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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 of the 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. 
  

International Conference on Applied Science and Engineering Innovation (ASEI 2015) 

© 2015. The authors - Published by Atlantis Press 997



2. The k

As can 
2M and 3M ,

middle poi
the three si

and the mo
two middl
characteris
platform. 

2.1 Invers

The kin

the end coo
2  and 3  a
2 =330 。

、 3

Accordi
formula is 

Then fro

Then fro

Next: 

kinematic an

Fig.1:

be seen fro

, and the m

int of the th
ides of the 

oving platfo
le points of
stics of the 

e kinemati

nematics of p

ordinates of

are the ang
3 =90。

。 
ing to the 
gotten: 

om formula

om formula

nd 3d simu

:The structur

om Fig.1, th

moving platf

hree sides of
static platfo

orm, 1L  and 
f the static 
mechanism

cs analysis 

parallel mec

f the master

les from ax

first drive 

OP


a (1), formu

a (2), formu

1

[(x rc

[ Lz





ulation of th

re of kinemat

he static pla

form is cons

f the static p
orm. R and 

2L  are the l
platform a

m，the base

of the mas

chanism can

r-mechanism

xis-x to the

branched c

x

y

z

 
   
  

， 2OA


1

1 1 1

cos

sin

0

AB


 




1

cos

sin

0

C P


 




la(2)can be 

la(3)can be 
1

2 2
1 2

os cos

sin ]

R

L

  

 

1u x 

1v y 

1 1m 2u 

 

he master-m

tics modelin

atform of pa

stituted of p

platform, an
r are the ra

length of ma
and the mov
e coordinate

ster-mecha

n't be analy

m, 1 , 2  and 

e 1OA


, 2OA


and

chain relati

1 1BC OP 
 

2

2 2

cos

sin c

0

 
 




1 1

1 1

sin 0

cos 0

0 1

  
 


1 1

1 1

s sin

n cos

0

  
 

 gotten 

1 1B C OP
 

 gotten 
1 1 1) L cos co

0

 



1cos cr R  

1sin sr R  

1 1 1 1cos 2L v 

1 1n 2zL  ，

mechanism

g for Delta p

arallel mech

points 1N , 2N

nd Points 1C

adius of insc

aster rod an
ving platfo
e system is 

nism 

ysed by tradi
3  are the th

d 3OA


. As c

ionship wit

1 1 1OA AB  
 

2

2

sin 0

cos 0 0

0 1 0

R   
   
  

1 1

1 1

cos

0

sin

L

L

 
 
 
   

，

0 r

0 0

1 0

  
  
  
    

，

1 1 1OA A B  
 

2
1os ] [(y r  

1cos ， 

1sin  ， 

1 1sinL  ， 

 

m 

 
parallel mech

hanism is c
2 and 3N . Poi

, 2C and 3C  a
cribed circle

nd slave rod
rm. Accord
placed in t

itional d-h m

hree driving

can be seen

h the mech

1C P


 





， 

 

1C P


 

1sin sinR  

hanism  

constituted o

ints 1A , 2A and

are the midd
e of the stat

d, H is the le
ding to the 
the center o

method, so 

g rod rotatio

n from Fig

hanism, the

   

   

1 1 1) L sin s  

of point 1M ,

d 3A  are the

dle point of
tic platform

ength in the
movement

of the static

x,y and z is

on angles, 1

.1, 1=210 。

、

e following

 (1)

 (2)

2
1sin ] +

 (3)

,

e 

f 
m 

e 
t 
c 

s  

,

g 

) 

) 

) 

998



Then fo

Then 1

2.2Forwar

Accordi

Given th

Similarl

The equ
can be calc

2.3 3D sim

OpenGL
multiple op
with strict 
and simula

Accordi
shape, the 

The bas

3. Theki

Two ki
slaveDeltap
SCARA se
SCARAser

ormula(4)ca

can be gott

rdkinemati

ing to 1 , 2  a

he followin

ly, 

uations can 
culated usin

mulation of 

L is a kind 
perating sys
and excelle

ation run the
ing to the m
3D simulati

sic paramete
Tabl

inematic an

inds of str
parallel rob
erial roboti
rial robot is

n be gotten 

tenFrom for

ics analysis

and 3 ,gettin

ng 1 , 1  and

be gotten a
ng the equat

the master

of packet i
stem.OpenG
ent 3D grap
e effect of r

motion chara
ion of Delta

Fig.2:3D 

ers for the D
le 1:The basi

nd 3d simul

ructure of 
bot and Del
s analysedi

s following F

2
1 1p u

rmula (4).  S

s of the mas

ng the x, y a

d 1  accord
1 1= rcos  

1 1= rsin  


(x 

(x 
(x 

according to
ions. 

