implemented
additional sensors. The selection of the sensors to measure
the robotic arm joint angle is critical. Accelerometers are
the most popular choice to measure angles, however angle
measurement system using accelerometers has many
limitations which include difficulties in sensor calibration,
poor accuracy (e.g. a maximum error of 5.5% from the
range of -90 to +90), the repeatability error is 3 % [6],
temperature and heat convection of accelerometer affects
the accuracy as well [7], and the angular movement of the
robot will also affect the accelerometer’s angle
measurement which needed a compensation from
gyroscope sensor. Even through with the combination of a
gyroscope, the angle value will still vary depends on
gravity.
Another option for measuring linear angle is to attach a
potentiometer onto the joint. This is a much more accurate
and stable measurement, but its limitation is the small range
of resolution that the potentiometer can be rotated. For
example, the standard potentiometer has only 0° to 210°
rotation.

C. Presentation of Proprioceptive Information
One of the key factors of tele-robotics is the design of
the user interface which determines the controllability of
the system. There are many devices can be developed as a
user interface system of tele-robotics such as computer,
laptop, control console, personal digital assistant (PDA)
and smartphone. Walker and Miller [8] applied a
smartphone to manipulate his tele-robot by using
accelerometers as control inputs for tele-operation. It also
features FPV visual information and partial TPV. The
attached camera was pointing to the remote environment
including the gripper of the robot which provided only TPV
on the gripper. Xiaoli Yang et al. [9] stated that a 3D
graphical model user interface will provide a more realistic
interface which can help the user to remotely control the
robot or part of the robot or part of it, such as the arm, for
easier manipulation. However, the way they output the 3D
graphical model did not really concern whether their real
robot has reached the expected position according to given
commands.
III.

PROPOSED FRAMEWORK

An angle measurement algorithm based on pulse
feedback mechanism is proposed in order to have accurate
feedback of proprioceptive information. The resulting
framework presents this information into 3D graphical
model for the user interface. Within the angle measurement
algorithm, gear ratio calculation and backlash
compensation have also been included to make the
algorithm more practical in order to address the concerns of
reality robot design. All systems involving interaction may
also have consideration of time synchronization and
information synchronization. In the proposed framework,
network time protocol (NTP) [10] has been utilized to
ensure time synchronization between the 3D user interface
and the tele-robot. Information synchronization, may
specifically refer to posture synchronization in this paper, is
to have identical latest information between systems.
The posture synchronization between the 3D virtual
environment and the tele-robotic physical environment is
achieved by feeding back the motor encoder pulses
feedback over a short-range wireless (Bluetooth) network
to the 3D graphical model user interface. In other words,
every single movement of the motor is captured by the
optical encoder and the pulse signals are sent to controller
of the robot. The controller will store an accumulated
value of the encoder pulses, and then keep sending the
latest accumulated value to the operator environment
through the Bluetooth network. Based on the received
value, the user interface will process the gear ratio
calculation and backlash compensation and finally update
the 3D graphical model as a virtual TVP. Moreover, the
accurateness of pulse-feedback based angular degree is also
being proven by using potentiometer values as reference for
each joint. The reference of potentiometer values compared
in real-time to the degree value of angle algorithm.

IV.

EXPERIMENTAL PLATFORM

The experimental platform was used in this paper
consisted of two systems: an Android based 3D user
interface and a LEGO Mindstorms NXT [11] based telerobot, with point-to-point Bluetooth communication as
shown in Figure 1. The programming language was used in
both environment are Java and the 3D interface was built
using Unity3 game engine software [12]. Moreover, the
tele-robotic environment was constructed with all LEGO
materials such as NXT motors, Mindstorms NXT 2.0 (as
the controller), sensors and many of interlocking plastic
bricks. In addition, the real-time clock synchronization was
achieved by using a NTP in order to maintain time
synchronization. As the sequence diagram in Figure 1
shows, the manipulation is always triggered by user
environment which issues the displacement command to the
tele-robot and then the tele-robot will keep acknowledging
with its current accumulative pulse feedback.
3D User Interface Environment

Telerobotic Environment

Clock
Synchronization
Movement Command
Pulse Feedback
Movement Command

To trigger the actuation of robot, the user interface will
transmit a movement command which comprises the
direction and speed of a particular joint. Once the command
has been received by robot, the joint’s motor will react
based on the command. As the flowchart in Figure 2 shows,
during the rotation movement of the motor, the NXT
controller captures every single pulse signal that generated
by optical encoder and accumulates the pulse value. The
accumulated pulse value keeps feeding back to 3D user
interface via Bluetooth network. In the 3D user interface,
the accumulated pulses values are used to update the
posture of virtual robot. The optical encoder returns to the
LEGO NXT motor with an accuracy of 1 degree resolution
per pulse [13]. This means that a single increment or
decrement from the accumulated pulse will trigger 1 degree
update to the joint angle.
V.

