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Abstract - This paper examines: a topic of increasing impor-
tance: the interpretation of the massive amount of data avail-
able to power system engineers. The solutions currenily
adopted in the presentation of data in graphical interfaces are
discussed. It is demonstrated that the representations of elec-
~ tric diagrams can be considerably enhanced through the ade-

. quate exploitation of resources available in full-graphics screens
and the use of basic concepts from human-factors research.
Enhanced representations of electric diagrams are proposed
and tested. The objective is to let the user "see" the behavior of
the system, allowing for better interpretation of program data
and results and improving user's productivity.

L. INTRODUCTION

Research on electric power systems has traditionally been directed

towards the improvement of methods and algorithms to provide -

reliable data to planners and operators. . However, even the most
accurate data has little value if it cannot be properly understood by
the end user. Today, challenges are shifting from production to
interpretation of the massive amount of data available to utilities'
engineers [2-5]. ’

Since most data are processed, examined and modified in comput-
ers, their interpretation is a problem related to human-computer in-
terfaces. The initial generation of power systém applications imple-
mented- batch or non-graphical interactive interfaces. They were
followed by the first "graphical" interfaces, developed for character-
based limited-graphics screens. Those interfaces have been a great
advance over the conventional way of interaction; however, their
intrinsic limitations. imposed ‘many constraints-on the quality of the
interaction. The range of possible representations of elements of
electric diagrams was sinall. The nature of the elements was essen-
tially static, the dynamics was usually limited to blinking -and
changing colors or symbols, or to digital values displayed on boxes.
The limitations of that-computer media led to the development of
representations of electric diagrams that were similar to those used
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in diagrams drawn on paper
nectivity, with little, imprecise; or 1o mformatmn at. all about the‘
relative’ importance of the components ‘ S B

They basmally dlsplayed the*con=

s

Tn the 80's, the new graphrcs hardware encouraged the development ‘

of full-graphics interfaces. . :However, many-of these interfaces: strll
use diagrams that are very, similar to.those developed for:limited-
graphics - interfaces. Agaif,- the dynamlcs is. often; restricted . to
changing ‘colors, symbols and values displayed.on boxes The most
important enhancements were the inclusion of general usdge: mter—
face components (see Section II), 2D or 3D graphs-and the use of
concepts like scrolling, layering .and zooming:. . If we focus our at-

tention on the representation of the power system it is easy.to. notice,

that the new full-graphics, mterfaces ;present: little more mformatlon
than their ancestors. The: Jlarge. amount of TESOUICes avaﬂable on
full-graphics screens remains very under- explored by, the represen-‘

tations. The absence. of information-about the relatrve 1rnportance of :

the components.is almost cornplete

In most cases, users dre interested in mformatlon concermng general
and approximate values (e.g., areas where the voltage is low or:
high) or states (normal/emergency, high/normal/low); the search for
exact values is much lessifrequent.
most interfaces are boxes ‘displaying ‘digital values of systemivaris
ablés. Users interpret those values' on ‘a lotie-by-one" basis; aislow
process, from which it is ‘hard:to-extract ‘genéric ‘information con-
cerning sets of: elements. < ‘This is’ so -because  the adopted repre-

sentation of power system elements is dictated by tradition and-not -

by current research studies about the factors involved in hurhan:
computer interaction. This factor, together with the sub- utilization

‘However, ‘what'they get from -

of the new full-graphics media, results in-low productivity in learn- -

ing and using the programs. However, the niost undesirablé effect is
that users tend not to adequately explore the resources provided. by
programs and algorithms, since they cannot efficiently evaluate the
information presented. Programs that implement a friendly inter-
face - no matter if the’ algonthms underneath are:not the. best and:

tem diagrams. An analog style of represen‘tatmns is suggested be:’

more efficient than the classical ones, because it ‘allows  for
interpretation of program data and results; improves user's produc-
tivity and reduces overall usage costs. We also try {0 explore more

- extensively the resources provided by. current full-graphics hard:

ware. If possible, the interface should let the user "see™ the behav-

ior of the system.  The background for this development is provided
by studies in human factors and by a semlotlc approach to user. inter- .

face languages.
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II. TOWARDS BETTER INTERFACES

Because the one-line area diagram is probably the most important
kind of electric diagram for power system network analysis, we
chose to concentrate our analysis on it although the same general
principles can be applied to other types of diagrams. We will con-
centrate on representational aspects of the interface, and postpone
research on interaction requirements for a later time.

