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Abstract-This paper details the design of Anthropomorphib®im Arm, works on teleoperation using bilateradster-
slave methodology. Anthropomorphic arm is simitatathuman arm with respect to the number and pasif the joints.
Most attention has been given on Force Feedbadinigee. The device makes use of WiFi technologytasvireless
communication medium. The unit is small, light, azaby to transport. It is usable in any orientaton is inexpensive.
Master rig is fitted to the user’'s arm it is pos$sito easily control an anthropomorphic robotic aiifne force being exerted
by the arm is measured and fed back to the userisvbperating the master. The Wireless Communicatard Control
Module (WCCM) of robot controller need to design wittoject portability in mind. The methodology isséJof Wireless
Master Slave Controller Technology. Use of Web ematdrvice. Use of Force Feedback Technique. Theticolarm
mimics the dexterity of the human hand, wrist, finders. The proposed master control unit is céfscéve and will have
wide-ranging applications in the fields of medicimaanufacturing, security, extreme environmentegainment, and
remotely operated vehicle teleoperation in underseavery or extraterrestrial exploration vehicle.

Index Term-Anthropomorphic Robotic Arm; bilateral master-gatorce Feedback; Master rig; Web enable service.

1. INTRODUCTION

Teleoperation has an important role in
manipulating remote objects interactively using
robotic  manipulators, especially in hostile
environments [2]. Robotic arms are now extensively
used in medical surgery [3-4]. It has been shovan th D—
a dedicated robotic arm, holding a real ultrasonic siave Controller Master Controllar

. Force feedback & vias
probe can be remotely controlled from an expee sit and control board & Diagnestic PC
with fictive probe, and reproduces on the real prob C@ e g

all the movements of the expert hand [5] remote
manipulation of objects in hazardous environments

[6], weaponry for warfare [7] and industrial TXIRX e
automation [8]. Service robots and personal care 2 = -
robots will become more prevalent at home in near <:;‘XM_>H
future and will be very useful in assistive operas
for human care [9].

Remote control of these robots by human beings ] ] )
poses several significant challenges such as the eaFlg. 1. Functional block diagram of a wireless raastave

i i . troller.
of operation, which depends greatly on the interfac =" o o
available to the user to control the robot. Another

challenging issue is that of haptic sensing — seate 1 analogue voltages from the master unit are

of feedback of touch feeling or forces exerted Dy aneasyred by the Master Controller and transmitted
robotic arm on the object being manipulated iSgyer the wireless link to the Slave Controller.eTh
required for dexterous operations. Slave Controller generates the position commands fo

The design of a wireless bilateral master-slavgq gjave unit servos and sends them, over a serial
controller was introduced in [10]. The block diadra . nication wired link, to the Servo Control
is shown Fig. 1. The master unit is a “wearablé jig Board '

and greatly simplifies the user interface for tbatcol
of the slave which is a 6-DOF robotic arm.
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2. TELEOPEERATION

since the 1970s, a time when it was totally unfdasi
to program adaptive robots, instead it was decided )
that it would be easier to allow human beings to3-1- Current Sensing
control the robots from afar [12].

that it can be difficult to use this type of systérthe
interface is not designed properly.

3. FORCE FEEDBACK

Master-slave control is not enough to allow the
The

user to work productively with the robot.
movements of the robot joints are easy to contupl b 3-2- Force Sensors

the user would have to be very careful not to etasrt - IS
much force on the objects that the arm isOn the material between the joints. These sensors

manipulating as this could damage either the olgject Would measure the amount of strain placed on efich o
these joints, the higher the strain the greater the

A good example of this would be if the user amount of force that the joint must be exerting.

The advantage of this system would be that it is
user exerted too much force on the egg then it voul measuring actual_forces and_ that the measuringeoft
crack and if they used too little force then thenar force would not interfere with the operation of the
would not be able to grip the egg and the arm wouldoints themselves. The d_|s_advantage would be that
most force sensors are difficult to mount on the ar

So, the question is: how does the user gauge hoith no preload on the sensor.

much force they are commanding the arm to apply to -
an object? Possibly the best solution would beite g 3-3- Positional Error

the arm.

needed to lift and move an egg using the arm.df th

drop it.

the user a physical sense of how much force the arm

is exerting by applying to the joints of the mastait
a force that is proportional to the force that é&nig u ! a4
exerted by the slave. This process has been callpsitions are very different it is assumed thataha

‘force feedback’ and is currently used in video gam S under strain and unable to reach the master’s
position therefore a force should be applied to the

to give the player a better sensation of what iagjo

on in the game.