ENCODER PULSE MEASUREMENT IN GEAR SYSTEM

The majority of robot motors involve gear systems into
their posture movement and it is necessary to work out the
encoder pulse measurement in related to the gear system.
Because of this, the gear ratio will determine the angle
changes of robotic joint when a rotation movement is made
by the motor. In general, every gear system has its own gear
ratio calculation which depends on different type of gear
system design. For instance, the gears involved in our
platform for the robotic arm system which include a worm
gear (as a driving gear), a compound gears and a driven
gear. Figure 3 shows the gear system of this platform and
their specifications are given in Table 1.

Pulse Feedback
Pulse Feedback

Figure 1. Overall illustration of experimental platform
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Figure 3. Gear system of the tele-robotic arm system
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Figure 2. Transmission of pulse feedback between tele-robotic and user
interface

Gear
A
B
C
D

Teeth
1
24
12
36

Description
Driver Gear (Worm Gear)
Driven of Compound Gear
Driver of Compound Gear
Driven Gear

TABLE1. TEETH SPECIFICATION OF EACH GEAR

Every gear system has a different gear ratio calculation
based on the design. In other words, the different angular
velocity of the input gear produces a different output gear

angular velocity. Based on the gear system design in our
platform, the formula of the gear ratio is shown in equation
(1) and (2).
𝑆𝑖𝑛𝑔𝑙𝑒 𝐶𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 =

𝐷𝑟𝑖𝑣𝑒𝑛 𝑜𝑓 𝐶𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝐺𝑒𝑎𝑟
𝐷𝑟𝑖𝑣𝑒𝑛 𝐺𝑒𝑎𝑟
𝑋
𝐷𝑟𝑖𝑣𝑒𝑟 𝐺𝑒𝑎𝑟
𝐷𝑟𝑖𝑣𝑒𝑟 𝑜𝑓 𝐶𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝐺𝑒𝑎𝑟

(1)

where the ratio calculation is:
𝑆𝑖𝑛𝑔𝑙𝑒 𝐶𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 =

24 36
𝑋 = 72
1 12

The backlash compensation is to move the motor pulseby-pulse until it about to move the robotic arm, and then
record down the backlash pulse of the gear system. This
test is performed repeatedly by changing the direction of
the rotation of the gear system in order to get the average
accumulative pulses. The flow chart in Figure 5 below
shows the steps of gear backlash compensation and the
result showed that the value of pulses which consumed in
filling the backlash gap is 220 pulses in our gear design.

(2)

The result of the gear ratio based on the gear system
design is 72 pulses equal 1 degree of movement of robotic
joint. Based on the value of the gear ratio calculation, it can
be determined how many degree of rotate of the robotic
joint each degree of the motor rotation drives, as shown in
equation (3) and (4).
𝑆𝑖𝑛𝑔𝑙𝑒 𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑅𝑜𝑏𝑜𝑡𝑖𝑐 𝐽𝑜𝑖𝑛𝑡
𝐷𝑒𝑔𝑟𝑒𝑒 𝑝𝑒𝑟 𝑃𝑢𝑙𝑠𝑒 =
𝑆𝑖𝑛𝑔𝑙𝑒 𝐶𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜

Gear

Potentiometer

(3)

where the calculation is:
𝐷𝑒𝑔𝑟𝑒𝑒 𝑝𝑒𝑟 𝑃𝑢𝑙𝑠𝑒 =

1
= 0.013888
72

(4)
Figure 4. Gear backlash captured by potentiometer

The result is that a single pulse received will trigger
0.013888 degree rotation movement of the robotic joint in
both 3D and tele-robot environments. This means that each
single pulse generated from optical encoder will drive the
robotic arm to turn 0.01388 degree; also the 3D model
simultaneously updated. However, there is another
unpreventable mechanical factor, gear backlash, which will
affect the accuracy of our proposed framework. Therefore,
the backlash compensation has also been considered into
our framework to gain accurateness.
VI.

