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Analog elements for effective process operation

Without context no information

Despite the enormous development in process automation recent decades, little has changed in
HMI design with the result that the operator interfaces provide insufficient insight into the status of
the process.

In recent years, research has been done to industrial business losses and accidents caused by
defective interfaces. The most common cause of errors and accidents was, that the operators did
not have the right information to intervene effectively when abnormal situations occurred. The
amount of data available was overwhelming, but lacked the tools for the operators, in order to
interpret these data correctly.

Data itself is not information but need context in order to be correctly interpreted. Importantly, the
manner in which the context is provided.

In order to give the operator sufficient insight into the status of the process, it is necessary to
analyze the HMI design over the years, and to adjust the HMI in such a way that the operator is
provided with the correct information.

The study first focuses on the available amount of data —

and its presentation. Data itself is not information but

need context in order to be correctly interpreted. The High Performance HMI Handbook
Importantly, the manner in which the context is
provided. -

|

The vast majority of the data available is presented as
single numerical values on a screen. Corresponding
information must be requested or the operator must
possess this knowledge. Interpretation and action
requires increased mental effort from the operator.
A comprehensive Guide to Designing,

. . Implementing and Maintaining Effective
Newly designed elements must provide the correct HMIs for Industrial Plant Operations
information to the operator at a glance. - first edition -
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HMI Evolution

Instrument Panels: Thirties & Forties

Control rooms date back to the earliest days of manufacturing plants. The control rooms consisted
of logically grouped instrument panels from which the process was operated.
Several process values were plotted for archiving and alarms are presented on separate panels.
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Control room with instrument panels

Advantage:
e The overall state and health of the process is easy to overlook by a simple walk along the
instrument panels.
e Measured values and trends are directly in sight of the operator.
e The alarms were carefully selected and presented individually on a separate panel.

Disadvantage:
e Changes in the process and adding new instruments or alarms have a huge impact on the
panels, piping and space and incur high costs.
e Transferring process information to other locations impractical.




Distributed Control System: Seventies & Eighties

The arrival of the Distributed Control System was seen as a major step forward. The signals were
monitored by a computerized structure and the instrument panel has been replaced by the displays.
Graphic capabilities were limited and, therefore, the displays have been used to present data.

The first interfaces were group displays based on instrument panels. The displays could hold 8-10
blocks of data.

The Operator lost the overview of the process and had to switch between multiple displays to get
insight of the process status. In order to draw the attention of the operator for changing conditions
of the process outside the field of vision, more and more alarms were configured. A single operator
position had about 50 alarms in the instrument panel days. A DCS operator position is now
configured with over 3000 alarms.

Advantage:

e System is flexible, changes in the process and adding data is relatively simple.
e Space saving compared with instrument panels.

PRODUCTION SYSTEM ALARM 01 may 1995 05:35:57
 20-N-018 OUTL. METERING 5TR : Possition Error  ALARM 01 05:35:20:083
01-PIC-001 02-PIC-001 03-PIC-001 04-PIC-001 20-PIC-011
FLOWLINE A-1 FLOWLINE A2 FLOWLIE A-3 FLOWLINE A-4 PRESSURE MANIFOLD
MAN MAN MAN MAN MAN
300.071° 001 300l 30007|1" 160.0 "
OUT=H OUT=L ouT=L OUT=L OUT=H
00, 00 00, L1 00,
MY = 1152 BARG MV = X39BARG MV = 1834 BARG MY = 1B3BARG MV = 1080BARG
SP = 1550 P = 1250 sP = 1500 P = 1500 P = 1080
OUT = 1000% our = 00% ouT = 00% ouT = 00% ouT = 1000%
20-PIC-012 20-PY-011 22-PY-002 22-PIC-002
PLANT PRESSURE PLANT PRESS. SETPOINT SETP. OFFS. 22-PIC-002 PRESSURE VESSEL
AUT
160 " 160,00 | 5 160.0° |
00, 00 150 00
MY = 107 9BARG MV = 1008BARG MV = 50BARG MY = 1038BARG
sP = 1080 sP = 1029
Ut = 270% OuT = 234%
TREND 01 TREND 02 TREND 03 TREND 04 TREND 05
RETURN
DCS group display

e Transfer of process information to other locations possible.

Disadvantage:

e The status of the overall process is only available by navigating through all displays.
e Bigincrease of configured alarms to warn operators for conditional changes to the process.

e More mental strain on the operator interpreting data.

;




Distributed Control System: Eighties — present

The DCS systems evolved rapidly and it became possible to create complex graphics such as lines,
equipment and current process values. With improved graphics and color palette available
(beginning 8 colors, to date over 16 million colors) it was possible to present conditional changes
based on the actual process values.<br>The new possibilities were used to build displays based on
P&amp;IDs. Compared with the group displays this seems to be a major improvement, but the
disadvantages, as described previously, are not eliminated.

= imm

Display based on P&ID

Processes are becoming increasingly complex, and the amount of data is steadily increasing but the
operator interfaces are designed on the basis of Examples of 15 to 20 years ago. At a time that little
knowledge of proper practices and principles was available.

Due to the large increase in data and displays the risk of misinterpretation increases with all its
consequences.




Analog Indication

Data and Context

The HMI evolution timeline indicates that with the arrival of DCS systems, the advantages of the
instrument panels are transformed into disadvantages and vice versa, but despite the evolution of
DCS systems, the disadvantages have remained unchanged. Much effort has been expended on the
development of systems, but the user side has received little attention.

Correct information is of the utmost importance when making decisions. Current process values are
data but without any context no information.

The measured value 21.6 ° C gives the actual temperature, is this too high or too low, is this the
optimum temperature or is the limit value almost reached. Everything depends on the knowledge of
the operator and the possibility to request additional information. The location on a P&ID based
display provides the measurement of any context but requires mental effort from the operator for a
correct interpretation.

Research has shown that humans are very visually oriented. The older analog panel meters unify
data and context so all needed information for the operator is determined at a glance.

Based on this new dynamic analog elements have been developed which provide the operator with
all the necessary information without having to perform additional operations.In these analog
elements data and context are combined.




As an example, the moving analog indicator:

CONTEXT

ADJUSTABLE PARAMETERS (STATIC)
Value range
l [——— High limit 2
[4+—— Hiigh limit 1

DATA

ACTUAL VALUE {DYMAMIC)

Graphical presentation

316.0 Desired/optimal

operational area

Numeric presentation
(option)
Low limit 1

| B—— Low limit 2

Composition Analog Indication

Below an example of measured values on a schematic display of a compressor.
It requires specific knowledge and experience to determine whether the compressor is operating
efficiently or that the compressor is about to fall out.

1 190.5 psig
55.7 psig 155.2 °F 108.2 °F 166.1 °F _
65.1 °F 277
1351 /| Cooler MSCFH
si
— P29 oil1ss2°F
Qil 85.1 psi
West East
W. Vibration: 2.77 E. Vibration: 3.07
Drive 232.2 amps

Compressor presentatie P&ID stijl




The same compressor but now visualized using the newly developed analog elements. The status of
the compressor is determined at a glance and points of attention are clearly visible.

COMPRESSOR
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Compressor presentation High Performance style
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The same presentation with actual values

Various process units can be presented by means of the newly developed analogue elements.

By placing several process units that make up a production line on a display. The operator will be
provided of a clear overview of the current situation of the manufacturing process.

The advantage of former instrument panels, namely; the overall state and health of the process is
determined at a glance is herewith incorporated in the DCS system.
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