There are three main ways of measuring the
The idea of teleoperation [11] has been aroundorce that the slave unit is exerting; each of ¢hiss

briefly described in the following subsections.

In this method the force fed back to the user is
The main advantage of this is that human being&h@de proportional to the current that is being draw

are adaptive and so are better able to deal witRY €ach of the joint motors. The current drawnaby

unstructured environments. The main disadvantage {10tOr is proportional to the torque that it is ey,

therefore it can be used as a measure of force sinc
torque is simply force of rotation.

This method would be the best as it is based on
actual force measurement and does not require extra
force sensors to be added to the arm.

In this method force sensors would be mounted

In this method the force that is fed back to the

user is made proportional to the difference in
positions of the master and the slave units. & th

master unit.

P Serial Sarve
(Server) RS212 E r'g‘;ts'g""'
T Tusa {Siwve)
l USE l
use ADCIDIO Current
Wireless Interface =  Detection
F 3
¥
Access ADCIDID  l— Signal - Control Rig
Point Interface Processing & Sen:
T T (Master)
l l usa F-Er_adhac:k
PC Clircuitry
(Climnt)

Fig. 2. Functional block diagram of the web-enbled robotic arm
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This method has the advantage that it does noD Position
require any extra sensors to be added to the slave Mastar Slan
unit. All the calculations can be done by the :
coordinator program. The disadvantages of this ' visual Fasdback i
method are that it does not work with actual e e e =
measured force values and the assumption stated (a} Unilateral System

above may not be appropriate.

FPositi 5
4. SYSTEM OVERVIEW Mastar i' S E
The functional block diagram of the proposed web- r Frree

enabled anthropomorphic robotic arm, with force L. Visual Feedback !
feedback, is shown in Fig. 2. The entire system can
be thought to start with the control rig, otherwise
known as the master unit. This is a glove-like devi
that the user will wear, augmented by flex and tilt
sensors to measure the required degrees of freedom.
These sensors (and associated circuitry) pasgecome more complex, dexterous manipulation is
analogue voltage values on to an Analogue-to-Digitapossible using the bilateral system.
Converter (ADC), connected to a client computer ;
through the Universal Serial Bus (USB). 4.1.1 Control ng_ ) ) )

The client computer runs a Visual Basic 6 (VB6) The control rig is a glove-like deV|c_e that covers
program that reads these analogue values anfe length of the arm. _It_measures six degrees of
converts them into digital positional and speedieal  7€€dom amongst four joints: between thumb and

which it then sends to the server computer vigorefinger, wrist, elbow, and shoulder. The majori
Windows' wireless networking. of the movements are translated into digital signal

The server computer, running a VB6 program,usmg flex sensors while tilt sensors or acceletense
receives the data and forwards it to the Seriav@er are used for measurement of rotation.
Controller (SSC) by way of an RS232 connection.
The SSC takes an index, position, and speed value, m‘
and controls the corresponding servo on the
Lynxmotion Robotic Arm (the slave unit). The
current through each servo is measured as a voltage Fig. 4. A flex sensor
level, and then passed through a USB ADC A flex sensor, shown in Fig. 4, is a lightweight
connected to the server computer, which in turyomponent that increases resistance when bent In
passes it back to the client computer for processin - grger to convert the deflection measured into a

With the current measurement from ea_ch SeNVOyoltage signal usable by the computer, a simple
the_ client computer calculates the appropnatee‘orc_vonage dividing circuit, shown in Fig. 5, has been
being exerted on each servo. It then sends thiggeq

by Bilateral System

Fig. 3. Master-Slave control system

information through the USB ADC (which vt
incidentally has digital 1/0 as well) to the feedka
circuitry which in turn controls the haptic elemeiof |
the master unit. | Rua
o [
4.1. Master Slave Control . 2 T‘ —l;\n_l_ Visur
Methods for controlling master-slave robot @ ‘ . =R,
systems may be divided into two categories - g l o

unilateral control system and a bilateral control VL

system [13]. In a unilateral control system, shawn Ryz<
Fig. 3(a), no force feedback is available from the l
slave unit. The only form of feed to the mastert uni )

operator is in the form of vision data. Such a eyst Fig. 5. Amplifier for measuring bend
has the merit of having a simple controller and
mechanism; however dexterous manipulation is
difficult. Fig. 3(b) shows a bilateral control sget in ~ 4-1.2.  USBADCIDIO Interface

which force feedback signal, usually electrical, is  In order to get the analogue voltage signals into
available from the slave to the master control t.uni the computer program, a ADC Kit 8/8/8 board has
Although the controller and other mechanisms. been used. This board has 8 analogue inputs,
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8 digital inputs, and 8 digital outputs, and comes4.1.7. Current Detection

supplied with an application _programming interfa<_:es Given the fact that the applied torque of a motor
(APIs) for various programming languages, of whichjs girectly proportional to the current it drawbet
VB6 is one. easiest solution is to simply measure the curraohe
4.1.3. Client PC servo draws, convert it to an analogue voltage, and