Components of a typical power system program's interface can be
separated in three categories:

1. General usage components. These are elements common to any
graphical interface, like pushbuttons, pulldown menus and
popups. They are provided by widespread toolkits and are
wielded mainly in the implementation of common dialogue proto-
cols. :

2.Two-D and Three-D graphics: These are used to plot variables,
often allowing for some kind of interaction. Like the previous
components, there is a growing number of commercial libraries of
such objects.

3.Power system specific components: They represent symbolically
the relevant components and processes of a power system. In
spite of being the most relevant elements for the achievement of
the interface's goals, they are habitually constructed by the inter-
face programmer without any further research effort in terms of
~ efficiency.

The first two categories of components may be considered "mature",
since they have been submitted to research and extensive usage in
different fields. The situation of the representations of the power
system components, unfortunately, is quite different: amateurish
design has been the usual solution.

The representations of specific power system components can be
separated into the following classes:

® Connectivity - Shows how the system components are connected.

o State - Shows the state of some cdmponents. The states are usu-
ally indicated by symbols or colors (e.g:, different colors or sym-
bols for open/closed circuit breakers).

o Magnitude - Shows the magnitudes of relévant variables. In most
cases the magnitudes are indicated in boxes presenting numeric
values or by graphs.

¢ Trend - In many situations, and specially in on-line applications,
the trend of some system variables can be more important than
their absolute value. However, the representation of trends is not
addressed at all by many applications interfaces.

Connectivity

Traditionally, electric nodes are represented as vertical or horizontal
bars, where some transmission lines are connected (Fig. 1.a). This
one-dimensional representation is an important source of "visual
confusion" in the diagrams. The shape of the bars often leads to
unnecessarily complex representations of transmission lines. Since
it is "impossible" to connect lines to the extreme points of the bars,
we may need to break the representation of the transmission lines in
two or three segments. The diagram becomes even more confusing
if only vertical and horizontal segments are used, like on limited-
graphics screens.
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a) b)
Fig. 1. Connectivity: two alternative representations.

Attaining to visual clarity, we propose one alternative that helps
obtaining simpler and more readable diagrams: the use of two-di-
mensional representations (e.g., circles) of electric nodes, as shown
in Fig. 1.b. This representation is not new, however, it is easy to
prove that it allows for faster recognition of the connectivity of the
diagrams. This was done by presenting Fig. 1.a and Fig. 1.b, which
represent the same diagram, to a test group. After examining one
figure during 5 seconds the persons were asked to draw the nodes
and their connections. This was repeated with the other figure, ro-
tated by 90 degrees to create the illusion that the diagrams were
different. The amount of nodes and lines correctly placed was then
computed: )

i TABLE 1

COMPARISON OF CONNECTIVITY REPRESENTATIONS

representation precision '
bar 59 %
circle 85 %

The higher precision achieved by the alternative representation of
electric nodes should not be a surprise, since any visual inspection
of Fig. 1.a and Fig. 1.b shows that the use of circles and one-
segment lines produces "cleaner” diagrams.

