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Chapter 9

WARNING SYSTEM FOR CRACKED PIPES
IN AUTONOMOUS VEHICLES
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ABSTRACT

The looming autonomous vehicles will be driven by the vehicle
itself; therefore, the autonomous vehicles will be less inspected because
human drivers often listen to the engine and its noises. The passengers in
autonomous vehicles are usually bothered with other things and
sometimes even sleep, so there will be no effective human inspection on
the engine and specifically on the pipe system. This paper suggests an
automatic system that warns about cracked pipes before they are out of
use.
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1. INTRODUCTION

Vehicles have a number of pipes for several uses like pipes for gas, air,
brake fluid, oil and other uses [1]. Any component of vehicles is potentially
subject to wear and tear and these pipes are no exception [2]. Worn out
pipes may bring about various malfunctions depending on the worn out
pipe [3].

In some cases torn pipe even on the whole is not a problem; whereas
other torn pipes can be an acute problem. Pipes supplying hot air to the
vehicle’s carburetor in hot countries is actually quite redundant and if this
pipe is torn, the vehicle can continue going; whereas the pipes of the brake
fluids are very essential and cannot be relinquished [4].

This paper aims at developing a system for torn pipes detection. Many
times, drivers’ attention is distracted even in non-autonomous vehicles [5];
however, autonomous vehicles [6] are even less supervised because no
driver is needed; therefore, many times no one will pay attention to the
vehicle’s engine and its noises, because the vehicle user’s attention can be
paid for other issues and this user can even take a nap [7]. In addition,
many autonomous vehicles will be shared by several users [8, 9]. These
users will not be au fait with the typical noises and the typical functioning
of the vehicle’s engine, so they will not be aware of changes in the
vehicle’s noises; nor will they notice changes in the vehicle’s functioning.

Several researches about automatic detection of malfunctioning
components in transportation have been proposed during recent years -
fuselage damage detection [10, 11], damaged tires detection [12, 13, 14]
and SkyTran tracks automatic inspection [15, 16]. This paper aims at
proposing an automatic device detecting a nearly torn pipe and warning
the vehicle’s user that this pipe is almost torn before the pipe is indeed torn,
so the user can take care of this torn pipe, while the vehicle still functions.
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2. AXIS ALIGNED BOUNDING BOXES

We employed polygons. Polygons are minimal shapes that are able to
approximately create real objects. It is widespread practice to create
models of real objects employing plain polygons. Such a polygons model
is called Spatial Data Structures [17]. Several approaches with the aim of
reducing the number of polygon checks when employing Spatial Data
Structures have been suggested [18].

We have employed Spatial Data Structures to simulate vehicle pipes
with the intention of locating frail areas that have the potential to crack and
spotting the polygons containing these frail areas.

Actually, Spatial Data Structures are the starting point of Space
Partitioning [19] and Bounding Volumes [20]. Space Partitioning is a
technique of space sub-partitioning into convex shapes. These convex
shapes are called “cells.” Every cell maintains a list of several objects that
it comprises. The algorithm can sift out polygons that are unrelated to a
pipe by employing these cells.

Bounding Volume is a similar technique. The algorithm breaks each
object into small components. Next, the algorithm finds out the close-
fitting bounding volume for each small component. Then, the algorithm
detects the components that might contain a crack. It should be noted that
in this technique the sifting out is less time-consuming, because the
algorithm can detect only the minimal partly cover bounding volumes.

Applications using Bounding Volumes have been researched over the
years. Various alternatives of implementation have been proposed:
Bounding Spheres [21], K-DOPs - Discrete orientation polytopes [22],
OBB - Oriented Bounding Boxes [23], AABB - Axis Aligned Bounding
Boxes [24] and Hierarchical Spherical Distance Fields [25].

We have employed the AABB approach which is one of the most
widespread approaches. When using AABB, each bounding volume of an
object is represented by its minimum and its maximum values [26]. There
are pros and cons for employing AABB. The main advantage of AABB is
more compactly encompassing the model components which will
generally produce fewer checks. In addition, an object split into bounding
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volumes is typically faster [27]. Initially, the algorithm analyses each basic
element that a bounding volume consists of. Then the algorithm projects
the element on the axes and, so as to find out the minimum and the
maximum values in each axis. This fast procedure is obviously important
in real time systems like a device for automatic pipe check in autonomous
vehicles.

On the other hand, AABB has a disadvantage. AABB needs more
memory space for saving the information. Some years ago, memory space
was limited and sometimes the information was even on remote machines
[28]; however, nowadays, memory space is much less limited and even
everyday computers have an abundant memory space [29, 30], so the
limited memory space disadvantage is not critical; therefore, we could
chose the AABB approach, because the advantages that have mentioned
above. Specifically, the pipe’s warning device is a real time system, so the
computation time is very crucial. Therefore, we have come to a decision to
adopt the AABB approach.

The bounding volumes tree was produced in a recursive method. In
each step, the algorithm produces bounding volumes for the remaining
triangles. Then, the algorithm splits the triangle set into two sub groups,
followed by recursive calls with the aim of processing each of the sub
groups in the same way.

We have employed Bounding Volume Hierarchies which are a tree
representing an object [31]. In Bounding Volume Hierarchies each sub-
tree is rooted by an internal node and represents a segment of the object.

The trees of Bounding Volume Hierarchies have only a single leaf for
each basic component, so accordingly the memory size required for each
object is linear in the number of the basic components. This feature also
has an effect on the checking time which will be quite faster.

3. ASSUMPTIONS

The Bounding Volume Hierarchies construction is time-consuming.
This drawback can be critical if the object is malleable and a deformation
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is repeatedly required. Therefore, in detection of moving vehicles usually
different techniques have been chosen [32, 33, 34, 35].

