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Abstract
Fitting the strokes of a sketch into geometrical primitives is still an open problem, even for sketches which de-
pict bare line-drawings without annotations. Such sketches comprise only discrete strokes, sequences of points
obtained between a pen down and a pen up.
It is commonly accepted that the best perceptual fittings depend on the context. Hence, we will only be able
to extract the best line-drawing from a sketch by considering a complex recognition flow, where lines must be
iteratively fitted according to different tentative relationships until the most plausible line-drawing is reached.
The recognition task considered in this paper is determining whether a stroke represents a straight line. The goal
is doing it in a way that allows for iterative recognition flows. The novel contributions are that our approach is
more fast and robust than accurate, uses perceptual criteria to classify strokes, and returns likeliness instead of a
simple yes/no.

Categories and Subject Descriptors (according to ACM CCS): I.3.3 [Computer Graphics]: Picture/Image
Generation—Line and curve generation; I.4.6 [Image processing and computer vision]: Segmentation—Edge and
feature detection; J.6 [Computer Aided Engineering]: Computer Aided Design—CAD.

1. Introduction

CAD packages aimed for users ranging from beginner to
competence are, to some extent, teaching the user to draw.
Thus, it makes sense to start with a geometric idea of what
a primitive ought to look like, and make the user draw
it that way. However, outstanding designers still complain
that “CAD systems still haven’t quite made that as easy as
pen and paper” [Wil12]. To make full use of their concep-
tual design and innovation talents, outstanding designers re-
quire a sketching environment which is fully integrated with
the subsequent phases of the design processes ( [CCV∗09];
[JGHD09]).

Thus, we aim to develop new computer-aided conceptual
design tools based on the criteria introduced by Van Dijk
[VD95]. In particular, our approach is centred on sketched
input. The long term goal is a Computer-Aided Sketch-
ing (CAS) package which should produce beautified line-
drawings from engineering sketches, and then produce 3D
models from the beautified line-drawings. But the user intent
is difficult to extract since the freehand input is ambiguous
in nature [MSR09]. The process to find the best perceptual

arrangement of lines of a line-drawing depends on the con-
text [IMKT97]. Hence, we will only be able to determine
such best beautified line-drawing by considering simultane-
ously all the mutual relationships between all the lines of the
line-drawing extracted from the sketch.

We seek an approach where strokes are fitted into the most
plausible types of lines, and then lines are beautified to pro-
duce the most plausible arrangement. But we cannot forget
that strokes depicting polylines must be segmented before
fitting, and lines fragmented into multiple strokes (dashed
lines, for instance) must be grouped.

It follows that the process must be iterative (non-
sequential), to compare different assumptions until a reason-
able solution is reached. This means that we must run the
fitting algorithms repeatedly, until the most plausible fit is
reached. Hence, fast fits are more important in this context
than accurate or ultra-accurate fits used in other ambits like
image vectorization.

In addition, plausibility must be automatically evaluated.
On the contrary of Murugappan et al. [MSR09] notwith-
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standing, we do not pursue systems where different “sugges-
tions” are obtained and the user must select the best. In fact,
we do not seek the straight segment that best fits one par-
ticular stroke. Instead, we try to determine whether or not
this stroke is perceived as depicting any straight segment.
The particular segment depicted by the stroke is less impor-
tant: it will be beautified after fitting, as fitting cannot take
into account the context, while beautification can. Thus, our
new approach is based on perceptual considerations, as it
follows Saund and Moran’s WYPIWYG concept (What You
Perceive Is What You Get) [SM94].

This paper explains the first part of our current work,
where the second part is aimed at detecting candidate elliptic
arcs [CPV15] and the third part is aimed at finding the most
plausible beautified line-drawing that can be extracted from
the input sketch. All together will constitute a fitting method,
but they have been divided because of their complexity and
in order to reduce the controlled variables in every study. In
turn, the fitting method, together with suitable segmenting
and grouping methods found in the literature, will constitute
a perceptually based recognition approach.

