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AUTOMATED AIRFIELD GROUND LIGHTING INSPECTION SYSTEM

ABSTRACT
- An automated airfield ground lighting inspection system and method is disclosed.

An image acquisition means captures image streams of the airfield ground lighting system lights
when moved across an airfield. A location sensor detects positional information for the image
acquisition means when capturing the plurality of images comprising the image streams. An image
processor coupled to the image acquisition means and the location sensor processes the image

- stream of a light of the airfield ground lighting system by:

(a) associating characteristics of a plurality of points in an image with an item in the light to

be checked, and using this association for extraction of the points;
(b} verifying each extracted point; and

(c) determining the state of the light of the image stream by processing the verified extracted

points comprising an item to be checked.
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AUTOMATED AIRFIELD GROUND LIGHTING INSPECTION SYSTEM

FIELD

The present disclosure relates to an improved method, system and apparatus for

automated inspection of airfield ground lighting.

BACKGROUND

Airfields are equipped with specialized lighting systems to provide guidance to
planes taking off, landing and taxiing. The guidance system provided by airfield
ground lighting (inset and elevated lights) is a particularly important visual aid in
conditions of poor visibility arising from weather conditions or for low light

conditions.

Airfield ground lighting is exposed to a harsh environment, with repeated contact
with aircraft tires, ground vehicle tires and variable weather conditions, which can

diminish the reliability and effectiveness of operation.

International Civil Aviation Organisation (ICAQ) standards specify the importance
of regular integrity checking of the airfield ground lighting in view of the frequent

and significant impact with aircraft tires.

Photometric inspections of the airfield ground lighting may be conducted for
example by using a mobile apparatus which is towed across the runway by a
vehicle, to monitor the actual light beams emitted from the lights. However, in
addition to the photometric inspection, it is also necessary to conduct regular
checks of the lights to monitor such as missing or loosened bolts, or other

components or cracks in the actual lights of the airfield ground lighting system.
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Typically these checks are performed by closing the runway and manually viewing
each and every light, either by having trained maintenance workers move along
the lights by walking or with the assistance of a slow moving or frequently stopping
vehicle. As can be appreciated, this manual inspection is laborious, time
consuming and inefficient although at the same time critically important for

ensuring the integrity and reliability of the lights.

However, with the increased aircraft passenger travel creating an increased
number and frequency of flights and hence pressure on existing airfields, runway

closures impact on the efficiency and profitability of airfield operation.

Accordingly the system and method of the present disclosure provide an

alternative which addresses at least some of the above deficiencies.

SUMMARY

In a broad aspect of the present invention there is provided a method for training

an airfield ground lighting inspection system comprising:

moving a housing having an image acquisition means attached thereto to capture
image streams of a plurality of lights of an airfield ground lighting system, each

image stream comprising successive images of a light;

using a location sensor to detect the positional information of the image

acquisition means capturing the image streams;

processing the image streams to detect and associate a plurality of points in a
specified arrangement in an image with an item to be checked, wherein the

associating is performed by storing operator selection of a plurality of points in a
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sample image and a subsequent sample image from an image stream of a light of

the airfield ground lighting system.

Advantageously, the operator specifies the location, orientation and region of the
plurality of points in the sample image and subsequent sample image of the

image stream.

The location in three dimensional space of the image acquisition means may be
determined from the analysis of the point from a first sample image and at least
one subsequent sample image and location information of the image acquisition

means.

Optionally, the reference locations for the one or more points of the item of the
light being checked of the images of the image stream may be determined from
the depiction of those one or more points in the sample image and subsequent

sample image.

Advantageously the reference location may be determined by epipolar geometry.

Optionally, for the images in the image stream after the sample image and
subsequent image, the locations of the points of the item to be checked may be

determined by:

detecting the locations of the scene points for the images of the sample image
stream, wherein the locations of the scene points are the location of the points
comprising the item to be checked relative to the three dimensional frame of

reference of the light,
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projecting said scene points into the images of the sample image stream from the
identified reference location for that scene point and from the location information

of the image acquisition means,

processing the images of the image stream to detect location of the points

comprising the item to be checked,

comparing the location of the projected scene paint in the images with the location

of the detected points in the images and calculating the proximity therebetween,

verifying presence of a point in the item to be checked where the calculated

proximity exceeds a threshold value.

The determination of the existence of points in an image may be made using a
discriminative classifier. The location information may be derived from a group
comprising a GPS sensor and light location data, where the location sensor may

be a MEMS tri-axial inertial sensor.