However, pipes are statically secured in the vehicle and twists are
hardly ever made, so the Bounding Volume Hierarchies construction is
performed on the odd occasion, so this drawback is beside the point of this
paper’s aim.

The algorithm scans the tree with the aim of finding possible cracks.
The algorithm checks the trees from their roots and in a recursive manner
it will continue all the way down to the leaves of the trees.

4. IMPLEMENTATION

As was explained above, the system has been implemented in a
recursive manner. We have employed triangles as many other
implementations do [36]. Firstly, the algorithm sets a bounding volume for
the current group of triangles. Next, the algorithm splits this group of
triangles into two sub-groups. Lastly, the algorithm calls itself in a
recursive manner to process the two latest sub-groups. If a sub-group
contains only one triangle, the recursive call to the algorithm will come to
an end.

The reason for the triangles split into many sub-groups is the creation
of as small as possible bounding volumes so the object model will be as
perfect as possible.

For example, four triangles can be split by the algorithm in two
different ways shown in Figure 1. The numbers written in a circle within
the triangles denote which sub-group contains each triangle after each split.
Figure 1 visibly points out that generating bigger bounding volumes can
cause more triangle checks as it is shown in Figure 1(b). This property of
the hierarchical checking motivated us to implement a better split
algorithm making use of better splits as in Figure 1(a), with the aim of
minimizing triangle checks [37].
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Figure 1. Triangle split (a) Example of split that produces 2 checks; (b) Example of
split that produces 4 checks.

Essentially, both the triangle split algorithm and the bounding volume
algorithm form the bounding volume tree generation algorithm and control
its efficiency. In our implementation, we have employed “Fitting points
with Gaussian distribution” [38] as the core of the bounding volume
generation algorithm.

The algorithm splits every group of triangles having an analogous
bounding volume into two sub-groups. The pseudo code of this algorithm
is:

* For each axis of each bounding volume, find a positive direction.
* For each triangle, find the highest valued vertex on the projected
axis.
» Sort the triangles’ vector by the triangles vertex values.
»  For each triangle in the triangles vector:
— Divide the sum of the projection lengths on the axis by the sum
of the original projection lengths of the two sub-groups.
— Split this triangle with the aim of generating smaller sub-

groups.
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Figure 2. Example of triangles’ split on the projecting axis.
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Figure 3. Yet another example of triangles’ split on the projecting axis.
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The algorithm endeavors to generate as few overlapping sub-groups as
possible.

Figure 2 and Figure 3 exemplify two different possible splits. Figure 2
suggests one possible split at triangle index 4. If the algorithm takes this
split, a larger overlap between the two generated groups will be created.
Figure 3 suggests a better possibility which is a split in triangle index 2.
Such a split will generate a much smaller overlap between the two
generated groups. Figure 2 and Figure 3 exemplifies when the algorithm
should take the best split.

5. RESULTS

The warning system for cracked pipes has been tested on several pipes.
The pipe in Figure 4 has been torn in the left side. It is a noticeable rift that
can be easily noticed by human eyes; however, an automatic electronic
system needs a clear-cut denotation and the triangular split can facilitate
such a denotation.

Figure 4. Example of a torn pipe.
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Figure 5. Triangulated drawing of Figure 4.

Figure 5 is a triangulated sketch of Figure 4. Figure 5 can be handled
by the warning system for cracked pipes and the considerable difference
of the colors can hint on a potential rift.

6. LIMITATIONS

The warning system for cracked pipes is not accurate at all times. False
positive cases are a weakness of the warning system for cracked pipes.
Figure 6 exemplifies such a false positive case. Some liquids have been
dropped on the pipe in Figure 6. Since the color of the original pipe and
the color of the dripping are very different, the stains are quite noticeable
and the algorithm has considered this pipe as a torn pipe and warned the
user.

A triangulated sketch of Figure 6 is shown in Figure 7. Because of the
stains, the colors of many triangles have been distorted. These distortions
are misrepresented by the warning system for cracked pipes as rifts
whereas this pipe is just dirty.
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Because of such false positive cases, any warning of this system should
be checked by a human in order to verify that the warning is valid and not
a mere false positive warning.

Figure 6. False positive case of an unflawed pipe.

Figure 7. Triangulated drawing of an uncleanly pipe.
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7. FUTURE RESEARCH DIRECTIONS

There is an extra execution time when employing OBB (Oriented
Bounding Boxes) compared to the AABB technique we have employed.
However, the OBB technique can fit the shape of the pipes tighter and do
not have to be fully updated if the pipes are repositioned.

In embedded systems it is not common to make use of the most
expensive and the fastest CPU; however, if we can afford a much better
and faster CPU, choosing the OBB technique might be a more appropriate
choice as a bounding volume than the AABB technique. As a future
research direction, it would be interesting to check with some experiments,
how fast the CPU should be in order to make the OBB technique a
reasonable choice.

CONCLUSION

This paper presents a device that is able to automatically conduct a
continuous inspection of potential damaged pipes. This device is especially
essential for autonomous vehicles where the passengers are commonly
unaware of the vehicle noises, because they do other things. Furthermore,
if the vehicles are shared, the users are often changed and so they are not
familiar with the vehicle noises.

Continuous inspection along with real time warnings is a common task
of computers and autonomous vehicles also adapt this tactic [39, 40, 41,
42]. The suggested device can detect damages before they become tangible
and the vehicle is out of use. A timely warning can help to alert the user so
as to avoid all of a sudden vehicles coming to a standstill.

Such an intelligent device can be very helpful because detecting
damages in pipes before the vehicle stops in nowhere, can avoid annoyance
and frustration for the passenger.
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