The paper is structured as follows: Section 2 describes re-
lated work. Section 3 considers the perceptual problem. In
Section 4, we describe a perceptually-based algorithm aimed
at introducing likeliness in automatic perception of straight
lines. Finally, in Section 5, we evaluate the approach measur-
ing its ability to produce the same interpretation as humans.
Section 6 presents our conclusions.

2. Related work

Since the early stages of sketch recognition [Rob63], se-
quential flow approaches have been predominant in sketch
input. The recent approach of Wang et al. [WWGY13]
is typical: stroke preprocessing precedes feature detection
which precedes a hybrid-based classifier (Kara and Sta-
hovich [KS04] and Hammond et al. [HLP∗10] are other ex-
amples). Such sequential recognition flows cannot take into
account context dependencies. Only now are iterative flows
being considered, one example being the loop to detect over-
traced strokes in Wang et al’s FSR approach [WQG14].

Many approaches have been proposed for stroke-
classification/fitting-straight-lines, ranging from the sim-
plest, which compares chord lengths [QWJ01], to the most
popular, using the Hough transform [DH72].

Some other recognition approaches have been developed
or adapted specifically for Sketch-Based 3D Modelling ap-
proaches (SB3DM). Shpitalni and Lipson apply linear least
squares fitting to a conic section equation [SL97]. Qin pro-
poses a method for classifying pen strokes based on adap-
tive thresholds and fuzzy knowledge with respect to the lin-
earity and convexity of the curves [Qin05]. Zhang et al.
summarise older approaches, and propose a seeded segment
growing algorithm for extracting graphical primitives from a

stroke [ZSZL06]. They try to refine their control parameters
by using relationships between primitives. Their algorithm is
reportedly reliable for detecting straight segments. A variant
of the Hough transform for SBM was recently introduced by
Plumed et al. [PCV13].

The first problem is that all those approaches assume that
the stroke fits into a straight line. Hence, the only possible
acceptable outputs are the best geometrical fit or a failure
condition. In our approach, we ask for a fit before we know if
this fit is viable and desirable. Thus, we seek likeliness, ins-
tead of deterministic evaluations (yes/no) that do not allow
for collaborative-decision recognition flows.

The second problem is that filters used in SBM ap-
proaches are specifically aimed at removing sketching noise
(which is usually much bigger and less isolated that opti-
cal or electronic noises, common while processing camera
images). In addition, to the best of our knowledge, thresh-
olds used in this literature were estimated by the authors
without taking into account how well they correlate with hu-
man perception. The excellent approach suggested by Shpi-
talni and Lipson in 1997 is still representative: a minor to
major axis ratio 1:20 is used to distinguish strokes depict-
ing elliptic arcs from line segments. This ratio is heuristic
and was based only on the authors’ observations. This ex-
ample illustrates how arbitrary choice of thresholds governs
the behaviour of existing algorithms. Our claim is that those
thresholds should be re-evaluated to agree with human per-
ception.

Finally, two considerations are needed to better fix the
scope of this work. Firstly, while building sketch understand-
ing systems, an important distinction must be done between
systems aimed at producing 2D formal and structured rep-
resentations, from those aimed at producing 3D models. In
SB3DM, the beautified line-drawing is just an intermediate
output. For instance, Murugappan et al.’s paper [MSR09] is
very 2D-specific (one sole image depicts a 3D object, and
the implicit geometric constraints inferred are limited to end-
points coincidence), and the reliance on 2D constraint solv-
ing means that it can be hardly extended to interpreting 2D
drawings of 3D objects, as it beautifies the drawing in ex-
cess (which may prevent using the drawing to produce the
3D model). Secondly, our approach deals with what Onkar
and Sen [OS10] call defining-strokes, containing minimal
information: only coordinates of points plus time elapsed
from previous point. This input would be classified by Chan-
sri and Koomsap [CK12] as“Non-overtraced online freehand
sketches”.