In this context the definition of state is flexible: it may vary from
obvious and fixed ones (e.g., open/closed circuit breakers) to more
dynamic concepts (e.g., values above, inside or below a range de-
fined instantly by the user). Information coricerning state is of great
importance in power system studies.  Very often, perhaps in most
cases, users are not interested in exact information, but in qualita-
tive (or state) data. This is true at least during early steps of the
work. The many different types of qualitative information that users
will need will usually vary during different work phases, and are
almost unpredictable by interface programmers. In some interfaces
there exists a small number of pre-defined states, conceived by in-
terface developers. However, these usually constitute only a subset
of the state information users will actually need. In the other cases,
users have access to magnitude values presented digitally and have
to extract state information from it. The conversion from digital
magnitude information to state information roughly involves the fol-
lowing steps:

o reading the value; ]

o consulting a "tablé in memory" to retrieve the limits that define
the state for the specific situation in which the user is interested
(e.g., limits defining low, normal and high values);

& comparing the value read against those limits;

¢ deciding the status of the value (low, normal or high).
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) This is certainly an inefficient process The interactive aspects are
very important here: Tt is essential that the inferface permits a dy-
namic definition of state (i.e., the range of relevant variables and
their respective representatrons)

‘Magnitude and Trend

The representations of magnitude and trend are intimately related,
and will be analyzed together. In spite of its importance in many
studies; the representation of trends is rarely addressed by power
system apphcatlon inteffaces. . To identify the trend of a certain
variable in a conventional digital indicator, the user must spend a
relatively long time observing the fluctudtion of the value and finally
conclude if it is increasing or decreasing. For a second variable, the
whole process has to be repeated; and-the conclusion will be sepa-
rated in time from the first. If the user wishes to have an overview
of the trends of a set of vanables it is easy to notice that this proc-
ess is very inefficient.

Two-D and three-D graphs are the most common interface objects
used to represent trends. Nevertheless, more compact represen-
tations. are possible.. Fig. 2 shows simplified examples. In Fig. 2.a
the arrow - an universal symbol for trend - is used. Its length,-for
instance, may be proportional to the weighted mean of the last-few
deltas between consecutive values. However, if the variable oscil-
lates around a certain valie the mean can be small, even if the oseil-
lations are Jarge. In Fig. 2.ba different principle is used: the tempo-
rary memorization of past values. Together with the current value,
the last few values are also presented. A scale of colors between the
indicator's color and the background is used. More receiit values
have colors proportionally closer to the indicator's color; older ones
have colors ‘closer to the background. As time goes by the repre-
sentation of the value at a given moment becomes less visible, nntit
it completely disappears. In Fig. 2.b it is possible to see that the
oldest recorded value was high, and that values have been de-
creasing with reducmg speed. ' This seems to be a rich and compact
source of information. The proposed representahon also enables the
identification of oscillatory behaviors.

_Another category of represent’atlon that can be greatly enhanced in
full-graphics screens is the representat1on of the magnitude of sys-
tem variables. If the qualitative information concerning the state of
relevant variables is not enough to the current step of the work,
users mdy wish to examine their intensities.  In one-line diagrams
the representation of intensities is traditionally implemented by
displaying numbers in.boxes placed near the components to which

‘ the variables are related. However, -once more, users are rarély in-
terested in éxact values. - Typically they want to have a general
overview of the system's behavior and/or an approximate idea of the
relative values of some important variables. In this general situation
the use of nimerical represeritations has at léast two serious draw-
backs: (a) the interpretation. of the relative values is inefficient and
(b) it is done in a one-by-one basis, inaking it difficult to provide a
general overview. -

In many cases, digital representations can be replaced with great ad-
vantages by analog ones. . Analog représentations of variables may
enable faster interpretation better recognition of special situations
and more efficient . grouping of information presented in different
parts of the diagrams.
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Flg 2. Trend representatlons

The 2D representatmn of electric nodes proposed in the prev1ous

- subsection can be used ‘as the background fo analog Tepresertation:

of a node's variables. Fig. 3 shows a few pos51ble representations
already used in other contexts. In Fig. 3.2 [1 1];.one of the simplest
is seen - the extent of the arc is proportional to the relative deviation:
of the voltage from its nominal value (which is often the. relevant
information). In Fig: 3.b,.a similar representanon uses an’ arm.in-
stead of an arc; Figs. 3.c, 3.4, 3.e and 3.f show two-variable repre-
sentations. Developers" creativity can easily produce other repre—
sentations. Some of them can bé enhanced by the indication of vari-
able's trends. Colors should be used to empha51ze special conditions
(states).

