VisuAL BALANCE:

The Tightrope of Computer Generated Layout

by
Xiaoyang Yang

Bachelor of Science in Physics, July 1983
Peking University, Beijing, China

Master of Science in Physics, August 1991
Doctor of Philosophy in Physics, August 1993
Michigan Technological University, Houghton, Michigan

Submitted to the Program in Media Arts and Sciences

School of Architecture and Planning

In Partial fulfillment of requirements for the degree of

Master of Science in Media Arts and Sciences at the
Massachusetts Institute of Technology

September 1995

Copyright 1995 MIT All Rights Reserved

Author,
Program in Media Afts and Sciences
August 11, 1995

Certified by W

William J. Mitchell

Dean, School of Architecture and Planning
Massachusetts Inctitnte af Tachnalaow
Thesis Supervis

<

Accepted by
Stephen A. Benton *

Chair, Departmental Committee on Graduate Students
Program in Media Arts and Sciences ASBACHUSETTS INGTITUTE
OF TECHNOLOGY

0CT 26 1995

LIBRARIES

Ratsh



ViSUAL BALANCE:

The Tightrope of Computer Generated Layout

by
Xiaoyang Yang

Submitted to the Program in Media Arts and Sciences
School of Architecture and Planning on August 11, 1995
In Partial fulfillment of requirements for the degree of
Master of Science in Media Arts and Sciences

Abstract

This thesis work proposes an theoretical framework for generative
design systems based on the principle of visual balance in graphic
design. It discusses a new metaphor for both the novice and professional
designers to explores graphic layout variations, a new approach to
machine understanding of visual balance and a new way to support
automated layout of computer-based documents. Dynamic balancing
systems have been implemented and tested through textual and imagery
data.

Visual balance, or equilibrium, is a state of a visual composite, in
which all factors such as size, location, orientation, color, shape and
texture are mutually determined in a way in which no change seems
needed. The concept of visual balance is present in both symmetrical
and asymmetrical design. If a visual design lacks visual balance, it is
unsettling and the information conveyed by the design is obscured.
Designers strive for balance in order to make the conveyed meaning
clear and the visual communication efficient [Arnheim, 1974].
Designers also use balance in different ways. Based on the analogy
between physical balance and visual balance, I explored a computational
model for visual balance and possible applications of using visual
balance as a criterion to evolve and alter a computer generated layout so
as to automate the presentation of information. This research also
investigates the possibility of using various non-linear optimization
algorithms such as simulated annealing and Monte Carlo to search for

layout alternatives for designers.
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For both the sender and the
receiver of visual information
the lack of balance and regularity
is a disorienting factor.

introduction

In this Chapter, I will briefly introduce the concept of visual balance,
o . . i . DONIS. A. DONDIS
why it is important and how it is possible to build a computational A PRIMER OF VISUAL LITERACY
. ] . 1973 CAMBRIDGE
model for the visual balance, and establish a possible framework to
apply visual balance concept to the field of dynamic document layout.

More details will be discussed in the following chapters.

CHAPTER 1 INTRODUCTION.

¢ This chapter.

CHAPTER 2 APPROACH

¢ The methodology used in this research.

CHAPTER 3 REPRESENTING VISUAL BALANCE

+  Detail discussion about representation of visual balance and related
visual parameters.

CHAPTER 4 SEARCHING AND OPTIMIZATION

»  Detail discussion about grid systems, searching techniques and
optimization methods.

CHAPTER 5 CONCLUSION AND DISCUSSION

*  Conclusion and discussion regard future research directions and
vision of application scenario for use of visual balance in

generating dynamic document layout.

Visual balance, clarity and order

The ultimate goal of visual design is to present the right information
with the right form, at the right position and the right time.
Information can be conveyed via various visual forms including type,
image, patterns, or simply a stroke of color. In making various visual

statements clear and meaningful, designers need to arrange, according to



VisuaL BaLaNcE

visual communication principles, visual objects such as types, pictures,
dots, lines, shapes and colors into an ordered, cohesive and integrated
layout. To achieve and maintain visual balance is one such essential
principle in visual design [Arnheim, 1974; Kepes, 1957; Langer, 1957;
Ruder, 1981; Dondis, 1973; Hurlburt, 1977; Gottschall, 1989; Gatta &
et al., 1991; Conover, 1992; Siebert & Ballard, 1992; Carter & et al.,
1993].

Figure 1.1. The visual intentions in this
composite are unclear and ambiguous, and the

effect created is an unsatisfying and frustating one D D

for the audience. The balance cannot be established

one way or the other; the element cannot be

organized and related. The Gestalt law of
perceptual simplicity is greatly frustrated by such

an unclear state. (example from [Dondis, 1973].)

