








 

 

CAD application; c) mark the locations of the segmentation points and save their coordinates in layers 
corresponding to each segmentation point. 

Before storing the coordinates, we first had to decide which segmentation points they belonged to. To do 
this, we first analysed all the answers and produced templates containing the different segmentation points, 
using frequency and position as our two criteria. The most frequently used segmentation points were 
numbered first. Points distant by more than a threshold from those previously marked were considered 
distinct. After analysing the results, some segmentation points were merged (for example, in figure 7, points 
A33 and A8 were merged when we noted that nobody had marked both). 

A very small number of answers that we all agreed showed that the segmenter had misunderstood the 
experiment were compiled but not processed. 

 

Figure 7: Template indicating the approximate locations of the different segmentation points introduced by 
different subjects. 

4 Analysis 

Qualitative results for the chain plate of the experiment 1 are shown in figure 9, where every 
segmentation point of the chain plate marked by any of the segmenters has been superimposed. Analysing 
the results of the experiment 1, we can conclude that our first hypothesis is valid, as quality of sketches has 
clearly influenced the perception of segmentation points. 

  

  

Figure 8: Superimpositon of every segmentation point marked by any segmenter. 
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However, our results suggest that the grading (poor, average or good) which we gave to the three selected 
sketches does not always fit with the dispersion in the segmentation points found by the segmenters. The 
chain plate sketch considered as average (upper right in figure 8) was marked with more erroneous 
segmentation points that the sketch graded as poor (lower left). We conclude that some of the grading 
criteria we followed were wrong. For example, we assumed that overtracing makes a sketch more difficult to 
perceive, but this seems not to be so. On the other hand, greater the topology and geometry distortions appear 
to be distracting for the segmenters (and the greater the distortion, the more distracting they appear to be). 
More studies are needed to determine a method of grading the quality of sketches aimed particularly at the 
segmentation process. 

We can note in passing that the exact line drawing (Figure 8, upper left) also led to in some erroneous 
segmentation points. This result appears to contradict our hypothesis that in good drawings everyone should 
perceive the same segmentation points. However, most of these erroneous points come from the 
misunderstanding already noted: some segmenters said that they had thought that full circles were not arcs, 
and should thus be segmented, and decided to break the circles into two halves or four quadrants. It is 
interesting to note that, having segmented full circles, some of them propagated their segmentation points to 
the surrounding concentric external arcs, perhaps because these too encompassed more than 180°. 

The same results can be confirmed through qualitative analysis of pipe flange segmentation as shown in 
figure 9. 

  

 

Figure 9: Superimpositon of every segmentation point for the pipe flange drawing. 

As can be seen in figure 10, the second experiment clearly validates one aspect of our second and third 
hypotheses: no significant differences can be found between segmentations with and without auxiliary lines. 
Only a few segmenters marked some intersections between edges and dimensions (e.g. the upper arrow of 
the diameter 45 dimension in the left side). However, one main question which remains unanswered is 
whether or not the prior perception of the 3D shape depicted in the drawing is important when uncoupling 
edges from the remaining lines. Another factor which could have contributed to the result is previous 
knowledge of the meaning of those symbols—all of the segmenters for this experiment had some exposure to 
technical drawing (this was considered a requisite, since we believe that interpreting multiple orthogonal 
views is a non-natural ability acquired through training and practice). Finally, more experiments should be 
required to determine the exact impact of noise in the segmentation process. 
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Figure 10: Superimpositon of every segmentation point for the second experiment. 

The results of our third experiment, shown in figure 11, cannot be used to validate our fourth hypothesis. 
It certainly seems that segmentation points are as dispersed (and possibly more dispersed) in the flat 
drawings of the first experiment as in the 3D shapes depicted in the second and third experiments. This 
would be what we would expect. 

However, there are methodological problems with the third experiment which could “pollute” our results. 
Firstly, the instructions explicitly asked the segmenters to perceive a three dimensional shape for the second 
and third experiment. Secondly, while many of the segmenters in the first experiment had no technological 
background, all of the segmenters in the second and third experiments had had previous exposure to 
technical drawings. Although we do not believe that training or practice is anywhere near so important when 
interpreting axonometric drawings as when interpreting multi-view drawings, time constraints meant that the 
segmenters performed the third experiment as performed the second experiment. 

Thus, although we believe that, left to themselves, people would first perceive the 3D shape and then 
produce a segmentation influenced by this perception, we cannot as yet claim any experimental evidence to 
validate this belief. 