Frg 3. Possible representations of voltage magmtude/angle in nodes ‘

The use of nodes as background for presentatlon of analog mforma-

tion related to them is a compact and efficient source of information, .. "

Analog information is miore readily 1nterpreted the' values,  stdtes
and trends are immediately associated with' the nodes: " This could
not be true if they were presented in boxes placed near the nodes
Finally, the elimination of'those boxes prodiices "cléaner" dlagrams
The -most important Trestrictions to the quality of analog represetita-
tions are those imposed by screen resolution; obviously, hardware -
evolution tends to gradually diminish this problem :

‘Now let's ta.ke a closer look at the classical representatmn of trans—

mission lines. In power syster apphcatwns -the "importance" of &
line is often directly related to-one of its power flow capab111ty lim-
its (normal, long term, emergency) However, that value-is only
suggested indirectly by the ¢olor 1ndlcat1ng its voltage level: The:
process of evaluation of the 1mportance of the line follows the steps

/ . .

. 1dent1fymg the color; -

e consulting a "table in memory" to’ 1dent1fy the voltage level that
corresponds to the color; .

e consulting another "table in memory" relatmg voltage to the. ap— '
proximate power. flow capability limit, or. mentally calculatmg 1t

Since the voltage level is not the only factorin the determiniation of -
thé limit, this process is intrinsically imprecise even for skilled us-
ers. For less experieneed users, this ‘will- probably. lead: to large
evaluation errors when companng the nnportance of lines in differ-
ent voltage levels. : : el

An, altematlve representa‘uon of a transmlssmn line is by means of
lines whose thickness is directly proportional to one: of thée’power
flow capability limits. = Users intuitively interpret size as an indi-
cation of power, resulting in faster and more precise understandmg
of the system's behavior. This representatmn can‘be complemented
for instance, by an indication of the direction (symbohe) and magm-
tude (analog) of the active power ﬂow as shown i in Fig. 4. The



arrows indicate the directions; the intensities are represented by the
thickness of the inner lines. - A similar representation has been
studied by Mahadev and Christie [10]. This representation enables
users to virtually "see" the power flowing. They can quickly identify
the overall status of the system and, what is perhaps the main bene-
fit, can easily identify the relative importance of system events.

The traditional color code used to indicated the voltage level can be
applied here. However, colors like yellow and red should be re-
served for emphasizing abnormal conditions. The selection of colors
should try to avoid undesired focusing of user's attention in' non-
relevant parts of the diagram. ’

Fig. 4. The aspect of the proposed representation in a 14-bus sy.

The main limit to this representation is imposed by the combination
of the relatively small resolution of computer screens and the pos-
sibly wide range of values of the variable to which the thickness of
the line is proportional. In the case of the power flow capability, it
is easy to find relatively large variations in the same diagram. If
this becomes a problem the developer may have to sacrifice the pro-
portionality in one or both extremes of the range.

Alternative representations of other system components are also
shown in Fig. 4. Transformers are frontier elements among different
voltage levels, which are indicated by colors; so they are represented
as frontiers among different colors. Generators are represented by
circles with radius proportional to their maximum power generatiot,
the actual generation is indicated by the innermost circle. Loads are
represented by squares with sides proportional to their values.
These representations were designed obeying the ‘principles pro-
vided by current research in such fields as human factors (HF), hu-
man-computer interaction (HCI), and computer semiotics. They are
an attempt to achieve a theoretically motivated exploration of full-
graphics resources available in today's computers.