In making visual judgments, balance, or equilibrium, is man's firmest
and strongest visual reference, and both conscious and unconscious
basis [Dondis, 1973]. An off-balance design can be ambiguous,
uneasy and frustrating to the receiver, and the intended visual message
may not communicate (Figure 1.1). According to Arnheim, balance is
the state of distribution in which all action has come to a standstill. In
the book Arts and Visual Perception, he states, "In a balanced
composition all such factors as shape, direction, and location are
mutually determined in such a way that no change seems possible, and
the whole assumes the character of 'necessity’ in all its parts" [Arnheim,
1974].

To show how visual balance is embedded in visual design, contrast is
made in Figure 1.1 and Figure 1.2 in which unbalanced and well
balanced layout are compared. Also compared in Figure 1.3 and Figure
1.4 are symmetrical and asymmetrical balance used in page layout. As
it will turn out, a grid system, although not apparently seen, is always
involved in either symmetrical and asymmetrical design.
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Figure 1.2. Balance is present in both symmetric and asymmetric design. Symmetric
and asymmetric balance are also called, by some designers, formal and informal
balance [Conover, 1990].

This notion of visual balance is analogous to the one for physics in
which balance is defined as the state in which the forces acting upon a
body compensate one another. This analogy serves as the basic
assumption in the proposed research in deriving a computational model
to describe and implement the concept of visual balance in the
design process of document layout as well as other visual design.

A balanced pattern is so strongly
established that it attempts to
preserve its integrity by
segregating any departure as an
intruder.

RUDOLF ARNHEIM

ART AND VISUAL PERCEPTION
1974 BERKELEY CALIFORNIA

Figure 1.3 Two Classic page layouts from the
Polihilus, published by Aldus Manutius in Venice in
1499.  The near perfect symmetric balance
illustrates a feeling of formality, exactness, carefulness,
and stiffness.

There are two ways to achieve visual balance: symmetrically and
asymmetrically [Hurlburt, 1977; Gottschall, 1989; Gatta & et al.,
1991; Siebert & Ballard, 1992; Conover, 1992; Carter & et al., 1993].
Symmetric balance, or formal balance, involves equal size and
weight that is above and below the fulcrum center of a page, and

CHarTER1 INTRODUCTION
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communicate strength and stability. The fulcrum center of a page is
referred as optical center [Conover, 1992], which is discussed in broader
details in Chapter 2. Asymmetrical balance, or informal balance,
on the other hand, bring contrast, variety, movement and tension.
Initiated by Dutch de stijl and Russia Constructivism, and
developed by Bauhaus, and other design movements, asymmetrical
balance become dominating, although symmetrical balance still be

widely used even within an asymmetrically balanced layout.

Although widely used and discussed, the concept of visual balance has
been mysterious to both artists and researchers in that it is asserted that
the sense of visual balance is only an unconscious sense, and is
“essentially a matter of feeling” and cannot “be expressed merely as a
mathematical calculation” (quote of Mise en Page by A. Tolmer, quoted
in [Hurlburt, 1977]). This research is an attempt to respond to the
challenge of exploring computational ways for representing visual
balance and an attempt to investigate possible applications of utilizing
visual balance in automated layout of computer-based documents.
“Affective Computing” would be necessary to respond to the “matter of
feeling” aspect of design [Picard, 1995], the focus in this work however

is on a physics-based analysis method.
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Figure 2.4 A modern page layout demonstrates the shift from
the classic symmetric ideal to the dynamic, asymmetrical
balance.

Asymmetric balance brings
contrast, variety, movement and
visual tension to a page.

CHarmeni INTRODUCTION
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In other visual design domains, visual balance is also equally important
and naturally embedded. Figure 1.5 through Figure 1.7 show layouts of
a front page of a newspaper, a page in a newsletter and a page in a
brochure, where visual balance is achieved asymmetrically in a modern

fashion.

Figure 1.5 The front page of The New York
Times. Considering the text segments as a
texture background, the design reflects an
asymmetric balance of images, headlines,
subheads and even white spaces. (From The Best

of Newspaper Design [Jennings, 1992])

s B

W

Figure 1.6 Layout of a newsletter page.
(from Making A Good Layout [Siebert &
Ballard, 1992]). Asymmetric balance is
present to create dynamic eye
movements.

11
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of human visual experience. In the years when the computer was still
huge and practically inaccessible for designers, Kepes envisioned a
visual world of plastic organization or dynamic iconography to be
emerging as the mainstream of design [Kepes, 1944, 1961].

