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Vodenje kamere preko interneta 

Povzetek: V članku je predstavljeno vodenje 
kamere preko interneta, ki zajema živo sliko iz 
okolice. Vodenje kamere oz. mehanizma smo 
izvedli z xPC Target operacijskim sistemom 
programskega paketa MATLAB/Simulink 
preko multifunkcijske računalniške kartice. 
Kartico smo namestili v server računalnik, ki 
se uporablja za vodenje mehanizma in 
zajemanje slike iz kamere. Sama kartica 
tokovno in napetostno ni sposobna poganjati 
dveh servomotorjev v mehanizmu, zato je bilo 
potrebno zgraditi ustrezen vmesnik z 
elektroniko, ki bo vseboval vse potrebne sklope 
za izvajanje položajne regulacije dveh 
enosmernih servomotorjev mehanizma in 
njihovo tokovno zaščito. 

1 Introduction 

Training operatives to work with remote 
equipment, which is needed for carrying out 
profitable work tasks (e.g. production line 
robots) or when the work is of a complex and 
safety critical nature (e.g. nuclear environments, 
explosive placement, surgery) has long proved 
problematical. In all cases, the feedback of rich 
data from the physical hardware site to the 
operator site, via Internet or Mobile 
Communications links, although bandwidth 
limited and contains uncertain delays [1], is 
highly desired. 

A teleoperating is a technical discipline, 
which remotely control the mechatronics system 
[2], [3]. The private or public information 
network (Ethernet) could be used for 
transmitting commands from the user to 

mechatronics system and live video, captured 
with a camera, from the remote mechatronics 
system to the user. The reason, why to use the 
Ethernet information network are: wide-spread 
of Ethernet around the globe and its inexpensive 
maintaining and purchasing costs. The 
disadvantage of an Ethernet use is a periodical 
overloading of network, which causes the 
unpredictable delay of captured live video [4]. 

A camera teleoperation via Internet is 
presented in the paper. The user uses his own 
computing resources (personal computer) for 
man-machine communication (Fig. 1), where 
VRML (Virtual Reality Model Language) 
model of the camera mechanism is built to help 
the user easier to understand commands to the 
machine. The internet is used as communication 
network to the remote computer which control 
the two degree of freedom (D.O.F) mechanism. 
The additional personal computer captures the 
live video from the camera and sends it back to 
the user computer, via internet. 

The design of the complete teleoperated 
mechatronics system is shown in the paper: a 
design of a position controller for two D.O.F 
mechanism with MATLAB/Simulink design 
tool, a design of an interface electronics (power 
electronics and fault protection), a mechanism 
design and a design of software interface for 
internet communication with 
MATLAB/Simulink/xPC operating system [5], 
[6]. 
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Fig. 1: Teleoperation via Internet 

 

Fig. 2: Connection of the I/O card to motors 
through the interface with electronics 

2 Interface with electronics 

2.1 Interface circuit 

A multifunctional I/0 computer card with two 
analog outputs (control of DC servomotors), 
two analog inputs (measuring of the electric 
currents, which run through the motors) and two 
digital inputs for two increment encoders for 
control of the mechanism in the closed loop 
were needed. 

An A/D card (AD PC26AT) is used to 
measure DC servomotor currents of both 
motors. The control voltage value is send to the 
power electronic block via D/A card (DA 
PC24). A card with inputs for two increment 
encoders is used for counting pulses of 
increment encoders in motors. 

A card for increment encoder was made in the 
Institute for robotics on our faculty but only 
with inputs for one increment encoder, so it was 

completed with inputs for the other increment 
encoder. 

The cards are placed into the personal 
computer (PC) which is being driven by xPC 
Target operational system. This PC is being 
used for control of the mechanism and is at the 
same time also a server. It is connected to the 
user’s PC through the LAN network. A Matlab 
6.1 program package for programming xPC 
computers is placed on the user’s PC, and the 
PC with a framegraber is also being used to 
capture live video from the camera and sent it to 
the user via LAN. 

It was necessary to build a suitable interface 
with electronics (Fig. 2), which contains all the 
necessary parts for control of two DC 
servomotors, because of the disability of the 
used cards to drive (enough powerful current 
and voltage) both DC servomotors in the 
mechanism: 

• AC-DC adapter for charging of the 
operating amplifiers, 

• power amplifiers for motors with 
differential input and circuit for DC 
servomotor current measuring,  

• circuits for pulse formation of the 
increment encoders and 

• circuit for over current protection of the 
motors. 