In order to compare the efficiency of the alternative and the classical

approach to the representations, a test program was developed. In-

the program, which used a simplified model of a small power sys-
tem, users had to adjust generations to supply some loads, restricted
by line capabilities limits (within a certain precision), as seen in
Figs. 5.a and 5.b. For each of the 60 users (most of them power sys-

tem engineers proficient in the interpretation. of the classical rep-

resentation) the program selected one of four possible representa-
tions of the same system: classical (Fig. 5.a), classical including
colors to indicate states (insufficient or excessive energy in loads,
overloaded lines), alternative representation (Fig. 5.b), alternative
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representation including colors. The mean time consumed by users
to reach a solution is shown below. The results show that the alter-
native representation induced a better understanding of the system's
behavior, which led to shorter time intervals to reach the solution.
This difference is expected to increase with systems complexity and
users experience with the new representation and, also, with new
enhancements in representations. The similar results achieved by
the two modes of the alternative representation suggest that analog
representations alone provided sufficient information about states,
in this small system. In larger systems, however, state information
is expected to become more important, .

TABLE 2
COMPARISON OF DIFFERENT REPRESENTATIONS
representation simple using colors
“classical 126.6 s 78.1s
alternative 60.6 s 59.5s

II. THEORIES And GUD)ELH\IE§ For The DEVELOPMENT Of A
NEW GENERATION Of INTERFACES :

The development of a new generation of better interfaces for power
system applications still relies quite heavily on the creativity and
intuition of programmers. However, HCI research has made pro-
grammers realize the need for a full two-way communication ap-
proach to-interface design. Not only do users send messages to
application programs, but they also receive and interpret messages
coming from or through the application. )

A communicatively-oriented view of interface design is one in
which designers communicate with users via computer systems [8]. -
In a previous paper [1], we have discussed in detail the nature of
computer systems-in this light, and have proposed that they are ac-
tually metacommunication artifacts designed to be performing mes-
sages sent from programmers to users. A critical design issue is
then to understand the process of elaborating this complex message.
In our specific power systems case, the interface design issue is to
use representations that can correctly convey the messages related to
the underlying power system model's structure and behavior.

Eco [9] proposes that in communicative processes - i.e., in semiotic
systems - the production of signs (communication units) can be
analyzed into four parameters. The physical or mental labor in-
volved in selecting expressive units iS the first parameter and ranges
from the recognition that certain units are available as valid ex-
pressions for the intended meanings to the invention of novel units,
given the inadequacy or nonexistence of available ones. The asso-~
ciations users will have to do between form and meaning is the
second one and involves, for example, choosing forms that imme-
diately evoke intended meanings instead of those that do-it indi-
rectly (e.g. by means of comparisons and implications), or choosing
an expressive system that is an established way of conveying the
intended meanings. The segmentation of the expressive con-
tinuum is the third one, and regards the distribution of content and
form among a variety of communication systems, like the linguistic,
the gestural, the pictorial, and many other ones among which — and
very importantly — the computational one. Finally, the level of
articulation is the fourth parameter and refers to existence or not of
combinatorial rules applicable to components within the chosen
communication setting; for example, natural language is highly ar-
ticulated, whereas painted pictures are practically non-articulated.
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The semiotic engmeehng 1] of user interface Ianguages is a theo-
retical approaoh to designing communicative systems based on Um-
beito Eco's sign production parameters; Instantiated in the realm of

computer power systems interfaces; Semiotic Engineering aims at -

providing a high-level theoretic background for choosing represen-
tations (i.e.; means of expressing) that are adequate for the com-
puter—medlated communication- between users and (power) system
interface designers. All the representatlons proposed ‘in the previ-
ous.section follow the four guidelines proposed in our approach

Interface desigriers should produce stgns they recognize us cod;-
Jfied expressions of the intended contents. When developing repre-
sentations of power system elements, the designer should prefer
those that are more easﬂy recogmzed For example most of the
proposed representatlons have not been invented just for applrca—
tions interfaces. ‘They are easily recognized by electrical engineers.
This increases the user's confidence and enables faster learning.

User Interface Langnage desigﬂe,r,s should try to select expres-
sions that are recognized as a token of an established (i.e. easily
associated) type of expression system which accounts for the in-
tended contents. For example; our representation of the connectivity
diagram is directly associated with the meaning: of linked nodes,
without need of further inference about the nature of the dragram
meaning.