Standard PC running Microsoft Windows XP then pass it through the USB ADC back to the

SP2 connected to an 802.11b/g Wireless Acces ;%%52% FiThéS can be achieved using the circuit
Point, with Windows networking enabled. g-©

4.1.4. Server PC 5. WEB CONTROL BASED

The server PC is a PCM-3375 single board A more widespread need for a web-enabled

533MHz VIA Mark CPU, 256MB RAM, 4GB solid have been undertaken. Published designs have made
state hard drive, with among other things, RS23 anuse of the GSM (cellular phone) network [11]. Using
USB connectivity. It has a wireless 802.11b/g usgthis carrier is excellent if coverage is a primeaern,
adapter, and is running Microsoft Windows XP Sp2however if large amounts of data need to be

with Windows networking as well. transmitted or operation over a long time is reegjr
data transfer cost can be prohibitively large. Abwe
4.1.5.  Servo Controller enabled service robot, which works as a tour guide,

The Serial Servo Controller (SSC) has 12 portshas been reported in [12]. The Web interface ctsisis
for controlling 12 servos, and communicates with th of modules concerned with displaying information
PC through RS232 at 9600 baud. It accepts a 3-byteuch as images and the robot’'s position. Web tools
serial command, consisting of a sync marker (255)which enable efficient and robust teleoperatioraof
servo number (0-11), and position (1-254). A foitr-b robot in unknown and unstructured environments are
speed factor is tucked into the upper four bitshef  detailed in [13]. The paper presents a system desig
servo number byte. Speed is expressed in 1/2enit for safe and reliable Web-based vehicle teleopmnati
frame with a frame rate of 50 frames per seconth wi and describes an active dynamic user interfacqd. [14
a value of 0 causing the servo to rotate as fast agetails a robot dog which is wireless, highly mebil
possible, 0.5 unit/frame taking 10.16s for fullgan and may be controlled over vast distance via the
rotation, and 7.5 unit/frame taking 0.68s for falhge  Internet using a common Java-enabled browser.
rotation. Two wireless standards are in common use-
416. Robotic Arm IEEE 802.11a/b/g or WiFi, and IEEE 802.15

e Bluetooth. These methods are somewhat similar but

The robotic arm is a Lynxmotion servo have a few points of difference that make them
controlled arm, utilising four Hitec HS-475 servo syitable for different applications. Bluetooth Hes
motors for the arm, an HS-422 for the base, an BIS-8power consumption, relatively short range and is
for the wrist, and an HS-81 for the gripper. Servo quite cheap. However it is designed to act as a
have been used as they are simple to control, cheagommunications link directly between two devices,

and lightweight. Each servo has a maximum rotatiorand does not lend itself easily to use within avoek
of 180°, and given the 256 positions available frominfrastructure.

the SSC, results in a resolution of 0.7° for eanha
5.1. Software
P A PC for the server was chosen because it allows
greater flexibility in programming; the possibilibf
internet control; and wireless communication has
Motor already been well established.
The program for this project is written in Visual

£ Vs Basic 6, and has the same program running on both
R% - — the server and client computers; however one must
JAVAYAY
_— R

& Servo

select if the computer is the server or clienthie t
program before anything will happen. On the server

‘ side, one just has to choose a port to listen ah an
3

then wait for a connection from a client. The dien
needs the IP address of the server and the port
= number it is listening to, and then can establithla

The wireless communications are handled by TCP/IP
Fig. 6. Measuring motor current for force feedback through the Winsock protocol.
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6. PROTOTYPE AND WORKING

It allows manual control of the robotic arm in
two different ways. When a position slider (scroll
bar) is changed (on the server side), the progra
immediately sends the required 3-byte command t 4l
the SSC containing sync byte, servo number, speed,
and position via RS232 communications. At the
speed the program runs at, coupled with 9600 baud
for the SSC, the movement is essentially
simultaneous, even when multiple servos are to be
moved. [5

On the client side, the user must press the “Send”
button after establishing a communications link (as
previously described) and setting the slider bahss
causes the program to poll the values of the dider
which it compiles into a string together with arsta
and end of transmission character, and then sends 6l
the server 5 times a second.