2.2 Structure of the electronics actuator 
devices 

2.2.1 Power amplifiers for motors with 
differential input and circuit for measuring of 
the current of the motor: Analog signal for 
regulation of the motors, which is provided by 
the D/A card, needs to be amplified (current and 
voltage). Suitable amplifier was built based on 
the operating amplifier SGS Thomson, L165. 
Since two motors are regulated, two amplifiers 
are needed. Next to amplifiers there are also two 
differential inputs for annulment of the 
disturbance and two circuits for measuring of 
the current in the motors. 
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The signal is being brought to the differential 
input, which is built by one of four operating 
amplifiers, which are located in one integrated 
circuit TL084 (casing N DIP14). The amplifier 
operates based on the amplifying of the 
difference in signals of both junctions. The 
connection wires need to be led through the 
same way. When a disturbance in the 
connection wires is induced, based on the 
electromagnetic radiation, the disturbance 
induced in both wires are the same (common 
made of operation), so they are subtracted 
(annihilated). On this way only the signal is 
transferred through the amplifier. 

The circuit for the current measuring is made 
based on an equal operating amplifier as the 
differential input. The electric current, which 
runs through the motor, is measured indirectly, 
by measuring of the descent of the voltage on 
the resistor. Resistor is connected to a series 
with the motor and is very small, so the inner 
resistance of the motor is not affected by 
resistor. 

2.2.2 Circuit for over current protection of the 
motors: The purpose of the protection circuit is 
the protection of the DC servomotor against the 
overloading, and also the protection of the 
camera-mechanism against mechanical damages 
as well as the protection of the connecting 
cables of the motor and the camera. 

The Hardware protection is completely 
independent from I/O computer cards and was 
built in electronic interface. In this way, the 
influence of the computer, I/O computer cards, 
operating system and operating program is 
eliminated and the reliability of the protection is 
increased. 

The measured current (indirectly by 
measuring the voltage), was used as the main 
information by the function of the protection 
circuit – the disconnection of both motors. This 
is the reason why the protection is made without 
any end-switches. 

There are mechanical blockades on the 
mechanism, placed in both directions in extreme 
positions. By normal operation, the mechanism 

is turned the other way, before the extreme 
position and the mechanical blockade are 
reached. If an error in control algorithm of the 
camera occurs and the mechanism collides with 
the mechanical blockade, the current of the 
motors is increased. When the boundary, which 
was set in the protecting circuit, is reached, both 
motors are disengaged by the protection, 
regardless of the fact, that the protection was 
activated by only one of them. 

Because of the specific characteristics of the 
motors (the thermal time constant of the rotor 
and stator) the comparison between the 
measured current and a certain reference value 
is not sufficient, so the square of the current was 
used. The motor losses depend on the square of 
the current. When the square of the current is 
multiplied by a constant, which is the resistance 
of the servomotor Ra, a value, that suits the 
power, spent at the motor, is obtained. 

After that, the signal is filtered. A short-term 
overloading of the servomotors caused by the 
start or fast movements is allowed. The time 
constant of the filter is set on τ=1 s and it is 
required to be lower then the thermal constant 
of the motor. The signal and the pre-set 
reference value are being compared by the 
comparator and by the transgression of the value 
the motor is disengaged by the comparator 
through the relay. The principle of the operation 
of the protecting circuit is presented on the 
block scheme (Fig. 3) and the whole protecting 
circuit is shown in Fig. 4. 

The multiplier in the protecting circuit is 
based on the integrated circuit MPY634 from 
the Burr – Brown producer. The integrated 
circuit is a wide bandwidth high accuracy 
analog multiplier. It is four-quadrant with one 
multiplying core. Based on the accurately 
characteristics the use in various applications 
with minimal use of additional external 
elements (often without external trimmers) is 
easy. Because of the X, Y and Z inputs the 
operations of multiplication, square, division, 
root extraction and other operations with high 
accuracy (+-0.5 % max. 4-quadrant accuracy) 
are easy to perform. An accurate internal 
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voltage reference provides precise setting of the 
scale factor. The differential Z input allows 
user-selected scale factors from 0.1 to 10 using 
external feedback resistors. The portable 
function and block scheme is presented in Fig. 
4. 

The basic connection of the integrated circuit 
to the multiplier was used in our example, so the 
portable function is simplified into 

( )( ) 22121 / ZSFYYXXVOUT +−−= . The voltage (the 
value of the current i) is brought to the pins X1 
and Y1. The pin Z1 must be connected to the exit 
of the multiplier and the pine Z2, X2 and Y2 to 
the mass [7]. 

The scale factor is set by the connection of 
the resistor between pin SF and – Vs power 
supply. The output of the multiplier is the 
voltage, which is approximately five times 
smaller then the square of the input voltage. 