User Interface signs referring to domain objects and to computer-
modeled solutions for existing problems should have Sorms di-
rectly or indirectly borrowed from the domain of the application
system, whereas those referring to /O devices and operation sys-
tem actions should be directly borrowed from a computer-specific
subset_of signs. VO elements; like windows and disks, have no
meaning except inside the physical machine. Windows, for exam-
ple, despite their names that refer to things found in buildings, are
computer entities that may be. sized, hidderi, moved and so on. The
use of computer-specific signs to represent computer windows is the
basis for such rich manipulation: -cutside world windows are not
manipulated. in this way, and unless such signs are understood: as
computer objects they will probably be misused. Conversely, the
representation of power system elements and processes should use
power system domain signs, since the meaning users assign for them

+is selected from real world situations; otherwisé the user may think
that operations possible in the computer world are also applicable to
power system entities.
perform electncally mpossible operations by just dragging and
dropping icons. All our representations of domain elements have
been inspired in dlagrams instrument displays, and similar layouts
easily encountered in the power systems apphcatmn domain,

User Interface Langunage designers should always resort to ex-
pressions belonging to-a recognizably codified (i.e., rule-based)
system. This is related to the fact that computation is symbolic ma-
nipulation.. - From the user interface level ‘down to the hardware
phys1ca1 response, everything is layer upon layer of formal codes. It
is in the very nature of computer. systems. that signs. are articulated
and rule-goveried: Moreover, rile-based systems allow for gener-
alizations, miade from perceived articulations. between. parts of the
system. -For example, if the selection of objects from the: diagrams
precedes that of the operation they-must undergo, users can infer
that this principle is general and also applies for objects and opera-
tions they select for the first time. -

E.g., the user may think that it is possible to

At a'more expenmental level HEFand HCI Tesearch oﬁers Hisg’

wealth of guidelitiesito be followed in 1nterface design: Tn thefol- _
lowing, we:summarize some’ generic prmc1p1es compﬂed by V-
[6], that are to be apphed to the whole mterface : ‘

At Demgg Tevel )
Conswtency The model of task the funct1 ;ahty of the apphcat1on

sentral in hmnan—computer mteractron Users must be: mformed if

their actions have been recognized or iot. For mstance in an op-
eration of the type select ob]ect select at
formed if each step of the operation was recogmze and if:
result was achieved,

Minimize error possiblltttes Interfaces miist be co: 4
an action does not make sense in a certain context 1tmust o
available for selection. Wl
Provide ‘for errorrecovery: the mterface must provrde means  for-
the user to récover from errors. ' Well lmplemented Undo, Abort and
Cancel Sptions are recommended;: otherwlse the user wﬂl not 'feel
safeto do eproratory learning.
Accommodate ‘multiple skill levels: Most mterfaces w111 be used
by people with very. different skill Tevels. ‘For new users, menus are
very important, because they tell what to do'and facilitate learning.
However, skilled users are more interested in speed of use; for
them, aceelerators are-essential. P e ¢
Minimize memorization: interfaces must not requrre unnecessary
memorization. For instance, if the user needs to open a'file or. s ect”
an element by name, the hst of ex1stmg f“ les or elements mu be
easily available.

At Layout Level |6] : : NSO S
Visual clarity: it is essential that the meamng of 1mages is ‘re: f'-ly
apparent to the- viewer. -Séme ‘visual-organization: Tules ‘helpiae:

complishing this task: similarity (visual stimuli that have a common

,pmperty are seen as belongmg together) proxzmzty (wsual i i

the iltusion of association among segments of d1fferent hnes

the 90 degrees angles between Corisecutive s
not an example of” good-contlnuatlon T
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loads, lines and generators); there is 1io notion of relative impor-
tance. Color is an efficient coding for nominative information. Or-
dinal information has a notion of greater than or less than, but no
notion of varying distances between categories. Ratio information
indicates those distances. If ttansmissionflincs are represented by
lines of thickness directly proportional to [their capability, we have
an example of ratio information; if their thickness follow the volt-
age level but do not have any direct proportionality to it (e.g. 1 pixel
for 69 kv, 2 pixels for 235 kv and 3 pixels|for 500 kv) we are using
ordinal information; if the different voltage levels are indicated by
colors, we have nominative information.