3. Perceptually-based fitting line-segments

Our intention, when classifying strokes, is that very good
strokes are identified as straight, very bad strokes are identi-
fied as not straight, and in between there are doubtful cases
to which a merit figure is assigned.
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To this end, our approach uses the Tolerance, which is a
well-known concept in Geometric Dimension and Toleran-
cing for measuring the “straightness” of a line (ISO 1101-
1983). Given the bounding box of the line and defining x-
range and y-range as in Figure 1, the absolute tolerance of
straightness is:

Tolerance = |y− range| (1)

The lower this parameter is, the straighter the stroke is
considered to be.

One important concept in manufacturing is surface finish,
where the nature of a surface is defined by the 3 characteris-
tics: lay, surface roughness, and waviness. They define the
small local deviations of a surface from the perfectly flat
ideal. When representing 3D surfaces in 2D, we lose the
lay parameter which determines the main direction of the
surface texture and it is related to the machine tool used.
Surface “irregularities” are then determined by long wave-
length shapes or “waviness” and short wavelength features
or “roughness”, so that waviness is a kind of carrier wave
and roughness is the modulation over it. Its measurement
and control are part of a frame work of Geometrical Prod-
uct Specifications (GPS) standards (like ISO 4287:1997).
But, since we are not considering imperfections of actual
shapes, we have replaced the term waviness by undulation
and roughness by oscillation, which are terms commonly
used to measure noise in signal processing. To sum up, in
this paper, undulations are low frequency changes in the di-
rection of the stroke around the theoretical straight line while
oscillations are high frequency changes.

At this respect, we note that Tolerance parameter does not
distinguish whether the lack of straightness results from os-
cillations or undulations.

Figure 1: Representation of the bounding box and its dimen-
sional parameters.

To determine the limits of acceptance of humans, we need
to ask humans in experiments asking individuals from repre-
sentative populations. We have designed and implemented
questionnaires to identify which strokes humans perceive
as depicting straight lines, and which they consider cannot
be straight lines. The difficult point here is that experiments
must identify psychological behaviour, without accidentally
misinterpreting learned behaviour of particular subjects as
general perceptual behaviour. To ensure the efficiency of the
experimental analysis we fulfill the requirements proposed

by Simmons et al. [SNS11] when designing experiments.
One of the common rules to finish the data collection is to
collect valid responses of at least 20 subjects.

We briefly describe the two experiments we performed.
The intention of our experiments was to validate or reject
the following hypotheses:

1. Tolerance matches human perception of relative straight-
ness of lines.

2. Humans are more prone to interpret undulations as in-
tended alternative shapes, while they are more prone to
interpret oscillations as involuntary errors.

3.1. Experiment #1 to mimic human perception

We conducted an experiment comparing the relative straight-
ness of a new set of twelve strokes (Figure 2), of similar
length and orientation but with increased values of Toler-
ance.

Figure 2: Example strokes for the relative straightness test.

We interviewed a sample of 22 subjects (mainly engi-
neering teachers and students, plus a few from other back-
grounds). They were given the set of twelve strokes on
separate A6 sheets which had been shuffled to randomise,
and were asked to re-order the sheets in order of decreas-
ing straightness. No differences due to subject backgrounds
were detected in the results.

We conclude that Tolerance usually matches human per-
ception. 18 subjects out of the 22 classified Strokes 1, 2,
3 and 4 as good; Strokes 6 and 7 as average, and Strokes
10, 11 and 12 as poor. This result is statistically signifi-
cant (p(X ≥ 18) = 0.0021, in the binomial distribution B(22,
1/2), and assuming an alpha level of α = 0.01). In a com-
plementary study [PCV14], we concluded that discrepancies
are explained because humans understand that corners break
straightness more than undulations do.
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3.2. Experiment #2 to mimic human perception

To validate the hypothesis that humans generally distinguish
oscillations from undulations, and are more prone to inter-
pret undulations as intended alternative shapes, while they
are more prone to interpret oscillations as involuntary errors,
we defined a new set of strokes, similar to the previous group
but including oscillations, as shown in Figure 3.

Figure 3: Example strokes with oscillations for the relative
straightness test.

