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Abstract. The Distributed Control Systems (DCS) are electronic control  
devices used in continuous process industry, in which the operator becomes an 
essential part, and he/she should take decisions of operation that can lead to 
dangerous situations and/or with heavy losses. This paper shows the work done 
in the design, implementation and tests of a DCS console operator, which used 
2.5D or 3D systems to facilitate the intuitive understanding of the state that it 
was in the industrial process. Also explains how different input devices were 
used to facilitate navigation and selection of components in the graphic display, 
and how different graphical concepts (geometries, colors, animations) were  
integrated in order to do the industrial process more understandable. 
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1 Introduction 

Global losses in the industry with continuous process have an amount to $20 billion, 
equivalent to 5% of its annual budget [1]. 40% of these losses were attributable to 
mistakes or failures of operation, which implies that the efficiency of the operators 
becomes a critical element of this industry.  

This industry is characterized by a critical productive process, in which a failure or 
a shutdown can generate situations very dangerous, both for the environment and 
people; outages for several days due to complex breakdowns because of those un-
planned failures or shutdowns; or startups that can delay for several days until the 
process can be stabilized. This thing requires the use of specific control systems for 
this type of industry, which are referred to as Distributed Control Systems (DCS). The 
DCS managed thousands of analog and digital signals that are controlled through 
control loops, PID or systems of Artificial Intelligence (Neural Networks or Multiva-
riate Analysis), with some sampling rates ranging between 100 ms and 2 second [2-3]. 
Configuration is done through logical blocks, templates or programming libraries 
designed to the these type of industrial processes that must be controlled, making 
tasks much easier for the teamwork composed by software engineers and productive 
process engineers. Equally, the DCS has Object Graphics Libraries that facilitate the 
tasks design of the operation displays that should be supervised by the operator.  
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The DCS, like those ones that they are appreciated in "Fig. 1", they have got a dis-
tributed architecture, because from the engineering station the configuration is loaded 
in the centralized and redundant hardware ("control and configuration module/s”), 
while the code is executed in systems ("process modules") independent and distri-
buted. It allows that in case of failure of a module, the other modules of the DCS can 
continue working; what increases the reliability, availability and security of these 
control devices considerably.  
 

 

Fig. 1. DCS architecture 

However, the intensive interaction with the operator is the main characteristic of 
these systems, because the operator is who should take key decisions on the operation 
of the process that is being controlled. The operator uses those set-points of the con-
trol loops, to fix the reference values (levels, pressures, intensities, etc.) of the physi-
cal variables that the DCS is controlling, and on to his/her way to modify the state of 
the process. Besides, they should decide if the control loops work in automatic, re-
mote or manual mode. In automatic mode, the output values are determined by the 
operative of the control loop; in the manual mode, the operator forces the output val-
ues; and in the remote mode, besides the automatic operation, the set-point it is fixed 
by another control loop. The operator also starts the execution of operation sequences, 
or he/she operates valves and/or motors that are in manual mode. Equally, the DCS 
informs him/her about the state of the process, pointing out him/her the existence of 
warning or critical conditions in the process, as well as shortcomings in the operation 
of the several actuators or instruments of the process.  

In the previous paragraph, the importance of the operator was analyzed, as funda-
mental element in the good operation of those industrial processes that are controlled 
by a DCS. It suggests that it should improve the quality of the information that rece-
ives the operator, to make it more intuitive, friendly and comprehensible [4]. So it 
decided to develop a "Advanced Operator Interface of DCS" that shows the industrial 
process in a 3D / 2.5D display and it allows different views with animations or the use 
of advanced navigation devices. 