In a further broad aspect the airfield ground lighting inspection system may

comprise:

a housing having an image acquisition means attached thereto configured for
capturing a plurality of image streams of a plurality of lights comprised in an

airfield ground lighting system upon movement of the housing across the airfield:

a location sensor for detecting positional information for the image acquisition

means capturing the plurality of images comprising the image streams;
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an image processor coupled to the image acquisition .means and the location

sensor for processing the image stream of a light of the airfield ground lighting
system by:
(a) associating characteristics of a plurality of points in an image with an item

in the light to be checked, and using this association for extraction of the points

from the images of an image stream;

(b) analysing a plurality of randomly selected pairs of sample images to
determine a plurality of tentative reference locations for each extracted point

relative to the three dimensional coordinate frame of the light;

) assessing the tentative reference locations determined for each extracted

point, to determine a reference location for each extracted point;

(d) projecting each extracted point into the images of the image stream based
upon the determined reference location and location information of the image

acquisition means for each image;

(e) analysing the images of the image stream by comparing the location in the
images of the extracted points and the projected points and caiculating the

proximity therebetween;

) verifying existence in an image of the point of item being checked by

comparing the calculated proximity against a threshold value;

(9) repeating steps (a) to (f) to determine existence of each point in the

plurality of points associated with an item to be checked; and
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(h) determining the state of the item to be checked based upon analysis of

verified points.

In a further broad aspect an airfield ground lighting inspection system may

comprise:

a housing having an image acquisition means attached thereto configured for
capturing a plurality of image streams of a plurality of lights comprised in an

airfield ground lighting system upon movement of the housing across the airfield;

a location sensor for detecting positional information for the image acquisition

means capturing the plurality of images comprising the image streams;

an image processor coupled to the image acquisition means and the location

processing the image stream of a light of the airfield ground lighting system by:

@) associating characteristics of a plurality of points in an image with an item
in the light to be checked, and using this association for extraction of the points

from the images of an image stream;

(b) verifying each extracted point by comparing a projected location of that
point based upon analysis of plurality of pairs of images with an extracted location

of that point;

) determining the state of the light of the image stream by processing the

verified extracted points comprising an item to be checked.



CA 03023398 2018-11-06

WO 2018/116032 PCT/IB2017/057474

10

15

20

In the above aspects the points extracted in an image of the image stream are
extracted using an algorithm that may be selected from the histogram of oriented

gradient algorithm and normalised gradient analysis algorithm.

Associating of the plurality of points in an image with an item of the light depicted

in that image to be checked may be performed by the above training method.

The items to be checked may be selected from the group including a bolt, a nut, a
ring, an inset light and a crack, and the system may be configured to verify the

presence of a crack.

Optionally, the system may be configured to verify in an image stream the

absence of any one or more of a bolt, a nut, a ring, and an inset light.

Preferably the system is configured to verify in an image stream the orientation of

any one or more of a bolt, a nut, a ring, an inset light and a crack.

The items to be checked may include predetermined markings at predetermined

locations, which may be location data of a light relative to the airfield.

Optionally, the images may be acquired under ambient lighting conditions.

Alternatively, an additional illumination means is attached to the movable housing

for lighting the lights for image acquisition.

A tentative reference location for a point in each pair of images analysed may be
determined using the positional information of the image acquisition means for

that pair of images and the detected location of that point in the pair of images.
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BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present disclosure will be explained in further detail
below by way of examples and with reference to the accompanying drawings, in

which:-

Fig 1 shows a schematic view of an exemplary arrangement of an embodiment of

the airfield ground lighting system of the disclosure;

Fig 2a shows an exemplary schematic view of a light of the airfield ground lighting

system without defects;

Fig 2b shows an exemplary computer rendered representation of another type of

light used in airfield ground lighting systems without defects;

Fig 2c shows an exemplary photograph of another type of light used in airfield

ground lighting systems without defects (clean);

Fig 2d shows an exemplary photograph of the light of Fig 2¢ without defects (after

use);

Fig 2e shows a schematic view of the light of Fig 2a having a number of defects;

Fig 3a shows a schematic perspective view of the light and optical centres of the
image acquisition means of the moveable platiorm as it traverses across an

exemplary light;

Fig 3b shows a schematic perspective view of the light and optical centres of the

image acquisition means of the moveable platform as it traverses across a light



CA 03023398 2018-11-06

WO 2018/116032 PCT/IB2017/057474

10

15

20

where the images in the image stream have different and overlapping fields of

view;

Fig 4 shows a schematic perspective view of the light and representative images

captured from the image acquisition means of the moveable platform;

Fig 5a shows a schematic perspective view of the light and a representative
image captured by the image acquisition means of the maveable platform in an

initial position at t=t1;

Fig 5b shows a schematic perspective view of the light and representative image
thereof captured by the image acquisition means of the moveable platfiorm in an

subsequent position at time t= t2;

Fig 5¢c shows a schematic perspective view of the light and representative image
thereof captured by the image acquisition means of the moveable platform in a

final position at time t= t3;

Fig 6 shows a schematic perspective view of the light and representative image

thereof, including an incorrectly detected feature;

Fig 7 depicts an exemplary flow chart according to an embodiment of the present

disclosure outlining the various stages in deployment of the system;

Fig 8 depicts an exemplary training flow chart of the training phase of an

embodiment of the present disclosure;

Fig 9 depicts an exemplary flow chart outlining the various steps in an image

detection method according to an embodiment of the present disclosure;
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Fig 10 depicts an exemplary “learning” algorithm by which the feature extraction

sensitivity may be improved.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In a broad aspect of the present disclosure, there is provided an improved airfield
lighting inspection system, which provides reliable, automated checking using

image analysis of the lights in airfield ground lighting system.