On receipt of the data, the server inspects the
string for the start and end characters, and theks p
out the correct servo number, speed, and position
values for that data block. It then moves theeskd
into the associated positions, which triggersm
communication with the SSC. The reasoning behind
sending each data stream as a set ‘block’ is tat t
data arrival event, which is triggered on the serve
upon receipt of data from the client, is inconsisia
the frequency at which it is triggered and in the
amount of data each transmission packet contains,
Because the robotic arm has two servos controllinj
the same axis of the shoulder joint, ports 4 antuSt
always have identical values.

[3]

7. DISCUSSION

In this paper author have presented force[g]
feedback technique with current sensing circuitny f
design of a web-enabled anthropomorphic robotic
arm. Initial testing of the slave, using software
sliders, has been completed. The remote contro
using the WiFi connection has also been succegsfull
implemented. The wearable master rig is still under
development. Control rig can be modified using
capacitive sensor.

REFERENCES

[1] G. Sen Gupta, S.C. Mukhopadhyay, Matthew
Finnie, “Design of a  Web-enabled
Anthropomorphic Robotic Arm for
teleoperation.” Dec 2008

J. Batlle, P. Ridao and J. Salvi, “Integration of a
Teleoperated Robotic Arm with Vision Systems
using CORBA Compatible Software” 30"
International  Symposium on  Automotive
Technology and Automation, Vol. Robotics,
Motion and Machine Vision in the Automotive
Industries, pp 371-378, Florence (ltaly),
Junel997.

(2]

Ori Ben-Porat, Moshe Shoham and Joachim
Meyer, “Control Design and Task Performance
in Endoscopic Teleoperation”, Presence, Vol 9,
No. 3, pp. 256-267, June 2000.

P. Arbeille, J. Ruiz, M. Chevillot, F. Perrotin,

P.H. Herve, P. Vieyres, G. Poisson,
“Teleoperated robotic arm for echographic
diagnosis in obstetrics and gynecology”,
Ultrasound in Obstetrics and Gynecology, Vol

24, No. 3, pp. 242-242(1), August 2004.

| Arbeille P, Poisson G, Vieyres P, Ayoub J,

Porcher M, Boulay JL, “Echographic
examination in isolated sites controlled from an
expert center using a 2-D echograph guided by a
teleoperated robotic arm”, Ultrasound Med Biol,
29(7), pp. 993-1000, July 2003.

Seung-kook Yun, Woosub Lee, Dongseok Ryu,
Sungchul Kang, “Development of Remote
Controlled Mobile Robot for Hazardous
Environment Application: ROBHAZ"Magazine

of Control, Automation and Systems
Engineering, Vol.10, No.4, pp35-42, 2004.

S.-C. Kang, C.-H. Cho, J.-H. Lee, D.-S. Ryu, C.-
W. Park, K.-C. Shin, M.-S. Kim, “ROBHAZ-
DT2 : Design and Integration of Passive Double
Tracked Mobile Manipulator System for
Explosive Ordnance Disposal’,Proc. of
IEEE/RSJ Int. Conf. on intelligent Robots and
Systems, Las Vegas, USA, pp.2624-2629 (2003).

8] Sales, J. Fernandez, R. Jimenez, J.M. Marin, R.

Sanz, P.J., “Telecontrol of an industrial robot
arm by means of a multimodal user interface: a
case study”|EEE International Conference on
Systems, Man and Cybernetics, 2004.

Martens, C. Ruchel, N. Lang, O. Ivlev, O.
Graser, A.“A FRIEND for assisting handicapped
people” , IEEE Robotics & Automation
Magazine, Mar 2001 Volume: 8, Issue: 1, pp. 57

[10]G. Sen Gupta, R. Paddison, C.H. Messom, S.

Demidenko, “Wireless Master-Slave Embedded
Controller for a Teleoperated Anthropomorphic
Robotic Arm with Gripping Force Sensing”,
International Conference on Systems (ICONS
2006) , 23-29 April 2006 pp. 164.

[11]W. Uttal, “Teleoperators,” Scientific America,

261, pp. 74-79, December 1989.

[12]Makaya, F.D., Chatelain, D., Snyman, L.W.,

“Design and performance assessment of a
prototype wireless controlled robot”12th
International Symposium on Electron Devices for
Microwave and Optoelectronic Applications,
EDMO 2004, 8-9 Nov 2004, pp 115-118.

[13]Semere, W.; Kitagawa, M.; Okamura, A.M.,

“Teleoperation with sensor/actuator asymmetry:
task performance with partial force feedback”,
Proceedings of the 12th International Symposium

on Haptic Interfaces for Virtual Environment
and Teleoperator Systems, HAPTICS

'04, 27-28 March 2004 Page(s):121-127.