2 Actual Operator Interfaces 

The operator interfaces of DCS [4] that they were marketed until the moment of writ-
ing of this paper, they had monitors 2D and, the displays contained piping or process 
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diagrams in format 2D. It implied it that, if he/she wanted to have different views of 
the process, it was necessary to create new displays. The environmental noise and the 
existence of multiple consoles impeded the appropriate use of voice alarms; since it 
was complicated to understand their message and it increased the environmental 
noise, generating stress and fatigue. The use of directional speakers, although it re-
duced the environmental noise lightly, he/she forced to that the operator was always 
near to its operating console; because he/she could not hear the alarms or messages 
that were emitted. The alarms of the DCS were shown in displays, changing color of 
the device and they were available in an orderly chart for priorities and/or areas, and 
accessible from different options of the displays. All the operating displays showed 
the state of the components by means of a color code, and some allowed the access to 
programming manuals, device manuals (valve, motor, etc.), programs of logic blocks, 
wiring diagrams, piping an instrumentation diagrams or direct interconnection to oth-
er management applications (Maximo or SAP). Likewise, all the components allowed 
that the operator selected the operation mode (automatic, remote or manual); as well 
as to force their input and/or output values. The typical input interface of the DCS was 
the keyboard and the mouse, although, in some cases, a touch screen was used as 
advanced device. Equally, it admitted default configurations by the user, that it  
facilitated the access and navigation through the operation display. 

 

 

Fig. 2. Example of an DCS operator display DCS – Honeywell 

Also, the console operators used to work until half hundreds of displays with sev-
eral thousands of I/O signals, with what it could have displays or I/O signals that were 
not visualized by them during several working shifts. In occasions it happened that 
these displays or devices were not watched or viewed until an alarm was activated, 
what could cause serious breakdown in the process. So, it suggested that it was neces-
sary to create a tool that forced to the operator to see, at least once each lapse of time, 
all the displays or devices of the industrial process. 

3 Application Design 

We tried to design the application "Advanced Interface of DCS", being always in 
mind the objectives that we want to reach and limited by the technological that they 
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were imposed by software and hardware. The main objective of the application was to 
create software that it showed to the DCS operator a friendly graphic interface in 
2.5D/3D environment, with data refreshment in real time.    

The hardware limitations were imposed by the 3D devices, that they were available 
in the market, for example: memory and speed of the graphic cards, 3D monitors, etc. 
The process speed of the graphic card conditioned the complexity of the graphic  
objects and the type of animation, which were showed in the display [5]. 

The software limitation was mainly conditioned by the features of the program-
ming language, which will create the 2.5D / 3D applications; because of it will deter-
mine the complexity of programming and design tasks of the application. This first 
and main decision in the realization of the interface was to test the features of each 
language. Finally, Java [6] was selected to develop the application and their election 
was based on the arguments that subsequently are detailed: 

• Graphic Libraries: Java had a high-level API for the development of graphics 2.5D 
called “Java 3D” that it allowed the creation of displays and graphic objects. 

• Remote data access: Java permitted the use of remote data, by means of the use of 
RMI (Remote Method Invocation), JDBC (Java Database Connectivity), socket…  

• Portability: Java was designed to operate in multiple platforms that they had differ-
ent Operating Systems (Windows, Linux, AIX, Solaris, etc.).  

• Web - Internet: Java was designed to be executed in an Applet, what facilitated the 
immediate integration in a web page for any navigator. 

• Nonstandard devices: Jinput, JOAL, JMF or JOGL are API's of Java that facilitated 
the haptics administration[7], the use of interfaces for non standard input/ouput, the 
integration of multimedia objects and/or the control of 3D sound effects. 

• Free Software Reuse: There is a great quantity of libraries and free software avail-
able in internet to use directly or to facilitate the elaboration of new libraries. 

• Industrial Devices: Java had specific libraries that they were adapted to main In-
dustrial Communications Protocol. (OPC, ModBus, etc)  

• Other: JNI (Java Native Interface) it allowed that Java code link with native code 
written in other languages (C++, assembler, etc.). 

4 Application Architecture 

After selecting Java as the programming language, the following stage was the design 
of hardware and software architecture to carry out the tasks of retrieving data from the 
industrial process, administration of the industrial information and graphic presenta-
tion to the operator. It was decided to use an architecture based on the pattern Client-
Server "Fig. 3", where the server retrieved data of the industrial devices and the client 
had to show data in the operating display.  

