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Abstract. For experiment platform of robot teleoperation control system requires expensive robot
and master equipment, a method of robot construction of 3D simulation system for robot
teleoperation is presented. According to the analysis of composition of robot teleoperation control
system, the master equipment of Delta parallel mechanism is chosen, Delta parallel robot and
SCARA serial robot is chosen as the slave-robot, and TCP/IP protocol network is chosen as
communication model between the master and the slave. According the study of the kinematics
algorithm for the master and the slave for robot teleoperation system, and the study of control
algorithm for robot teleoperation system, the 3D dynamic simulation system for robot
teleoperation control system is developed by use of the mixed programming of MFC and OpenGL.
The practical simulations verify the reliability ofthe control algorithms of robot
teleoperation control and the communication model, and show the value of the simulation system of
teleoperation in the research for the robot teleoperation control.

1. Introduction

Teleoperation system is a complex control system, by which the remote device can complete the
complex operation in the environment away from the operator. Robot teleoperation as an
indispensable robot control method in the process of roboth as been studied and a keen height the
opinion by many experts and scholars[1-2].Robot teleoperation control system platform needs some
expensive equipment such as the master equipment and the slave robot, people have to give up the
research on Robot teleoperation control system because of funding problems in some
cases.Therefore, the developmentof3D robot teleoperation control simulation platform has
important significance for the study of control algorithm in the robot research field[3].

The master as the interaction equipment by which human control the remote robot,and the force
feedback is often added to it to feel the movement states of the robot.The characteristic of parallel
mechanism determines the force feedback can be added to it better [4], and Delta as a very
successful parallel mechanism is trusted deeply by the researchers[5].Robot teleoperation control
includes mainly the master-slave isomorphism control and the master-slave isomeric control
according to the different mechanism, so that the research on isomorphism control and isomeric
control is another important problem. Meanwhile, OpenGL as a kind of excellent graphical
programming interface, it has strong ability of construction of 3D graphics, and far more excellentin
graphics performance than MATLAB that often be used in the study control algorithm, and which
has been widely favoured in robot simulation fields [6].

In this paper,the 3D model of Delta parallel master, isomorphism Delta slave robot and isomeric

SCARA slave robot, the master simulation platform and the slave simulation platform are
designed, the communication system between the master and the slave is built, and the verification
for the reliability of the control algorithms and stability of the simulation system is conducted in
experiments.
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2. The Kkinematic and 3d simulation of the master-mechanism

Fig.1:The structure of kinematics modeling for Delta parallel mechanism

As can be seen from Fig.1, the static platform of parallel mechanism is constituted of point™,

M:and Ms, and the moving platform is constituted of points™1,V:and™s. Points 4 4 and % are the

middle point of the three sides of the static platform, and Points 1, ©>and © are the middle point of

the three sides of the static platform. R and r are the radius of inscribed circle of the static platform
and the moving platform, © and %2 are the length of master rod and slave rod, H is the length in the
two middle points of the static platform and the moving platform. According to the movement
characteristics of the mechanism, the base coordinate system is placed in the center of the static
platform.

2.1 Inverse kinematics analysis of the master-mechanism

The kinematics of parallel mechanism can't be analysed by traditional d-h method, so x,y and z is

the end coordinates of the master-mechanism,?,% and & are the three driving rod rotation angles,al ,

9 and % are the angles from axis-x to the 94,94 and 94 1,0=210°

2 an . As can be seen from Fig.
0,=330°  9,=90" _

According to the first drive branched chain relationship with the mechanism, the following
formula is gotten:

BC =OP-04, - 4B -GP (1)
X cosd, —sind, O][R
OP=|y|, OA,=|sind, cosd, 0|0,
z 0 0 1]0
cosd, —sind, 0][L cosd, |
AB, =|sind, cosd, 0 [0 ,
0 0 1][Lsino, |

cos0, —sind, 0| -r
CP=|sind, cosd, 0|0 |,
0 0 10
Then from formula (1), formula(2)can be gotten
|B,Ci=OP- 04~ 4B, - C,P @
Then from formula (2), formula(3)can be gotten
[(x+r1cosd, — Rcosd,)—L,cos 0, cos &, ]’ +[(y+1sind, — Rsind,)— L, sind, sin§, ]’ + 3)
[z-L,;sing'-1; =0

Next:

u, =x+rcosd, —Rcoso, »
v, =y+rsind, —Rsino, ,
m, =—2u,L, cos0, —2v,L,sin0, »

n = —2ZL1 ’
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po=ul +v +22+ L -1,
Then formula(4)can be gotten
m, cosé, +n,sinb, +p, =0 “)

Then % can be gottenFrom formula (4). Similarly, % and % can gotten..
2.2Forwardkinematics analysis of the master-mechanism

According to 6% and % ,getting the x, y and z is the forwardkinematics of master-mechanism.