r-mechanis

interface tha
GL is design
phics standa
ealistic and
acteristics o
a parallel m

simulation o

Delta paralle
ic parameters

lation of th

robot are 
lta master-m
in the follow
Fig.3. 

 

2 2 2 2
1 1v z L  

1m co

Similarly, 

ster-mecha

and z is the 

ding toformu
1 1cos LR  

1 1sin LR  

1 1 1= L sin 
2 2

1 1) (y )  

2
2 2) (y )  

2
3 3) (y )  

o (5), (6) an

m 

at dependen
ned accordin
ard.It has p

d smooth by 
of Delta par

master-mech

of Delta para

el master-m
s for the Del

he slave rob

designed 
mechanism 
wing, and 

2 2
1 2L ， 

1 1 1os sinn 

2 and 3 can 

anism 

forwardkin

ula (3): 
1 1 1cos cos ,

1 1sin cos ,

1 , 
2 2

1(z )  

2 2
2(z )  

2 2
3(z )  

nd (7), the r

nt of softwa
ng to the pr
owerful abi
it. It is suit

allel master
anism is fol

 
llel master-m

mechanism a
lta parallel m

bot 

in the sim
have the s

the structur

1 0p   

gotten.. 

nematics of 

2
2L    

2
2L    
2

2L    
result ofthe

are and hard
rinciple of c
ility of 3D 
able for rob
r-mechanism
llowing Fig

mechanism 

as shown in 
master-mecha

 

mulation sy
same structu
re of kinem

   

master-mec

   

   
   

e forwardkin

dware, and 
computer gr
design, and

botsimulatio
m and each 
g.2. 

Table 1. 
anism 

ystem, but 
ure, kinema

matics mode

 (4)

chanism. 

 (5)

 (6)

 (7)

nematics of

can run on
raphics, and
d animation
on research.
component

becausethe
atics of the
eling forthe

) 

f 

n 
d 
n 
.  
t 

e 
e 
e 

999



3.1 Forwa

Because
model and
parameteri

In orde

parameters

0
5T T

 

(8) 
The forw

3.2Inverse

The inv
position an
of the inve

The solu

3.3 3D sim

Accordi
simulation 

Fig.3:T

ardkinemat

e of the SC
d analysis 
isobtained a

er to simp

sabove, 
0

5T  c

0 1 2 3 4
1 2 3 4 5T T T T T

wardkinema

ekinematics

versekinema
nd posture o
erse kinemat
ution result

mulation of 

ing to the m
of the two 

Z

The structure

tics analysis

CARA robo
of kinemat

as shownin t
Tabl

plify the c

can be obtai

 =

1

1

cos( +

sin( +

 
 








atics of SCA

s analysis o

atics of SCA
of robot. Be
tics of SCA
s are as foll

the slave r

motion char
kinds of rob

X1
Y1

Z1
X2

Y2Z2
X3

Y3
Z3

X0

Y0Z0

e of kinemati

s ofthe slav

ot is a seria
tics. Accord
the followin
le 2:The D-H

alculation, 

ined in the f
2 3 4

2 3 4

+ + ) -s

+ + ) co

0

0

  
  

ARA robot

of the slave

ARA robot 
ecause of the
ARA robot c
lows. 

