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Abstract. Diagrams mediate thinking and understanding largely through
the human visual system’s innate ability to perceive visuo-spatial struc-
ture. Tools for working with diagrams will benefit from the ability of
machines to identify visual structure in concert with their human users.
This poster and its companion summarize recent progress in perceptually-
supported diagram creation and editing. In particular, our research group
has deployed a document image editing program realizing some measure
of Gestalt Perceptual Organization for sketches and diagrams.

1 Background: Diagrams as Input versus Diagrams as
Intrinsic Representations

Over the past decade many investigators have identified the goal of building
“intelligent” computer programs for human work with sketches and diagrams. In
their envisionments, many of which have experimental implementations, the user
draws and annotates in freehand strokes using pen and paper or digital stylus on
instrumented whiteboards or tablets. The machine parses and recognizes these
markings, then responds by cleaning up or “beautifying” drawings, accessing
databases, performing simulations, or invoking reasoning engines [15,8,9,5,1,
16,14,7,13].

By and large, most work in this area is focused on providing naturalistic pen
interfaces as input mechanisms—input to graphics formatting and presentation
programs, input to database search queries, input to reasoning systems, etc. The
value-added smarts of the computer is viewed as residing in domain knowledge
and competence, while the greatest barrier to actualizing this competence re-
mains the difficulty of achieving robust and accurate machine interpretation of
diagrammatic input.

To mitigate this problem, a common and sensible strategy has been to place
strong limits on what may be drawn by the user, and apply correspondingly
strong prior constraints about what can be recognized by the system [2]. For
example, one group has demonstrated the ability to interpret closed polygonal
paths as two dimensional-projections of solid objects [1], while another has shown
that arrows drawn in idiosyncratic ways can be recognized in the symbology of
military diagrams [5]. In systems of these designs it is important that ambiguity



in the interpretation of any given input marking be eliminated quickly. Otherwise
is to risk combinatorial explosion in the mapping of input primitives (eg. pen
strokes) to the components of domain model shapes.

We observe however that another stance is possible with regard to building
smart, perceptually-enabled diagram manipulation tools. This approach focuses
less directly on mapping from a diagram to domain content, but instead views
the diagram as an object of interest to manipulate in its own right, i.e., as a
form of external working memory. The process of drawing and elaborating and
re-working a diagram engages the perceptual system to form multiple overlap-
ping interpretations consisting of different segmentations and groupings of the
primitive markings. On this hypothesis, these motor and perceptual processes
in turn engage cognitive processes to conceptualize domain content in different
ways, corresponding to alternative, sometimes partial, sometimes only partially
coherent, “parses” of the diagram.

2 Perceptual Organization and Diagram Analysis

Perceptual segmentation and grouping processes are associated with the Gestalt
principles of Psychology, dating originally to the early 20th century but receiving
attention in the contemporary study of Computer Vision [17,12,6,11,18,3,4,
10].

While human vision is remarkably adept at recognizing known objects or
object categories in complex scenes, it is equally capable at finding patterns
and creating sense out of utterly unfamiliar imagery. Aspects of visual scene
analysis occurring apart from object recognition per se include figure/ground
segmentation; segmentation of regions into coherent objects; assigning relative
depths to surfaces; detection of potentially interesting or novel events; factoring
shadows and other lighting effects from geometrical properties; tracking moving
objects; and detecting coherent motion among disparate motion cues. The eco-
logical rationale for visual systems possessing these abilities has been discussed
at length [18]. The Gestalt psychologists set out to understand perception via
simple figures that distill salient visual properties or pattern qualities that in
natural scenes are found in confluent abundance. As markings on paper, many
of these figures bear notable similarity to the representational constituents of
diagrams.

The Gestalt principles of primary concern in diagram analysis include Smooth
Continuation, Figural Closure, Spatial Proximity, Symmetry, and Feature Simi-
larity. See Figure 1. While these principles offer explanatory power in accounting
for human perceptual capabilities, they have proven extremely difficult to for-
malize as algorithms for computer programs. Although each of these principles
is intuitively associated with formal geometrical properties (e.g. smoothness ~
continuity in the derivative of contour tangent direction; closure ~ a topological
donut) the perceptually relevant phenomena are “fuzzy,” or tolerant to devia-
tions from straightforward mathematical formulations. Moreover, these princi-
ples interact and trade off with one another. Computer Vision lacks any adequate



formulation for uniting the various Gestalt phenomena under a common theo-
retical or algorithmic framework.
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Fig. 1. Illustrations of five Gestalt principles of visual perceptual organization. a. The
central figure appears to be a combination of parts having smooth boundaries. b. The
top dot appears to fall on a foreground object defined by a nearly closed boundary
contour, while the bottom dot appears to lie on the background. c. The apparent
visual partitioning of the text based on proximity overrides a partitioning based on
semantic content. d. The curves that appear to go together are the pair forming a
bilateral symmetry. e. The curve appears to continue from point B on the basis of
similarity of its local properties.

Nonetheless, work in our laboratory suggests that tools for working with di-
agrams can benefit from the ability to identify visual structure in accordance
with the Gestalt laws, even at today’s relatively primitive level of technologi-
cal development. Perceptual grouping is useful in at least two ways. First, as
machines become capable of perceiving visual structure corresponding to that
readily identified by human users, user interface techniques can be devised that
permit people to select and manipulate salient collections of visual markings at
will, and thereby reconfigure diagrams according to their imaginations. Second,
successful perceptual organization offers a stable foundation for recognition of
symbols, shapes, notations, and domain objects. Not only do visually salient
segmentation and grouping raise significant structure above noise, clutter, and
imprecision in drawing and imaging, but these processes inherently make avail-
able alternative interpretations of locally ambiguous image data, which simplifies



processes for matching configurations of lines and symbols to libraries of known
shapes and notations.

The companion poster to this one presents a prototype application, called
ScanScribe that demonstrates how visual structure at the level of Perceptual
Organization can be exploited to facilitate selection and editing of visually salient
figural objects in diagrams.
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