Given the following #',“ and #' according toformula (3):
@,=rcos0, —Rcos0, —L,cos0, cos b, ,

®,=15in0, —Rsin 0, —L,sin 0, cos G, ,

p=—L;sing,
(X+¢1)2+(Y+ 0)1)2 +(Z+pl)2 :L22 (5)
Similarly,
(x+ @, )+ (y+ o, Y+ (z+ pz)2 = L22 (6)
(X+ ¢3)2 +(y+ w})z +(Z+ p3)2 :L22 (7)

The equations can be gotten according to (5), (6) and (7), the result ofthe forwardkinematics of
can be calculated using the equations.

2.3 3D simulation of the master-mechanism

OpenGL is a kind of packet interface that dependent of software and hardware, and can run on
multiple operating system.OpenGL is designed according to the principle of computer graphics, and
with strict and excellent 3D graphics standard.It has powerful ability of 3D design, and animation
and simulation run the effect of realistic and smooth by it. It is suitable for robotsimulation research.

According to the motion characteristics of Delta parallel master-mechanism and each component
shape, the 3D simulation of Delta parallel master-mechanism is following Fig.2.

Fig.2:3D simulation of Delta parallel master-mechanism

The basic parameters for the Delta parallel master-mechanism as shown in Table 1.
Table 1:The basic parameters for the Delta parallel master-mechanism

R r L, L,

length(cm) 20 4 20 50

3. Thekinematic and 3d simulation of the slave robot

Two kinds of structure of robot are designed in the simulation system, but becausethe
slaveDeltaparallel robot and Delta master-mechanism have the same structure, kinematics of the
SCARA serial robotis analysedin the following, and the structure of kinematics modeling forthe
SCARAserial robot is following Fig.3.
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Fig.3:The structure of kinematics modeling fortheslaveSCAR Aserial robot

3.1 Forwardkinematics analysis ofthe slaveSCARAserial robot

Because of the SCARA robot is a serial mechanism, the traditional D-H method is used for
model and analysis of kinematics. According to the kinematicsmodelingin Figure 3, the D-H

parameterisobtained as shownin the followingTable 2.
Table 2:The D-H parameters of SCARA robot

i a,, a., d, 6,

1 0 0 6,
2 0 0 d 0
3 0 0 d, o,
4 0 L, d, o,
5 0 Ly d o,

In order to simplify the calculation, make L=l =1 According to the table of D-H
parametersabove, I can be obtained in the following.
cos(6,+0,+60,+6,) -sin(6,+6,+6,+0,) 0 L*(cos(f, +06,+06,)+cos(6,1+6,))
Sin(0,+6,+6,+6,) cos(6,+0,+0,+6,) 0 L*(sin(6, +6, +,)+sin(6,+6,))
0 0 1 d +d,+d,+d,
0 0 0 1

]’;0 — 7’{0]121]';27:‘37';4 —

(®)
The forwardkinematics of SCARA robot can be obtained according to (8).

3.2Inversekinematics analysis of the slaveSCARAserial robot

The inversekinematics of SCARA robot is that the robot joint angle is obtainedaccording to the
position and posture of robot. Because of the SCARA robot is serial mechanism,so that the solution
of the inverse kinematics of SCARA robot can use the traditional method of separation of variables.

The solution results are as follows.