1

- arctan

= 180 - arc

-180 - ar













2
1= a2 

3 180  

obot 

racteristics 
bot is follow

 

1

2

3

X4

Y4Z4

Z5

ics modeling

veSCARAs

al mechanis
ding to the
ngTable 2.
H parameters

make 4L =

following.
1 2 3

1 2 3

sin( + + +

os( + + +

0

0

  
  

can be obta

eSCARAser

is that the r
e SCARA r

can use the t

,

ctan ,

rctan ,

x
y

y

x

y

x

y

p
p

p

p
p

p

p
p

p

22
arccos

2

L P

L



22   

4 2 90  

of Delta pa
wing Fig.4 a

X5

Y5

g fortheslave

erial robot

sm, the trad
e kinematic

of SCARA 

= 5L = L .A

4

4

+ ) 0 *(

+ ) 0 *

1

0

L

L




ained accord

rial robot

robot joint 
robot is seri
traditional m

0

0, 0

0, 0

y

x y

x y

p

p p



 

 

2 2

2
X YP P

L

   

  
0   

arallel robo
and Fig.5.

 
SCARAseria

 

ditional D-H
csmodelingi

robot 

 

According t

1 2

1 2

2

(cos(

(sin(

+ +

1

d d d

  
  
 
 

ding to (8). 

angle is ob
ial mechanis
method of se

0

0

 

 

t andSCAR

al robot 

H method 
in Figure 3

to the tabl

3 1 2

3 1 2

3 4

)+cos( +

)+sin( +

+d d

  
  

btainedaccor
sm,so that t
eparation o

   

RAserial rob

is used for
3, the D-H

le of D-H

2 ))

))






  

rding to the
the solution
f variables.

 (9)

bot, the 3D

r 
H 

H 

e 
n 

) 

D 

1000



The bas

The bas

4. TheCo

In the ro
of data tra
connection
the packet 
data trans
communic

Meanwh
transmissio
will shut 
connection
repeated ,w

So the T
by which t
one end o
monitoring
And the de

 

Fig.4:3D

sic paramete

sic paramete

ommunicat

obot teleop
ansmission 

n oriented, r
loss, out o

smission be
ation protoc
hile, the rob
on delay.Ab
down the 

nagain when
which is a w
TCP commu
the establish
of the data 
g of connec
etailed proce

Fi

D simulation 

ers for thesl
Table

ers for the s
Table 4

tion platfor

erationcont
is one of 

reliable tran
of order pro
etween the
col of the m
bot teleoper
bout the tra

connection
n there is d

waste of a lo
unication pr
hment of co
transmissio

ction betwee
ess is follow

g.6:TCP com
 

of Delta robo

laveDeltapa
e 3:The basic

laveSCARA
4:The basic p

rmof3d rob

trol system, 
f several m
nsmission p
ocessing and
e master a
master and th
ration contro
ditional TC
n immediat
data to be 

ot of time of
rotocol base
onnection in
on. Thus, t
en the clien
wing Fig.6

mmunication

 

  
ot  Fig.

arallel robot
c parameters 

Aserial robo
parameters fo

bot teleoper

 communic
most import
protocol, it 
d data flow

and the sla
he slave. 
ol system d

CP commun
tely after t
sent, so th

f data transm
ed on the lo
n the client
the heartbe

nt and the se

n framework 

5:3D simula

t as shown i
for the Delta

ot as shown
for the SCAR

ration simu

cation platfo
tant points.
has the cha

w control, b
ave. Andth

demands dat
nication, the
the data is

hat process
mission. 
ong connect
t and the se
eatcheck is 
erver, to ca

based on a lo

ation of SCAR

n Table 3 
a robot 

 
n in Table 4 
RArobot 

ulation syst

orm with co
Because th
aracteristics
y which ca

he system 

ta transmiss
e client initi
s sent.The 
of connect

tion is used
erver will no

required, c
rry out data

 
ong connecti

 
ARA robot 

 

tem 

orrectness a
he TCP pro
s of retransm
an guarantee

uses TCP

sion timely, 
iates a conn

clientinitia
tion and clo

d in the cont
ot be close 
conduct the
a transmissi

ion 

and stability
otocol is a
mission for
e reliability
/IP as the

and reduce
nection, and
ates a new
ose will be

trol system,
because of

e real time
ion control.

y 
a 
r 
y 
e 

e 
d 
w 
e 

, 
f 
e 
. 

1001



 

 

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. 

iT

-1iT

masterL slaveL slaveL

slaveL

 
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 Z -X 

Transformation of increment in lengthfor the mapping relationship is shown in thebelow. 
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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 

 
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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