Then we asked another 22 subjects (again, mainly engi-
neering teachers and students, with a few from other back-
grounds) to order A6 sheets containing the twelve oscillat-
ing strokes in order of decreasing straightness. Results de-
tailed in a complementary study [PCV14] show that oscil-
lating strokes are ordered by humans in the same way as
non-oscillating ones. This result is statistically significant
(p(X ≥ 16/22) = 0.021), with a significance of α= 0.05 and
confirms that oscillations are perceived separately from un-
dulations, as when all the compared strokes contain the same
sort of oscillations, humans filter out the oscillations and
classify the strokes using corners and undulations.

In that study [PCV14], we also observed that some
subjects mentally filter out oscillations and evaluate the
smoothed stroke with a penalty, reducing the mark from
good to average or from average to poor.

3.3. Experiment #3 to mimic human perception

Based on results of Experiment #2, we deduce that a signif-
icant part of the population seems to mentally filter oscilla-
tions and perceive the straightness of the underlying stroke.
To validate or reject this new hypothesis, we randomly
mixed two oscillating with ten non-oscillating strokes, with-
out repeating any type in the same set.

We interviewed 32 new subjects, divided into two groups.

In the first group, we performed sixteen different tests us-
ing four strokes of types 1,6, 7 and 11 (as they had proved to
be more stable in their perception), and only two randomly-
chosen strokes of the 12 oscillating types. In the second
group, we asked the other 16 subjects (mainly engineering
teachers and students, with a few from other backgrounds)
to order these mixed sets. In this case, the sets comprised ten
non-oscillating strokes plus two oscillating strokes, where
the oscillating strokes were selected only from the good and
average subsets (excluding Strokes -9 to -12).

The first results showed that between 30 and 50% of the
subjects listed the two oscillating strokes as the least straight.

Results also show that everybody distinguishes oscilla-
tions from undulations, but in two different ways. Some in-
terviewed subjects discarded oscillating strokes because of
their poor quality as geometric straight lines. Other subjects
mentally filtered out oscillations and evaluated the smoothed
stroke. Our observation was reinforced by the queries of
some subjects asking whether they had to pay attention or ig-
nore the lack of “smoothness”, “flatness” or “horizontality”
of some lines (their queries were not answered). Analysing
in more detail the group of subjects who spontaneously
smoothed the oscillating strokes, we found that they did
not consider oscillating strokes to be quite as straight as
their smoothed equivalents; oscillating strokes are devalued
to some extent. There are even cases where all oscillating
strokes, good and bad alike, were placed together as an in-
termediate category, worse than good non-oscillating strokes
but better than bad non-oscillating strokes—instead of re-
ducing the judged quality of the stroke, the oscillations re-
duced the subjects’ ability to judge the stroke.

To investigate this further, we modified the experiment,
including only oscillating strokes of the first two groups (-
1 to -8) as we assume that oscillating strokes of the last
group (-9 to -12) would not be assessed ahead of their non-
oscillating equivalent (and, obviously, cannot be placed be-
hind their equivalents). As we suspected that subjects with
knowledge of engineering concepts (such as signal/noise or
surface imperfections) may be more prone to filter out oscil-
lations, we interviewed only subjects with engineering back-
grounds (so our conclusions would not be valid to describe
human perception in general, but we are interested here in
how engineers perceive sketches). Since some subjects re-
turned segregated sets of strokes, more subjects were inter-
viewed until we had 16 non-segregated classifications.

Since no simple and systematic penalty can be observed
(perhaps the sample is too small to quantify it), we cannot
validate the fifth hypothesis. However, we still can conclude
that the devaluation exists, and many of the subjects (at least
50%, and more in the case of subjects with engineering back-
grounds) tend to evaluate the smoothed line for straightness
and then reduce the mark from good to average or from av-
erage to poor.
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4. Perceptually-based algorithm for fitting
line-segments

As described in Section 2, the common approaches for fit-
ting a straight line with unknown parameters to a set of
stroke points are geometrical: based on minimising the total
error between the stroke and the fitted line. They are time-
consuming and add a geometrical precision which is unnec-
essary for interpretation of sketches. Instead, we are inte-
rested in determining whether the stroke depicts a straight
line, not which line it depicts. Thus, the new approach works
in two stages: calculate a reasonably good and very fast fit,
and calculate how well the stroke fits into a narrow tolerance
band around the fitted line.