GEAR BACKLASH COMPENSATION

Backlash as defined by J.Franklin and R.Henry H. in
[14] as “a rotational arc clearance formed between a pair of
mounted gears or the distance by which the tooth thickness
of one gear exceeds the tooth space of the mating gear.
Factors affecting the amount backlash required in a gear
train include errors in profile, pitch, tooth thickness, helix
angle and centre distance, and runout.”
In our proposed framework, a small backlash can
jeopardize the accuracy of proprioceptive presentation. It is
because whenever there is a change in direction of the
motor movement a gear backlash will occur. Every gear
system has this unavoidable backlash issue. It depends on
how big is the gap between gears, the greater gap and the
bigger backlash has to be compensated, in other words to
fill up the gap. However, the value of gear backlash is quite
consistent and the pulses required to compensate for
backlash can be captured in the following experiment
shown in Figure 4.

Gear Status

Flowchart
(in getting pulse consumption of backlash gap )
Start
Initializing
Current Value of
Potentiometer
Value of
no
Potentiometer
changes
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Lego Motor
Moves 1 pulse
Accumulating
Pulse

Get Final
Accumulating
Pulse

End
Figure 5. Getting consumed pulses in gear backlash compensation

DISCUSSION OF RESULTS

With our proposed framework, we compared the
accuracy of positional degree with the potentiometer.
Figure 6 shows that from the beginning of the task to 240
seconds, the robotic arm position was going down from 57
degrees to 0 degree; then lifted up to 30 degrees in 380
seconds; down again to 19 degree at 600 second and finally
lift up to 33 degrees. The total duration of the experiment
was 15 minutes involved 4 directional changes. Figure 6
also indicates that the pulse feedback mechanism with
backlash compensation is able to provide reliable angular
degree output without the aid of other angular sensors. By
using the potentiometer as the reference, the proposed
framework demonstrates the accurateness is as accurate as
potentiometer.
Figure 7 and 8 are broken down to 5 second interval.
Figure 7 shows that the accuracy of degree movement
between the 3D user interface and one of the robotic joints
with referencing value of the potentiometer is less than 0.5
degree; Figure 8 indicates that the time latency of updating
the both trigger value between 3D user interface and
potentiometer. The average delay gap is approximately 0.2
seconds and the maximum is 0.5 seconds. The reason of
having updating delay gap is due to the resolution of
potentiometer and pulse feedback is unequal. In other
words, the 3D user interface is based on receiving pulse
feedback to update the angular degree, but the
potentiometer is based on resistance changes. So they might
have different time to update their value changes. Hence,
comparing with potentiometer, our proposed framework is
more real-time.

Positioning in Degree (°)

3D User Interface
Potentiometer

Time (Second)

Figure 6. Degree movement of robotic arm between 3D user interface and
potentiometer.

Positioning in Degree (°)

VII.

Time (Second)

Figure 8. Time latency of angular degree information being updated
between 3D user interface and potentiometer

VIII.

CONCLUSIONS

The contribution of tele-robotics provides people to
manipulate robotic systems without the concern of distance.
Nevertheless, it is an essential to be fully aware the physical
posture of the robot, in order to make manipulations more
practical and precisely, especially when dealing with highly
critical and sensitive tasks. Therefore, the proprioceptive
information of the robot itself is significantly important to
the operator. Without implementing extra angular or
coordination degree sensors, we proposed a framework that
uses a pulse feedback mechanism to measure the degree
angle of each robotic joint. The algorithm also includes the
concern of the gear system design and compensation for
gear backlash. Consideration of these factors ensures that
the proposed framework is as accurate as other sensors and
the accurateness has also been proven by the result with
less than ±0.5 degree discrepancy.
Furthermore, feedback of the remote robot’s
proprioception information has been presented as a 3D
graphical model in a user interface. Proprioceptive
information can be presented clearly in 3D model because
of the virtual model of robotics which has its own
coordinate frame for each part of component. Robotic
proprioception in 3D graphical model not only enhances
the experience of operator but also gain the awareness in
degree positional detail of every robotic joint. The
framework also addresses time and information
synchronization and employs a NTP to maintain clock
synchronization between the robot and 3D user interface
when operating over a wireless network.

3D User Interface
Positioning in Degree (°)

Potentiometer .
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