This thesis work started from another perspective but reached the
similar conclusion that computer generated layout for electronic
document must cope with the dynamic, elastic and temporal nature of
visual experience and the constantly updating feature of computer-based
document. This thesis argues that visual balance and dynamism
is an appropriate concept and medium to make a layout elastic
(or plastic, following Kepes), dynamic and responsive to user's change
of intention and document updating. As will discussed in Chapter 3,
this research argues that the approach taken by this thesis work provides
a framework to build a generative design system. Such a generative
design system can be built as a design agent for the novice user and an

apprentice for the professional designer.

Compared to traditional communication, in which "the information is
encapsulated into fixed forms" [Ishizaki, 1994], and flows one way to
the reader, the new, computer-based electronic communication supports
interaction between the reader and the information base and includes
more temporal information. As the reader's intention may also be
changing constantly as well as the information content, the design
problems become even more dynamic. Thus, "a design solution must
continuously adapt in response to the dynamic changes of the context"
Ishizaki, 1994].

These situations lead to the concept and practice of automated layout
systems that can determine parameters for a visual design based on
given information content and readers' preferences. An automated
generative layout system can well meet the dynamic, interactive needs
of users and support dynamic change of information.

To build such a computational system that can automatically layout
documents implies encoding visual design knowledge and the sense of
visual balance. While encoding general visual design knowledge is a
difficult task, there have been different approaches to encode the
knowledge necessary to describe the presentation of information, such
as the grammar-based system VIA [Weitzman, 1994] and a grid-based
approach by Feiner [Feiner, 1988]. However, none of these attempts
has encoded the sense of visual balance, and the systems have to rely on
the user to judge the visual balance of a layout.

CHaPTER1 INTRODUCTION

13
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The challenge to automated layout is to develop a set of constraints and
evaluation criteria for the generation of effective layouts [Feiner, 1988].
In VIA, the constraints are embedded in the relational grammar and the
grammar takes as input the pre-annotated structural information and
produces a layout. Feiner's approach uses a grid system and a Prototype
display grammar, and has no concept of visual balance for simplicity.
Feiner’s approach also employs a set of rules that place constraints
(such as location and color) on visual objects. Neither approach has a
mechanism of evaluation for the evolution of the generated layouts.

This thesis research investigated nonlinear computational models for
visual balance and dynamic, generative design system. The quantitative
value of visual balance computed from the balance function
(detailed in Chapter 2) have been used, together with a set of constraints
and a grammar representing spatial relationships, as one of the criteria

in evaluating and evolving a generated layout.

Scope and framework

The design process can be viewed as interactive iterations of seeing-
moving-seeing [Schon and Wiggins,1992]. In the interaction of
doing and discovering, the designer makes appreciative judgment based
on many different ways of seeing, at the local (in group) and global
(inter-groups) levels. Visual balance involves global seeing, or
holistic appreciation, and the designer’s sense of balance executes this
holistic seeing during the entire designing process. In a typographic or
visual design space, the designer arranges visual objects, makes holistic
judgments or evaluations of the arrangement, alters the arrangement by
controlling the size, tone, and position of all the visual objects, and
makes judgment again. This cycle of seeing-moving-seeing
continues until the layout reaches a state of visual equilibrium.

This interactive notion of the design process can be also viewed as a
dialogue between generation and evaluation or making and testing of
layout, which is an operative metaphor. During the dialogue, design
alternatives are developed and visual properties are evaluated against
design principles.

This thesis research reflected this strategy of seeing-moving-seeing and
generating-testing-generating in implementing generative design
system.

CHAPTER1 INTRODUCTION

14
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In order to realize the above mechanism of a generative design system,
this thesis work takes visual balance as the key concept that is both
operable and visible. It is argued that a computational model for visual
balance can be integrated into a generative design system, given an
appropriate set of constraints, either rule-based or situational (reactive to
parameter changes), and a set of criteria to evaluate and evolve a
generated design layout into a balanced yet dynamic, elastic and

responsive one.

As an example of dynamic layout, a pioneering work by Muriel
Cooper [Cooper, 1990] is shown in Figure 1.8. In the work a
sequence of layouts was produced to show how computer generated
layout can dynamically respond to the changes from the information
environment or from the reader’s navigational change of interests.
Visual balance in this dynamic situation is complicated by the multi-
tiered information and the asynchronous interactive exploration from the
reader. The author argues that a layout system may be built to be able
to respond to the dynamic changes from either the environment or the

user by preserving visual balance in a dynamic way.