      

Figure 11: Superimpositon of all segmentation points for the third experiment. 
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We can, however, confirm one result which was partially observed in the previous experiments. 
Segmentation points located on those junctions where two or more straight segments meet are perceived by 
almost all segmenters, and the location of those points is very precise (dispersion is very low). Segmentation 
points located on junctions where more than two lines meet are also readily perceived, irrespective of 
whether the lines are straight segments or arcs. We regard this result as conclusive—no further studies are 
required about segmentation points located on junctions where three or more lines meet, or two straight lines 
meet. 

Segmentation points located at tangential junctions of two arcs or one straight segment and one arc seem 
to be more difficult to perceive, as a significant part of the segmenters failed to mark them. The dispersion in 
the location of those points is high. 

We have calculated the average positions of all the segmentation points (figure 12 left), and the average 
position of those points that are perceived by most than 50% of the interviewed subjects (figure 12 right). 
These images are indicative of the results we will obtain after processing a full set of sketches to be used as 
benchmarks for segmentation algorithms. It is worth noting the absence of points A1, A20, A18, A19, A22 
and A23 in the results of the clip perceived by more than 50% of the segmenters. There remains further work 
to be done: the statistical validity of our results has not been fully checked, and the tolerable confidence 
intervals of those segmentation points whose dispersion is significant remains to be determined. 

5 Lessons learned 

We have discovered small distortions in size and orientation in both the paper sheets that we gave to the 
interviewed subjects and the electronic copies that we used to process the data after scanning the paper 
sheets. Although they have had no influence in the current qualitative analysis of results, this problem should 
be resolved before proceeding to a fine measurement of average location and tolerable deviations for those 
segmentation points where significant dispersion appears. 

Although we detected some misunderstanding of the task due to ambiguities in the explanatory text of the 
first experiment and tried to correct them in the explanatory texts of the subsequent experiments, some 
misunderstandings nevertheless occurred. We have to detect the origin of the misunderstandings and produce 
a clearer set of instructions in order to ensure that future segmenters understand clearly the task they are 
supposed to do. 

For example, some segmenters included an excessive number of segmentation points. Although their 
answers are not statistically significant, one of their repeated comments is valuable. When they were asked 
why they had done so, their replies were as follows: I perceive what you intend to represent in the drawing, 
but, as you have asked me to segment what I can see, I have had to mark what I know that are actual 
imperfections due to mistakes in the sketching process, or even due to the printing process (i.e. serrations). 

The comment raises the important distinction between what can be seen but should be ignored, and what 
is really important because it corresponds to the perceived purpose or message of the image. Obviously, 
humans are able to perceive the latter, and it is this complex ability which should be emulated by computer 
applications. 

The procedure we followed for measuring the coordinates of the segmentation points is tedious and 
should be automated. Even more importantly, measuring Cartesian coordinates with reference to an external 
origin is not an ideal strategy. Firstly, they are statistically awkward to process. Secondly, (x,y) coordinates 
are particularly bad choice as they are paper-relative, not drawing-relative. If the results are scanned 
obliquely or at an offset, the (x,y) coordinates of the drawing itself change. What is needed is a single-
parameter parameterisation of locations where a hand-drawn annotation intersects a pre-existing hand-drawn 
sketch. 

The main requirement of the single-parameter parameterisation is that it must be object-relative: the 
coordinates must be relative to fixed features of the object. In future, we intend to fit the sketches to 
parametric curves (for example, by applying some variant of the approach described in [PG09]), and use 
natural coordinates for coordinates and statistical values. 
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Figure 12: Average locations of all segmentation points (left) and those perceived by more than 50% of the 
segmenters (right). 
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6 Conclusion 

We have defined and evaluated a procedure for obtaining a set of benchmark sketches that will be useful 
for evaluating the quality of segmentation approaches, with regard to their capability to emulate human 
perception of sketches. 

The procedure includes criteria for selecting the drawings, and an approach for extracting and analysing 
the information. 

In spite of its apparent simplicity, even examples like the clip have proved to be challenging, as they 
contain many segmentation points whose locations are difficult to fix. This indicates that the procedure 
followed when choosing the benchmarking drawings was appropriate. The evidence collected during our 
experiments supports the hypothesis that not all kinds of segmentation points are equally difficult to 
perceive. As a consequence, we should ensure that the final set of benchmarking sketches will contain a 
balanced set of different kinds of segmentation points, as it is important to consider levels of difficulty of 
segmentation points rather than merely their number. 

Our work is still in progress. The procedure should be refined to avoid the inconveniences described in 
Section 5. The procedure should also include criteria for selecting the population from which our segmenters 
are chosen. An in-deep statistical analysis is still due to detect differences in the profiles of segmenters, to 
determine clusters of segmentation points, and so on. Finally, a large set of drawings should be processed to 
obtain a benchmarking set with segmentation points statistically validated as being those which people 
perceive. 
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