Visual consistency: this is part of the overall consistency discussed
above. It states that the rules and meani ‘gs of the visval elements
must stay consistent in the different ixgxz;;ls of the interface. It in-
cludes the placement of information, that should keep the same

relative position in different images. |

IV. CONCLUSIONS

The quantity and quality of information produced by power system
applications experiments a continuous increase. However, the use
of this huge amount of data - and the éxploitation of the potential of
the applications - is restricted by the amateurish design of the com-
puter representations of power system components, variables and

. processes, which did not accompany the prpgress achieved in similar
fields. The related costs (training, sub-utilization, low productivity)
can not be easily calculated, but are ¢ ly high.

This paper has proposed alternative representations of elements
involved in power systems applications, based on the fact that most
of their existing interface representations do not fully explore the
potential of computer graphics state-of-the-art. Proposed represen-
tations: have drawn on current research work in such fields as hu-
man-factors, human-computer interaction, and computer semiotics.
The potential of that approach is exemplified through the develop-
ment of enhanced representations of onelline diagrams. Their ef-
fectiveness was shown experimentally.

This paper is intended to be a step towards the development of a
generation of more efficient representations of power system com-
ponents for graphical interfaces. This will allow a better use of the
of the data and programs available to-power system engineers.

b)

Fig. 5. Aspect of the representations in the test program,
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Discussion

R. D. Christie and P. M. Mahadev (University of -
Washington, Seattle): The authors are to be congratu-

~ Jated on the advances in power system state visualiza-
tion ~described in their- paper, particularly for the -
representation of power system elements - (generators,

. loads and transformers) and. testmg for dlsplay effective-

ness.

The discussors feel that effective: display techmques
(encodings) for bus voltages are more difficult to obtain
than power flows. We would appreciate the authors’
comments/experiences on this issue. Could the authors
also please comment on their experience with the abilify
to see voltage patterns in the system using the proposed
encodings?

Do the authors have any thoughts on the ability to dis-
play real and reactive power simultaneously? Dr. Alva-
rado at the University of Wisconsin uses moving
“bubbles” of different shapes to do so. This animation
technique is perhaps more suitable for education than
for power system control.

In the encoding of generators, -the authors vary the
radius of the generator symbol to indicate the maximum
real power limits of the generator. Loads are similarly
encoded. Tufte [1] points out that humans perceive area
rather than radius as the encoded value. Thus, a circle of -
radius 1 is perceived as one quarter the size of a circle of *
radius 2. Do the authors think that this will present any
problems in the 1nterpretat1on of generator or load val-
ues? ~
In Figure 4, the buses appear to be represented with
circles of different sizes. Does the size of circles have
any specific meaning? There is no mention in the paper
regarding encodings for overloaded lines or bus voltage
violations. Would the authors wish to comment on it?

In Section III, the authors describe theories and guide-
lines for the development of a new generation of inter-
faces and summarize some generic principles to. be
applied. to the whole interface. The discussors believe
that one. of them, Accomodate multiple skill levels, is
not applicable to power system user interfaces. Power
system operators generally have similar training and
possess. similar skill level,"Given this, it appears that
accommodating multiple skill levels in a' EMS user
interface is not necessary. Do the authors have a differ-
ent view of this issue? ) g

References:

[1] - Edward R. Tufte, The Visual Dzsplay of Quantita-
tive Information, Graphics Press, Cheshire, Con-
necticut, 1983.

Mémuscn'pt received JurreYS, 1995.