Our approach starts by finding the straight line which con-
nects the two endpoints of the stroke. This is the most ob-
vious perceptual fit we could use, since endpoints coinci-
dence is the simplest and quite usual way to interact with
other neighbourhood strokes [IMKT97]. In fact, other geo-
metric constraints (horizontal or vertical alignment, paral-
lelism, perpendicularity, etc.) can hardly be introduced at
this stage, as they clearly depend on the context, which is
yet undefined. Although we are currently analysing isolated
strokes, we must remember that they are assumed to belong
to a sketch. Hence, in the pursued full recognition approach,
perceptual relationships with neighbour strokes will be more
important than geometrical straightness, position or orienta-
tion. For example, in Figure 4, people perceive Stroke 0 as
connected to Strokes 1 and 3, and parallel to Stroke 2, re-
gardless of the position and orientation of any geometrical
fit, and even regardless of the quality of the sketch (good in
Figure 4 left, poor in Figure 4 right).

Figure 4: Examples of mutual relationships between strokes.

From the line which connects the two endpoints, we de-
termine whether the stroke depicts a straight line, not which
line it depicts. To this end, we chose the Tolerance metric.
Finally, as we do not need a hard yes/no classification, we
compare the tolerance of the stroke with two thresholds:
minimum and maximum tolerance (respectively TolMin and
TolMax). For tolerances between these two values, this re-
turns a figure of merit between 0.0 (no) and 1.0 (yes).

The main stages of the algorithm are as follows:

1. Define the segment as the straight line connecting both
endpoints of the stroke.

2. Calculate the slope of the line, and rotate the stroke.
3. Calculate Tolerance for the original stroke.

4. If Tolerance is below the minimum tolerance, accept the
stroke as a straight line with a figure of merit of 1.0 (cer-
tain), and end the algorithm.

5. Smooth the stroke (to prevent oscillations from affecting
how it is to be evaluated as a straight line), and store the
number of smoothing stages (NSS).

6. Calculate Tolerance for the smoothed stroke.
7. Assign a merit figure of 1 for Tolerance below TolMin,

0 for Tolerance above TolMax, and linearly decreasing
from 1 to 0 within this range (so as to distinguish good,
average and poor strokes).

8. Reduce the figure of merit for oscillating strokes, depen-
ding on a devaluation parameter (Penalty) and the number
of smoothing stages (NSS): Merit = Merit − Penalty ∗
NSS. Negative merits are not allowed.

Figure 5: Minimum and maximum tolerance bands for the
twelve strokes of Figure 2.

The orthogonal bounding box of the rotated stroke gives
good initial estimates of the stroke’s length and width. Such
geometrically imprecise metrics do not conflict with our per-
ceptual approach since they are not deterministic and this is
an early step in a complex flow where dubious decisions will
be revisited in the light of redundant, contradictory or merely
related cues.

4.1. Smoothing

There are well-known techniques for removing high fre-
quency oscillations [Vas08], of which moving average (or
rolling average) is perhaps the most popular. However, it
is also well-known that estimating the right parameters for
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distinguishing noise from signal is critical [Dur59]. Since
we are interested in what humans perceive, we opted for
a very simple method which can be easily controlled by
those parameters which seem to be the most important for
humans: corners and width. Thus, our approach removes
“micro-corners”, taking advantage of the fact that strokes
are sequences of points (not clouds of points) to sequen-
tially remove alternate points of the stroke as long as the
smoothed stroke still contains corners, and while the width
of the resulting stroke is still similar to the width of the origi-
nal stroke. The metric for similarity is the maximum permit-
ted variation in the stroke width while smoothing it, defined
as threshold TolSmooth—we only remove alternate points
whenever their mutual distance is lower than 2∗TolSmooth.
The number of smoothing steps (NSS) required for every
stroke is recorded. The effect of smoothing can be seen in
Figure 6.

Figure 6: Oscillating and undulating stroke (above), after
four smoothing steps (centre), and similar undulating but
non-oscillating stroke (down).