Fig. 3: The principle of the operation of the 
protecting circuit for over current protection of 

the motors 

 

 

Fig. 4: The portable function and the block 
scheme of the integrated circuit MPY634 

3 Two D.O.F. mechanism of the camera 
platform 

The mechanism is capable to rotate the 
camera in two space levels. It is attached under 
the ceiling and rotates the platform of the 
camera for 360˚. The platform is parallel with 
the ceiling. 

The next characteristics of the construction 
were concerned in the process of construction: 

• mass of construction, 

• simplicity and 

• selection of available elements. 

Light materials such as galvanized thin plate, 
aluminum and plastics are used to achieve 
simple light weight mechanism. In static sense 
we do not deal with a huge load of the system. 

We have used the available servomotors for 
the axis drive. As a matter of a fact, the 
servomotors are to powerful for our application. 
The drive is derived from a couple of cylindrical 
cogwheels with straight cylindrical cogs. 
Transmissional ratio between the cogwheels is 
i=9,1. An accord between the cogwheels is 
satisfactory, therefore, no setting up is required.  

The mechanism itself is made out of the 
bottom to which the lower supporting plate is 
attached. It serves for setting up the servomotor 
1, and for formation of the lower cogwheels that 
rotate the camera horizontally. The upper 
supporting plate is screwed on the lower and 
serves to the same purpose as the lower one. 
The servomotor 2 is attached to the upper plate, 
so the second pair of cogwheels rotates the 
camera vertically. The camera is attached to the 
upper supporting plate with the particular holder 
which is in the same time the attachment for 
electronic link of the camera (Fig. 5). 

A virtual interface for man-machine 
communication (Fig.6) was built in a 
programme language VRML (Virtual Reality 
Modeling Language). Virtual model of a 
camera's construction offers to users an image 
of realistic system movement, on the user 
personal computer [8]. 
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Fig. 5: Construction 

 
Fig. 6: Virtual model of camera's construction 

The axis counter buttons are a part of the 
Java Applet which run also a VRML browser 
where virtual camera model could be seen. 

4 Conduction of real motors by using xPC 
operational system 

As was already mentioned motors are linked 
by xPC Target operational system that is a 
toolbox of MATLAB/Simulink 6.1 programme 
package. xPC target system enables an 
execution of the application in an external 
manner. Application can proceed on several 
host computers and one target computer to 
which controlled system is attached [5]. 

In this case the one host and target computer 
has been used. Matlab 6.1 with supplement xPC 
(required for our application) is loaded on the 
host computer. A/D, D/A and incremental 

encoder cards are inserted in the server 
computer. The server's application task is 
position control of servo drives. Pulses read 
with incremental encoder are transmitted to the 
corresponding card. There are two (24 bit) 
counters for counting pulses of incremental 
encoder and sending the information about the 
instantenious position to the processor card. 

Two drivers are required for such action. The 
first one is programme algorithm with task of 
linking the incremental encoder and the server 
computer processor. It runs with 2 ms sampling 
time. The second drive is organized as the firs 
one. Driver could be written as a C code 
programme or could be built with Simulink 
components. The Simulink components have 
been used due to the simplicity.  

The model built with Simulink blocks (Fig. 
7) represents position control of the first 
servodrive with teleoperating in xPC target 
system. Desired value at the input of the model 
is presented in radians. The system could be 
conduct manually or automatically. Analog 
output of the D/A converter serves to provide 
referenced voltage to its output. Functional 
section (component) reads pulses from the 
incremental encoder placed on the motors. The 
counters could be reset by Enabled Subsystem 
component counter. The system responses can 
be represent graphically (Target Scope 2 and 4) 
or numerically (Target Scope 1 and 3). The 
position control model of the second DC 
servodrive is equal to the system shown in Fig. 
7. 

5 Conclusion 

The main goal, the teleoperation of the 
camera two D.O.F mechanism and a capturing 
the live video on a remote site and of course 
sending the live video back to the user site have 
been reached. The problem, how to connect 
remote mechanism with MATLAB/Simulink 
designed position controllers with the user was 
solved by using of xPC Target operating 
system. xPC Target operating system allows 
user to write his own software drivers for 
communication with a chosen hardware. 
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Fig. 7: Model of position control for teleoperating with xPC for first servodrive 

The system is controlled by the software run 
on the server computer. So, the hardware fault 
protection electronics for the safety of electro-
mechanical part of the system was built. 

The man-machine JAVA applet 
communicator built with VRML language offers 
the user to run the teleoperation and capturing 
the live video as a WEB based application from 
any known browser, operating system and 
computer platform - a platform independent 
application. 
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