- arctan 2= , p,>=0
Py
0,=1180 - arctan 2= p.<=0,p <0
1 p B x S Py
Py
-180 - arctan—, p >0,p <0
p, ’
21 -P; - P}
=41 Xy
6,=+ A arccos e
0, =180-26,
6,=6,-90 ©)]

3.3 3D simulation of the slave robot
According to the motion characteristics of Delta parallel robot andSCARAserial robot, the 3D
simulation of the two kinds of robot is following Fig.4 and Fig.5.
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Fig.4:3D simulation of Delta robot Fig.5:3D simulation of SCARA robot

The basic parameters for theslaveDeltaparallel robot as shown in Table 3
Table 3:The basic parameters for the Delta robot

R r L L,

length(cm) 20 4 20 50

The basic parameters for the slaveSCAR Aserial robot as shown in Table 4
Table 4:The basic parameters for the SCARArobot

d, d, L, L

length(cm) 5 5 5 30 30

4. TheCommunication platformof3d robot teleoperation simulation system

In the robot teleoperationcontrol system, communication platform with correctness and stability
of data transmission is one of several most important points.Because the TCP protocol is a
connection oriented, reliable transmission protocol, it has the characteristics of retransmission for
the packet loss, out of order processing and data flow control, by which can guarantee reliability
data transmission between the master and the slave. Andthe system uses TCP/IP as the
communication protocol of the master and the slave.

Meanwhile, the robot teleoperation control system demands data transmission timely, and reduce
transmission delay.About the traditional TCP communication, the client initiates a connection, and
will shut down the connection immediately after the data is sent.The clientinitiates a new
connectionagain when there is data to be sent, so that process of connection and close will be
repeated ,which is a waste of a lot of time of data transmission.

So the TCP communication protocol based on the long connection is used in the control system,
by which the establishment of connection in the client and the server will not be close because of
one end of the data transmission. Thus, the heartbeatcheck is required, conduct the real time
monitoring of connection between the client and the server, to carry out data transmission control.
And the detailed process is following Fig.6

Fig.6:TCP communication framework based on a long connection
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5. The control algorithm ofmaster-slave teleoperation

The master-slave control algorithm is different betweenthe master-slave isomorphism robot and
the master-slave isomeric robot in the robot teleoperationcontrol system.In the control system, the
control of Delta robot is an isomorphism control, and the traditional"joint — joint" control method is
used, by which directly totransferinformation of each joint angle of the master to the slave, and it
can meet the control requirements of the master-slave isomorphism teleoperation.

Becauseof the differences in the master-slave structure and degrees of freedom for the control of
SCARA robot, the "joint — joint" control method can’t be used. Thus, it need adopt the "joint - pose
- pose - joint" control method, namely the end pose data of the master is firstcalculatedaccording to
each join angle of the master’smovement, and get the end pose data of the slave through the
mapping operation of master-slave hand movement space, finallyconvert the end pose information
of the slave to each joint angle of the slave numerical setting and control directly the slave
movements through the angles data of the slave.The specific process is shown in belowFig.7.

The master

E g sampl
ncoder sample -

Axis angle

The slave

Axis angle

Negative kinematics

Positive kinematics L
Position j

Position i T

H Position j-1 ‘
Pick the L,,,,,
“ of Num.j
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of Num.i

Position at 7},

L,.. [ Spacemapping — L 1N

slave

Fig.7:The master-slave control process of the master-slave isomorphism

About the problem of space mappingof master-slave isomeric control, due to the difference in
movement space and coordinate system betweenmaster kinematics model and slave kinematics
model, so it cannot be directly mapped. The incremental-driven algorithm is taken, namely
throughthe positionincrementof the master intwo continuous time, then the position increment in the
coordinate system of the slave is gotten through the space mapping method. Thus, the position
change of the master can directly map the movement of the slave. The space
mappingincludestransformation of the direction and transformation of increment in length.

The coordinate system for robot kinematics model of the master and the slave is shown in the
Fig.8.

Fig.8:The coordinate system for robot kinematics mode of the master and the slave

Transformation in direction for the mapping relationship is shown in the following Table 5.
Table 5:Transformation in direction for the mapping relationship

Coordinate axis The master The slave
1 X Y
2 Y -Z
3 V4 -X
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Transformation of increment in lengthfor the mapping relationship is shown in thebelow.



K =1, To be consistent in length increment

master K >1, Toimprove the control precision

k=

L. . and 0<K <1, To expand the operation space

6. The design and experiment in robot teleoperation simulation system

The simulation platform ofrobot teleoperation control system is developedin the Windowssystem.