G. P. de Azevedo, C.' S. de Souza and B. Feijo: The main

objective of this paper is to propose a framework for better

representanons of power system dragrams, based on concepts found

open issues. to be mvestrgated and ai great umber 0
experiments tobe carried out. * : L

The  discussers state that effective eneo

would ‘rhen have both a viewing of global_ volta
relative unportance of buses. o

The representatlon of‘power flows is easier, because there exists a
metaphor that is not perfect but is certainly powerful, that is: water
flowing in pipes. The visualization of the flows (mcludmg
magnithde and dlrectron) is essential “to” uniderstand - systen®
behavior. . In Figure 4, in order to' presérve the fiotion of”
continuity, wheén neessary, the bus diametérs hiave been incréased
up to the dimensiotiof ‘the largest elemient conmected to ‘themn: -
Considering that buses connected: to™ the “largest” -elements ‘are
often the most important ones, 'thi§ “approach’ ‘increases: the.
effectiveness of the répresentation of the relative importance of the
buses. It is certainly possible to define the'diameter of buses using

~ other criteria- selected by" the system developer ‘However," the

visibility of both power flow continuity arid the rel
of buses must be preserved: if -the ‘main objectrve isthe
comprehension of the system’s behavior rather rhan the analysrs of
some specific parameter of ’rhe system P

We fully agree with’ the discussers observahon on the use of area‘ i
or radius to encode-the power limits'of generators We indeed used:
areas to encode loads and ‘generation limits+in the" experiments -
shown in Figure 5. Unfortunately the ~paragraph ‘where: the
encoding rules are described actually leads to a misunderstanding.
‘We appreciate the opportumty provrded by the d1scussers to correct :
this i mpreersron .

Encoding of overloads and voltage vrolatrons s a problem of .
representing state . information: . Colors usually are:an excellent
encodmg for state information and: may- be used to -convey;
simultaneously, magmtude information. Inthis case the; ‘boundaries. :
that indicate the “normal” values should:beidisplayed; allowing for-.
the visualization of severity of the violation. : This is:done:in the
experiment of Figure S (see'line 1-3 in Figure 5-b) and Table 2 -
presents the results:” When using the “classical” diagram (Figure
S.a), the representatron of - overloads’ by colors ‘produces |
impottant improvement in users’ productfvrty However, ‘in :
alternative representation the difference was neghgrble - This s
probably a consequence of “‘the eﬁicrency of the prop
represéntation, that is: the behavior of the system Was 50, evrdent
the users that the indication of overloads ‘was not- necessary We

-believe, however, that in larger systems the tse’ of colors to ‘encode .

state information may become necessary to improve the efﬁcrency
of - the -alternative representation; as: well. Nevertheless, new
experiments are reqitired to: demonstrate thig latest asser’uon

The questron of dlsplaymg real and reactrVe pow " multaneously.
is another important issue raised by the .discussers.  “The'
simultaneous representation of real and reactive poweris a problem
to which no satisfactory solution seems to have been found. Wedo™
not think that animation techniques can solve this sort of problem,



although we believe that computer
explored in the representation of power system diagrams and many
interesting proposals may arise in the future. An obvious
. alternative is to split in two parts the representations of generators,
loads and transmission lines, perhaps using different colors. It
would be necessary to develop experiments to verify if this
alternative could produce useful results. However, we are not very
optimistic about that. A simpler and possibly better solution is the
implementation of straightforward dialogues to allow for fast
_switching among representations of real and reactive power in the

same diagram, or (if screen space is not a problem) to show both

views in two separate windows.

The discussers state that accommodating multipie skill levels in a
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EMS user interface is not necessary, because EMS operators
generally have similar training and skill levels. Usually this is
correct. However EMS operators are a small percentage of power
system interface users. Furthermore, even well-trained -operators
have a period of adapting themselves to systems in real conditions,
when they usually require more verbose dialogues and more
intelligent support. Moreover, good interface design for power
systems in general should account for varying user skill levels.

Finally, we would like to thank the discussers for their comments
and for the opportunity to exchange different views on such

" important subjects.

Manuscript received November 8, 1995.