The approach uses one of three segmentation methods to
find corners: IStraw (as implemented by Xiong and LaViola
[XL10]), Shortstraw [WEH08] and Sliding strips (proposed
by Masood and Sarfraz [MS07]). The initial choice is made
by the user, with IStraw as the default. Since IStraw requires
timing information, if it is selected but no timing information
is available, Shortstraw is used instead.

Note that, although corners are calculated, strokes are not
actually segmented, since we attempt to fit the line before
deciding whether the stroke must be segmented. Here, we
only use segmentation information at that end.

5. Analysis

In this section we first determine the best tuning parame-
ters for our approach. We then evaluate the ability of the ap-
proach to produce the same interpretation as humans. Next,
we evaluate running time, showing that the approach im-
proves over NHT [PCV13] for all reasonable input and is
fast and reliable enough for an on-line Sketch-Based Mode-
lling application. A more detailed analysis of the algorithm

shows that it generally behaves as humans do, but that it is
sensitive to variations in two of its four parameters and that
it is still unable to solve some pathological cases.

5.1. Performance of the algorithm for fitting line
segments

Applying the same set of examples to our algorithm, our
algorithm was found to replicate human behaviour for the
following recommended parameters: TolMin 3.5% of the
stroke’s length (measured as the bounding box length), Tol-
Max 7.0% of the stroke’s length, TolSmooth 1.0% of the
stroke’s length, and Penalty 10% for every smoothing step.
These values are validated with the sensitivity analysis de-
tailed in section 5.4. The recommended values are in the
proper range.

Table 1 shows the figures of merit returned by the algo-
rithm and the number of smoothing steps required for each
stroke.

Table 1: Figures of merit returned by the algorithm

From Table 1, strokes with a figure of merit equal or
greater than 0.5 correspond to strokes perceived as accept-
able by humans, and this criterion could be used in situations
where an immediate yes/no decision is preferred.

5.2. Running time

Figure 7 illustrates the practical time complexity of the Tol-
erance and NHT algorithms (run time is in milliseconds and
size is the number of points in the stroke). The critical stage
of the Tolerance algorithm is the smoothing oscillation pro-
cess, but this stage is only executed when the stroke does not
reach the highest possible figure of merit (1.0), thus the al-
gorithm has a different time cost depending on whether the
stopping criterion of step 3 is met or not: it has a fast re-
sponse, O(n0.54), when NSS=0 (red line regression), and a
slower one, O(n0.88), when NSS > 0 (green line regression).
The NHT algorithm (orange line), although having a lower
time complexity, O(n0.38), has a much higher time constant
and is, as expected, slower overall.

We can thus conclude that our algorithm is fast enough for
use in an on-line SBM application.
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Figure 7: Run time comparison between Tolerance and NHT
algorithms.

5.3. General performance

To compare the results of the Tolerance algorithm with hu-
man perception, first we calculated how often the subjects
classified each stroke as good, average or poor, using the
results of Experiments #1 and #2, where strokes with and
without oscillations were independently classified, and of
Experiment #3 (explained in detail in the complementary
study [PCV14]), where both types of stroke are randomly
combined. As Table 2 shows, figures of merit from the Tol-
erance algorithm fit well with frequencies of Experiment #3
if we apply the following criteria: the stroke is classified as
good when its figure of merit is ≥ 0.5; as poor when its fig-
ure of merit is zero, and average in other case.

Table 2: Perception frequencies of experiments and figures
of merit returned by the algorithm

Comparing the results of the experiments with the mer-
its calculated by the algorithm, we can see that, in general,
the algorithm replicates human judgement, but does not fit
correctly the perceptual results for Strokes 7, -3 and -4 in
Experiment #3. These cases are analysed in more depth in
Section 5.5.

5.4. Sensitivity analysis

We performed a sensitivity analysis to determine the ro-
bustness of the Tolerance algorithm to variations in the tu-
ning parameters. The algorithm uses the four parameters de-
scribed in Section 4 (TolMin, TolMax, TolSmooth, Penalty)
and tuned as described in Section 5.1. We varied all parame-
ters in steps around their recommended values to find the
ranges within which the parameters still work reasonably
well (Table 3), and determined how many more mistakes the
algorithm makes.