4.1 Server Process 

The process "server" had two sub processes, where a sub-process read or wrote data 
in the DCS via OPC and the other sub-process put this information to disposition of 
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all clients, through a RMI-Server. The direct connection to the DCS to read or to write 
data was non-viable, because of the DCS had a proprietary protocol that allowed them 
to communicate with the operator interface, located in user's computers. It obliged to 
use OPC (OLE (Object Linking and Embedding) for Process Control) [8-9], to com-
municate the operator interface with the DCS; because OPC was a standard open to 
industrial data communications based on DCOM (Distributed Component Object 
Model) technology of Microsoft, that it was supported by the immense majority of 
makers of DCS. The communication among the OPC server and the DCS were carried 
out by means of a proprietary protocol, but the data of the OPC server were accessible 
to any OPC client that could communicate by means of DCOM. So, it was decided to 
install the process server in the computer where it was installed the OPC server, be-
cause it avoided to use OPC tunnel or a DCOM connection among computers. The 
sub-process that they connected with OPC server, they used the "JEasyOpc"  [10-11] 
library to create a OPC client that was developed in technology Java. This sub-process 
sent and received the data from the DCS, via OPC, to store them in a temporary 
memory, that it was consulted by a sub-process of RMI server.  

We could have decided to install the OPC communication service inside of "Opera-
tor Interface" of application and to avoid the use of RMI. This option was discarded, 
due to it obliges to install Operating System "Windows" in the operator computer, 
because it would be necessary to install DCOM or tunnel-OPC software to connect 
with the OPC server. However, this was very dangerous, because OPC didn't have 
any type of security and anyone could force the state of any logical-block in the DCS 
and to cause serious mishaps or incidences. The installation of free OPC-client in the 
OPC-server or in the OPC-tunnel, it would allow the access without restrictions to any 
logical block of the DCS, with unsuspected consequences for the security of people 
and of the industrial facilities. Also, the use of DCOM would oblige to that the client 
and server computers had to belong to the same Windows-Domain, what would com-
plicate the administration of computer networks. If it was selected a communication 
with tunnel-OPC software, they would be necessary to buy two use licenses and it 
would have an associate over cost, because this software didn't have free license. 

The option of using a server that included a OPC client and a RMI server, it was 
considered the best solution; due to it shielded the data access of the DCS, because the 
connections weren't permitted to the OPC server from the operator computer. The 
computer of the "applications server" only permitted net connections forward to the 
RMI server port and later, it sent these queries to the OPC server. So, this design 
didn't permit connections from the operator computer to the OPC server and it pro-
tected the DCS data of any undue and/or malicious access. Also, the security in the 
connections to the RMI server [12] it was negotiated by the API of Java, since RMI 
had the security integrated in core as in the RMI client as in the RMI server. RMI was 
a technology created for and to Java, witch integrated the security as essential part of 
its design. Also, RMI provided more flexibility and power in the use of Java objects, 
because it allowed the transmission of complex objects between the client and the 
server. Everything favored the election of architecture with RMI server, since it im-
peded the illegitimate accesses to the DCS from malicious users and also, it facilitated 
the installation of any operating system in the client computer.  
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4.2 Client Process 

The client process had three sub-processes called "RMI client", "Process-main" and 
"Graphic Unit". The process "RMI client" exchanged (sent and received) information 
from the server process and, later, it stored the data received in an intermediate mem-
ory. Subsequently, the information of the intermediate memory was used in the 
"Process-main". The refresh speed of this memory in "RMI client” was controlled by 
a thread-timer; nevertheless, the data sending to the DCS was done instantly, to avoid 
that a sequence of operations would lose the order and temporary distance, if they 
were grouped in a data block with the same time stamp. 
 

 

Fig. 3. Application architecture 

The "Main Process" managed the received data of the DCS and to indicate how 
this numeric information should be became in visual information, that it was more 
friendly and intuitive to operator. The visual information was grouped in a related 
data blocks where the color and/or tonality, speed of the animations or dimensions of 
a geometric figures are controlled. This information was sent to the "Graphic Unit", 
so that would generate the new graphic scene associated with the instantaneous state 
of the variables of the DCS. The fluid pressure in a pipe or the voltage in a line was 
showed in function of the tone intensity of the assigned color, avoiding the extreme 
tones (light or dark) that could cause some confusion, in spite of belonging to differ-
ent colors. The fluid flow or the electric current intensity were indicated by means of 
an animation of the solid color in the corresponding line or pipeline. The levels or 
volumes were showed with changes of the size of the interior geometric element that 
represented them. Equally, the "Main Process" had a group of temporized threads, 
whose mission were to check the state of the non standard peripherals (for example 
the 3D-joystick), as well as to create the visual illusion of the animations. The pro-
gramming of the 3D-joystick was carried out using JInput [13-14], that was an API 
"Open Source" in Java, developed to control non standard devices, by means of the 
technique of "polling". The information obtained on the 3D-joystick state was sent to 
the process "Graphic Unit", so that it would locate in the graphic scene, the new  
position of the 3D-pointer.  