In view of the simulation platform needs the powerful graphical tools do support, OpenGL as a
kind of excellent graphics developmentinterfacecan be closely combined with Windows, so that the
simulation platform is developed with the method of mixed programmingcombinedMFC with
OpenGLin the Windowssystem.

6.1Design of simulation platform ofrobot teleoperation control system

Basic elements of
OpenGL
OpenGL module of
robot
OpenGL 3D
» Robot model graphics layer
Manual | = e — — — — — — — — ¢ ________
operation H

P Window for Human Main MFC Window | - uman-f:omputer
computer interaction amn tndo interaction layer

Data
communication

Listen to the data
Transmission request

Network
transport layer

control algorithm
layer

Master-slave control
algorithm

Mcchanism
kinematics algorithm |

Fig.9:The software architectureof simulation platform

As Figure 9 shows, the simulation platform is composed of software structure included OpenGL
3D graphics layer, human-computer interaction layer, network transport layer and control
algorithmlayer.

OpenGL 3D graphics layeris mainly composed of the basic elements drawn by OpenGL ofeach
mechanism module of the master or the slave, and then the each mechanismmodule is
assembledinto the whole master or the whole slave. The human-computer interaction layer include
mainly manual control and state observation based on MFC dialog and OpenGL interactive
technology,the network transport layer is used asdata transmission between the master and the slave,
and the control algorithm layer mainly include kinematics algorithm of the master or the slave and
master-slave control algorithms.

6.2The simulation experiment and experiment result

In order to verify the reliability of the simulation system, the experiment is carried out that the
master simulation platform controls the slave simulation platform ofmaster-slaveisomorphism
mechanism and the slave simulation platform master-slavealgorithms mechanism.Shown in Figure
10 and Figure 11,master-slave isomorphism robot and the master-slaveisomeric robot are
controlledrespectively by the master. Through the analysis of the control data of the master, the
operation data of the slave and the motion of simulation model, the stability of the whole logic
architecture and the reliability of algorithm of the simulation system.
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Fig.11:The master controls the slave of master-slaveisomeric mechanism

7. Conclusion

In the analysis ofkinematics algorithm of the master and the slave, the 3D simulation model of
the master and the slave are established, a long-time connection mode of TCPcommunication model
is designed,the master-slave control strategy is studied,and the robot teleoperation simulation
system is constructed. The simulation results verify the reliabilityof the robot control algorithms and
the master-slave control strategy, and the stability of the teleoperation simulation platform. Thus,
simulation system achieved the aim for verification and analysis of controlalgorithms of robot
teleoperation. The simulation system is easy to operate, the motion data and motion state can be
shown in the simulation system. As atool of verificationstrategy and algorithm of robot
teleoperation control, it has high research value.

Acknowledgements

The research work was supported by the National High Technology Research and Development
Program (“863” Program)of China 2013AA041005.

References

[1] Ma Liang, Yan Jihong, Zhao Jie, Chen Zhifeng.Virtual Environment-Based Multi-Operator
Multi-Robot Cooperative Teleoperation System[J].Robot,2011,02:169-173.

[2] Shafiqul Islam,Xiaoping P.Liu,Abdulmotaleb EI Saddik,LakmalSeneviratne,Jorge Dias.
Control Schemes for Passive Teleoperation Systems over Wide Area Communication Networks
with Time Varying Delay[J]. International Journal of Automation and Computing,2014,01:100-
108.

[3] Tang Yusong, Liu Jingtai,Lu Guizhang. Analysis of teleroboticcontrollingsystem based on
remote networktechnology[J].Robot,2000,01:67-72+80.

[4] Stapornchaisit, S.; Mitsantisuk, C.; Srisonphan, S.; Chayopitak, N.; Koike, Y.Micro-macro
bilateral in task space for delta robot by using forward and inverse kinematic. TENCON 2014 -
2014 IEEE Region 10 Conference, vol., no., pp.1,6, 22-25 Oct. 2014.

[5] Angel L, Bermudez J, Munoz O. Dynamic optimization and building of a parallel delta-type
robot [C].Proceedings of the Robotics and Biomimetics (ROBIO), 2013 TEEE International
Conference on, IEEE, 2013: 444-9.

1004



[6] Chen Wei, Chen Yimin, Wang, ChenMing. Research on virtual simulation and control of robot
[J]. Computer Engineering and Design, 2010,20:4455-4458+4496.

1005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