We conclude that the algorithm is sensitive to TolMin and
TolMax, and the mistakes increase as soon as the parameters
vary slightly from their recommended values. The algorithm
is robust to varying TolSmooth and Penalty as they do not
influence those cases where NSS=0 (Table 3), or when the
merit is assigned directly (1 for Tolcob < TolMin or 0 for
Tolcob > TolMax). However, we shall see their influence in
more detail in the next section.

Table 3: Parameters of the algorithm and their recom-
mended range of values

When TolMin equals TolMax, strokes cannot be classified
as average and the figures of merits only have two possible
values: 0 or 1.

5.5. Pathological cases

As mentioned above, the algorithm does not correctly fit hu-
man perception for Strokes 7, -3 and -4 in Experiment #3
(Table 2). Here we study these examples in detail, as they
are representative of the most common pathological cases
found during the experiments.

Stroke 7 has a sharp undulation close to its right end point
(Figure 8). This isolated undulation affects the location of
the tolerance bands, resulting in a low figure of merit. Fur-
ther, the smoothing Penalty (the Stroke 7 requires 4 smoo-
thing steps) reduces the merit to zero. However humans
seem to filter out this isolated undulation, as Table 2 shows
for both Experiments #1 and #3 that humans usually clas-
sified Stroke 7 as average. Reducing Penalty (from 10% to
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7%) results in a figure of merit which classifies the stroke
according to human perception, but this smaller Penalty is
not a good general value, since other strokes (5 and -3 in the
example) would then be classified incorrectly.

Figure 8: Stroke 7 and the tolerance bands (according to
TolMin and TolMax parameters).

Stroke -3 (Figure 9) is a particular case where human per-
ception seems anomalous. Subjects tend to classify the os-
cillating strokes used in Experiments #2 and #3 as (1) be-
longing to the same group as their equivalent non-oscillating
strokes, or (2) moved to the next lower group. However in
this case, most subjects classified Stroke -3 as good in Ex-
periment #2, while they mainly classified it as poor in Ex-
periment #3. Notwithstanding this anomaly of human per-
ception, the algorithm still behaves as humans do.

Figure 9: Stroke -3 and the tolerance bands (according to
TolMin and TolMax parameters).

In Experiment #2, all polled subjects classified Stroke -
4 (Figure 10) as good; in Experiment #3, 75% of subjects
classified Stroke -4 as average, while 25% still classified it
as good. Since the underlying stroke (after smoothing out os-
cillations) has no noticeable undulations, those subjects who
perceive the underlying shape tend to classify this stroke as
good, while those who perceive oscillations as imperfections
are liable to classify it as average or even poor.

The algorithm behaves in a similar way: The smoothed
stroke is good (it fits within the minimum tolerance band) but
devaluation may make it appear as average, as this example
is very sensitive to Penalty—increasing Penalty from 10%
to 11% would switch the stroke from good to average.

Figure 10: Stroke -4 and the tolerance bands (according to
TolMin and TolMax parameters).

Finally, the approach has proved unable to process self-
intersecting strokes (Figure 11) correctly: the approach re-
turns a shorter line than the psychologically expected one.
We intend to solve this drawback in future versions by
adding a check to detect cases where the stroke bounding
box is longer than the segment length.

Figure 11: Self-intersecting stroke, and its fitted segment.

6. Conclusions

Humans produce sketches which are inherently imperfect
from the point of view of geometry, but human perception
includes the ability to filter out imperfections and detect
the underlying geometry. Current recognition approaches are
biased towards geometrical accuracy or ultra-accuracy, and
pay insufficient attention to human perception. We argue that
algorithms should accept what humans accept, should reject
what humans reject, and should doubt where humans doubt.

The contribution here is twofold. Firstly, we propose
a new algorithm which matches human interpretation of
straight segments acceptably well and is fast enough for use
in online applications. Secondly, we report the results of ex-
periments to determine which strokes humans perceive as
depicting straight lines, and which they consider cannot be
straight lines.
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