The alarms or warnings generated by the DCS were shown in the graphic scene, by 
means of the change of the device color (valve, motor, etc.). Each color indicated the 
state in which was the device (motor in run or stopped, critical alarm, warning, ther-
mal relay alarm, safety switch alarm, etc.). This information was analyzed in the 
"Main Process", and subsequently, it was sent to "Graphic Unit" the color that the 
device should show in the graphic scene.  
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The use of the whole colors range in the representation of the 2.5D or 3D figures, 
which were visualized in the graphic scene, should not be considered strictly incom-
patible, with the application of the usability rule in the computer systems. It was ow-
ing to the fact that "risks evaluation" for workplace of a console operator indicated 
that these tasks could not be carried out by daltonic people or with other visual or 
physical deficiencies. This evaluation would be also applicable to electricians, since 
an electrician with daltonism would not be qualified to carry out his/her work correct-
ly, because he/she would not differentiate all colors wires of a cable bundle. The 
"risks evaluation" for workplace was carried out by the Health and Safety Depart-
ment, that analyzed all tasks assigned to this workplace as well as their associate risks.  

 

 

Fig. 4. Frontal view of the industrial process 

The mission of the process "Graphic Unit" was the creation of a display in 2.5D or 
3D that would have the graphic representation of the industrial process that he/she 
should supervise the console operator of DCS. This process developed in "Java 3D" 
[15-18], it allowed the visualization of different views of industrial process in  
the display, for example it admitted front views, lateral views, oblique views, etc. The 
navigation along the graphic scene was done by means of a 3D-joystick, while the 
selection of a graphic component was carried out with the mouse (only 2.5D graphic 
scene) and/or 3D-joystick. Also, independently of all visual helps to the operator, the 
graphic scene also showed in textual format all physical magnitudes of the process, as 
well as the state of all machines and industrial devices (valves, motors, switches, etc.). 

This workspace also reported of the appearance of an alarm or warning, by the 
emission of a vocal message with emotion. The emission of the mentioned vocal mes-
sages with emotion facilitated the immediate understanding to the operator of the 
upsets that were happening; because the emotional intensity indicated the importance 
of the alarm, while the message indicated exactly, which was the device that had gen-
erated it. This module was developed using JLayer [21] that was a Java library with 
license LGPL that permitted the reproduction of files of audio, that would have the 
format of compression "mp3" ( MPEG-1 or MPEG-2 Audio Layer III).  
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5 Graphic View 

The graphic scene represented a part of the industrial process of obtaining of cellulose 
(pulp wood) from wood Eucalyptus. It was carried out by a group of 9 production 
lines that it operated in parallel cooking wood. Each production line was composed by 
a digester that cooked wood, together with her heat-exchanger, steam pipelines, 
bleach pipelines, pulp pipelines and a foul condensed tank. The "fig. 3" shows the 
typical display of the DCS Honeywell-TotalPlant that was used to control one of the 
nine lines of the production process. The new console operator was the result of merg-
ing 13 old displays, in an unique operation display in 2.5D / 3D , "fig. 4 and 5"; since 
it grouped the nine displays of each production line, a display of steam distribution, a 
display of liquor distribution and two general views of the productive process.  

The new operator display, "fig. 4 and 5" was based on a flow diagram of the 
process that showed the devices in a multilayer structure that facilitated their under-
standing. However, it was planned that the future upgrades of this application would 
include other different views. These new views would be the following ones: 

• Real Image: This view will show images or real pictures of the industrial process. 
• Outline of Real Vision: This view will show a plane to scale, in which symbolic or 

conceptual elements will be showed in their real position in the factory.  

Because it there were 9 identical lines, it facilitated that geometric objects could be 
shared for as minimum 9 devices (one for line), avoiding the excessive use of the 
system resources. The digester was represented by a geometric figure with semi-
transparent appearance, that contained in his interior a cylinder of variable height that 
indicated the load level of the digester; while, his color indicated the cooking state. 
The foul condensed tank had a similar graphic design as the digester, but the interior 
cylinder already indicated the foul condensed level.  