Figure 1.8  Muriel Cooper’s
pioneering work on dynamic
layout. (caption taken from
Design Quarterly No. 142 1990

Four image and three text
segments are used to explore
ways simultaneously to represent
multi-tiered information using
changes of size, placement,
color, and translucency. Each
frame will change as the “reader”
browses in real time with text
and image cues dependent on the
linkages that have been designed
for browsing. On one level this
series is analogous to a book
printed on transparent paper, but
it takes advantage of the
potential for change inherent in
the computer.  Priorities may be
achieved in terms of color, size,

leading, or copy width,.  The
tools for this series were
developed at the Visible

Language Workshop by Suguru
Ishizaki; the series was designed
by Muriel Cooper(1988).

15
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This thesis work continues Cooper’s pioneering exploration by
building a computable model for visual balance, turning the balancing
process into a search process within a multi-dimensional space spanned
by visual parameters, and exploring non-linear algorithms to search for
balanced states for a given page and a set of graphic objects.
Generative systems have been built and tested using different sets of
constraints and optimizing and searching algorithms. In Figure 1.9 in
next page, a series of layout variations from one generative layout
system are shown to sample one possible way of design.

Summary

In this chapter, I introduced the concept of Visual Balance that is
related to the principle of visual balance in the graphic design practice.
Design concept such as order and clarity have been briefed. Examples
in which the visual balance concept has been incorporated into a
cohesive holistic layout are provided. The correlated nature of dynamics
of visual balance and generative layout system has been revealed.
Resulted examples from the theoretical model used in this thesis work
has be shown to demonstrate one way of systematically designing
through a generative design system based on the dynamic scheme of

visual balance.

16
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Figure 1.9  Layout variations generated by this thesis work. One image of Muriel Cooper, her name as a title,
and a paragraph from an memorandum article are used as objects. Theses layouts are considered as balanced ones
but with different balance value computed based on a balance function (see chapter 2).




APPROACH

introduction

This research explores a computational model for visual balance and
investigates theories and techniques in searching for the states of visual
equilibrium and for layout variations in designing computer-based

documents.

In order to examine different ways of achieving visual balance in a 2D
layout, an analogy is made between visual balance and physical balance.
A balance function is defined as a function of the visual weight,
location and other visual properties of each graphic object involved.
Non-linear optimization methodology is employed in the search process
for alternative, balanced layout solutions. Also explored are
approximations that are used to guide the search process. It must be
noted, however, that the goal is not to obtain a single 'optimum
solution' for a layout problem. This is in accordance with graphic
design practice [Ruder, 1981; Gottschall, 1989; Carter & et al, 1991,
Siebert & Ballard, 1992] in which designers explore different solutions
instead of looking for the optimum one. Besides, an optimal solution
can be computationally intractable making it impossible to - a practical
system.

A generating and testing strategy is employed to find layout
alternatives and variations. The criteria used in guiding the search
direction include a set of constraints and the overall value of the balance
function that is discussed later. A Graphic grid system is used for
reducing the size of the search space in which any minimum valley
on the multi-dimensional landscape (of the visual parameters of all

graphic objects) is considered as a state of visual balance.

ftfsiets

Figure 2.1 Kepes' [Kepes
1957] analogy between visual
balance and physical balance
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In this chapter, I will describe the schematic diagram of the
methodology used in this thesis work. Then I will outline the
methodology by briefing the representations of visual knowledge and
visual balance; relating the graphic design process to layout generation;
and turning the layout problem into a search problem. A detailed
discussion about each of these three aspects will follow in the next

chapters.

The scheme of this thesis research is shown in the diagram in Figure
2.2

one of many final
layout variations

intermediate
representation

inital input data

gray boxes &
grid system out of balance balanced
Phase One
inital input data  intermediate one of many final
representation layout variations

=
.

o I 55

Iy
I

ﬁ |||||| be

text, image data

& grid system balanced

out of balance

Phase Two

The two-phase scheme in exploring visual balance and other visual
properties is drawn from visual designer’s experiences [Dondis, 1973;
Conover, 1990; Siebert & Ballard, 1992]. It should be noted that in
the diagram in Figure 2.2 the balanced layout on the right side is only
one of many possible layouts that are in the state of balance for a
given set of visual objects and constraints. It is not the goal of this
research to find a single optimal solution in searching for layout.

Figure 2.2 The scheme of the
proposed research.

In the diagram, the objects on
the left are input data and a grid
system; the layout in the
middle is the intermediate
representation to be balanced;
the one on the right is one of
many variations that is
considered in a state of balance
by the system.

Phase One: at an abstract level,
grey boxes are used to represent
visual objects that are
repository by the system to
achieve balance.

Phase Two: real data including
text and image will be used to
demonstrate the concept of
visual balance and its possible
application in the automated
layout system.