The graphic representation of the pipeline had an animation to indicate the liquid 
flow that it transported. The animation design imposed the creation of a geometrical 
figures sequence that should be alternated in a synchronized way, to pretend a move-
ment appearance. It obligate to compose a pipeline by  joining of 4 geometrical fig-
ures, where each one of them was composed by a group of cylindrical rings, same-
spaced, at a distance equal to 4 times the length of each ring. That was the reason 
why, between two rings of oneself geometrical figure, there was 3 ring, which be-
longed to each one of the other 3 geometrical figures that composed the pipeline. The 
movement simulation was achieved assigning the representative color from the pipe 
to 3 geometrical figures and assigning an attractive color to the fourth geometrical 
figure. Finally, thanks to a temporized thread in the "main process", a sequence alter-
nated the attractive color among all the geometrical figures and it created the illusion 
of the animation movement. 

The presentation of 2.5D and 3D objects in a 2D screen, it imply that the axes of 
coordinates converged toward the point (0, 0, -∞), which is to say, it converged to-
wards a point centered in the bottom of the display; while, the operator had the optic 
illusion that the axes of coordinates followed a parallel trajectory to the real world in 
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which he was. So, the action of to select an object was complicated, because one 
could have the illusion of being pointing to an object and truly it was pointing out to 
the empty space. To eliminate this spatial discrepancy in the objects selection of a 
2.5D or 3D graphic display, it was decided to use a 3D-joystick and the mouse (only 
2.5D graphic scene), like double system to facilitate the objects selection for the con-
sole operator. The mouse selected objects by means of "picking", while the 3D-
joystick selected objects by the collision of the 3D-pointer with the object. This 
double method was very useful in the rotation, displacement or shifting of the graphic 
scene, because they lost the spatial references, as well as the exact position of the 
mouse and/or 3D-joystick  (3D-pointer) [19-20]. 

 

 

Fig. 5. Oblique view of the industrial process 

The process "Graphic Unit" had functions that made displacement, rotation and 
zoom of the graphic scene, to facilitate the visualization of the industrial process from 
different points of view (frontal, upper, lateral, rear, oblique, etc.). These functions 
modified the disposition of the scene and the location of the 3D-pointer, to facilitate 
their spatial location by the operator. 

Also, the illumination of the scene was designed so that it were visualized the bor-
ders in the geometric ways sharply, improving this way the perfect identification of 
the contour of the objects. Java had several types of illumination [19-20]: ambient 
light, directional light, point light (omni-directional light) and spot light (concentrated 
light). The ambient light didn't enhance the edges and contours of the geometrical 
forms, so it was discarded. The spot light (concentrated light) created scenes with 
very illuminated areas and dimness areas, so also it was discarded. The directional 
light was discarded, because it neither attenuated with the distance nor varied her 
direction; so the edges were not showed with the enough clarity. Finally, the point 
light (omni-directional light) was selected to illuminate the scene, because it raised a 
lot of clarity of edges in the geometrical figures; so, her intensity attenuated with the 
distance and her direction varied for the points that doesn't belong to the same light 
beam. Two points light, in left lateral and right lateral, were selected to illuminate the 
scene, and to increase the contrast in the geometrical figures from any observation 
point. Equally the grey color was chosen as background color to intensify the differ-
ence between the l0 graphic objects and the empty space.  
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6 Conclusions 

It was created a new concept of Operator Interface of DCS for real industrial console 
that it differed of the habitual pattern that was used to show the information.     

This Interface used a 2.5D/3D graphic scene to show the industrial process, be-
cause of visual information was more intuitive for the operator, and then it improved 
the capacity of understanding of the real situation of the industrial process. Equally, 
this graphic information allowed to observe the process from different views (frontal, 
lateral, etc.) and to show the interior of any industrial devices (digester, foul con-
densed tank, etc.). The operator console  joined the visual information with the use of 
input interfaces like the mouse (only 2.5D graphic scene) or the 3D-joystick that faci-
litated the navigation and picking through the 2.5D / 3D scene. 
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