19



VisuaL BALANCE

Representation of Visual Knowledge and Visual Balance

In solving a graphic layout problem, one is concerned with two basic
kinds of knowledge: visual knowledge and content knowledge. While
content knowledge refers to such principles as to keep illustrations on
the same page as the text that refers to them, visual knowledge is
concerned with, on the other hand, principles of balance, thythm and
contrast [Arnheim, 1969; Greenlee, 1988]. Since many visual
properties, such as size, shape or color, and many visual relationship
such as left-to, above-of, or small-than, are independent of information
content, it is reasonably argued that visual knowledge may be separated
from the content [Weitzman, 1995; Feiner, 1988] and that visual
knowledge can be computationally encoded and operated. In this thesis
it is intended to only deal with visual properties and their relationships
under the principle of balance.

From the theories of visual arts and graphic design [Kepes, 1957;
Arnheim, 1974; Dondis, 1973], the following visual properties are
selected: visual weight, visual contrast, graphic attraction,
felt graphic axis, graphic optical center, visual fulcrum
center, and visual balance. The computability of each visual
property is among other considerations that support the selection.
Other visual properties, such as visual emphasis, visual tension, visual
activeness, visual rhythm and others, are treated as “invisible” or
“hidden” variables some of which are imbedded in the constraints. In a
future study, these visual properties can be incorporated into a complex
generative system with multiple representations of visual balance and
with the capability of “Affective Computing” [Picard, 1995].

Visual weight is "the dynamic power inherent in an object by virtue
of its correspicuousness, size shape, location, etc." [Arnheim, 1974],
and is defined as a function of the size, the color value, and the location
of the involved graphic object. Visual contrast is related to size
relationship (such as small-than) and color value contrasted with the
background (such as black against white has higher contrast than black
against gray background). Graphic attraction, or grouping, is used
to determine whether two or more graphic objects can be grouped
together and is defined as a function of the distance between graphic
objects.

Balance in printed
communications is a must.
We must place elements on
the page in a way that will
make them look secure and
nature--not top-heavy, not
bottom-heavy.

THEODORE E. CONOVER

GRAPHIC COMMUNICATION TODAY
1985 ST. PAUL

20



VisuaL BALANCE

Visual balance is defined as a compositional state in which visual
weights are equally distributed over the page [Siebert & Ballard, 1992].
It must be noted here that equal distribution of visual weight does not
necessarily mean a symmetric layout. On the contrary, as asymmetric
composition has a higher probability of being produced than a
symmetric one. Although it is recognized that the equal distribution of
visual weight is a multi-dimensional phenomenon [Arnheim, 1974], in
this thesis work, the system is tested on cases of two dimensions: equal
distribution of visual weight over the horizontal and the vertical
dimensions. The choice of horizontal and vertical dimenstons is based
on the following observations from human visual recognition process:
a vertical felt axis [Dondis, 1973; Arnheim, 1974] and an optical
center that is slightly above and left to the geometric center [Conover,
1992] are imposed to the concerned visual space, or the page, and the
visual objects.

optical center

mathematic center

three lines placed
line on optical center in proper position
on the page

line on mathematic center

In order to compute and manipulate the distribution of visual weights
over a page, visual torque is introduced to each graphic object (e.g.,
a headline or a picture). It is defined as the multiplication of the
object's visual weight and the distance from the fulcrum center of
the object to the visual axis of the concerned page:

felt axis
Sulcrum
center
T~
stabilizing base

Figure 2.3 Felt axis,
stabilizing base and
Sulcrum center for a
circle.

Figure 2.4 Diagrams showing
the optical center on the surface
of a page. The optical center is
the focal point or fulcrum for

placing elements on the layout.

21



Visual torque = VYisual weight X
Distance from visual axis  (Eq.21)
where
Vi ight = Area of object X
Visual contrast of object +
Position factor of object (Eq.2.2)

where Position factor is determined by the principle of visual
preference favoring lower-left corner of a page [Arnheim,
1974; Dondis, 1973], which assesses that a visual object appears
heavier in upper-right part of a page than the same object in lower-left
part. A testing system is built to estimate this factor [Yang, 1994b].

A physical system is balanced when the torques and forces of all objects
compensate each other and thus the total torque of the system is zero.
Based on the analogous comparison to balance of a physical system, I
argue that visual balance of a graphic system (that is, a layout) is
said to be achieved when the total torque of all involved graphic

objects is near zero:

Total torque = 2 Torque of each object
= 0 (Eq.2.3)

This equation will be referred as balance equation or balance
Junction throughout this thesis. This equation is used to evaluate the
balance value of a generated graphic layout in a process of searching for
the state of visual balance. 