Referring to Fig 1, there is depicted a schematic representation of various

components of the present disclosure.

The mobile platform 10 includes connected thereto a high speed imaging means
20. The high speed imaging means may be a high speed imaging camera or a
plurality of cameras sensitive to the visible light spectrum (400 to 700 nanometres
in wavelength). The high speed imaging means 20 is connected to a processor
30 which is configured to receive inputs from the location sensor 40 and the high

speed imaging means 20.

The mobile platform may also include an illumination means (not shown) for
increasing the amount of light provided to the subject in the field of view of the

high speed imaging means.

Advantageously, the processor 30 is in communication with memory storage (not
shown), which stores information such as location and feature information as is

detailed further below.

The results from the image processing conducted on images acquired by the high

speed imaging means 20 and analysed by the processor 30 based upon
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information provided by the location sensor 40 may be displayed on a display 50.
Advantageously, the display 50 may be located on the mobile platform or may

alternatively be remote from the system.

It would be appreciated that the actual processing of images may occur at a
geographically remote location from the mobile vehicle, provided that the images
and accompanying location information are indexed appropriately, without

departing from the scope of the present invention.

Turning now to Fig 2a, there is depicted an exemplary top view of one type of light

in an airfield ground lighting system, in this case without any defects.

The light 100 depicted in Fig 2a has a plurality of bolts 110 in holes 108 which
retain the lights in a position in the runway or concourse (the holes are not shown
in Fig 2a but are visible in Fig 2b). The bolts are located in a metal ring 112 which
is surrounded by an epoxy ring 114, which allows for some movement in-situ
during thermal expansion/contraction of the light relative to the surrounding
asphalt (e.g. during environmental temperature variation). The actual light is
emitted from an inset light 116 at the centre of the metal and epoxy ring

arrangement.

Many of these items can also be seen in the computer rendered representation of
the light depicted in Fig 2b and in the photograph of an actual light of Fig 2¢
(clean) and the light (after use) shown in Fig 2d. (The embodiment of Fig 2b does
not include an inset light which is separable from the metal ring 112, and the

epoxy ring 114 has been removed for clarity).



CA 03023398 2018-11-06

WO 2018/116032 PCT/IB2017/057474

10

15

20

12

It would alsc be appreciated that the lights depicted in Figs 2a- 2e have variable
geometries, arrangements of bolts/nuts and inset lights, and are exemplary only.
Alternative or additional items to be checked may also be present in the lights
which may be monitored as taught in the present disclosure without departing

from the scope of the present invention.

Referring now to Fig 2e, there is depicted an exemplary schematic view of the
light of Fig 2a having a number of integrity issues. These issues are highlighted
by the various exploded boxes for emphasis as is detailed below and exemplary
representations of the types of issues which may be detected by the present

disclosure.

Typically, lights in an airfield ground lighting system receive a significant loading
force when contacted by the landing gear of aircraft as they touch down. Rubber
residue from melted tyres, loosened and missing bolts/nuts, cracked epoxy,
misalignment of bolts and other integrity issues can be caused by this repeated

cyclical wear.

Condition of the lights needs to be monitored so that action can be undertaken to

prevent and/or remedy failure.

Turning to Fig 2e, there is a mixture of conditions representative of a typical state
of a light in the airfield ground lighting system. For example, as depicted the head
of the bolt located in the 10 o’clock position 110a is in an appropriate position.
The second bolt 110b at 12 o'clock position is present and aligned appropriately.
However, the third bolt 110c is loosened relative to the position in which it should

be, represented by the misalignment of a centreline of the bolt with a
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corresponding feature. (It would be appreciated that a variety of bolts/nuts could
be used, with or without marked centrelines and having variables numbers of

sides, dimensions etc. without departing from the present disclosure).

Bolt 110d at 4 o’clock is present, and in a correct position and alignment.

Bolt 110e located at the 6 o’clock position has been loosened relative to its

appropriate position, and bolt 110f at the 7 o’clock position is missing.

A crack is located in the epoxy ring located at the 5 o’clock position and shown in

expanded view 114a.

Appropriate maintenance action needs to be taken before the performance of the

light depicted in Fig 2e is compromised.

It would be appreciated that the specific integrity issues of Fig 2e are exemplary
only, as is the layout and configuration depicted. A variety of other integrity issues
which are visually apparent may also be detected and the present disclosure is
not limited to the integrity issues detailed in Fig 2e. Additionally, a variety of
fasteners, and nut and bolt arrangements may be utilized without departing from

the scope of the present disclosure.

Referring now to Figs 3a and 3b, there is depicted a schematic perspective view
of the light 100, showing the image acquisition means 20 at various instances in
the time interval t1 to t6; together with various coordinate frames of the light and of

the image acquisition means.

For simplicity, the origin of the camera/image acquisition means 20 is represented

as a dot 20 which traverses in the direction of from the left to the right of the page
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as the mobile platform 10 moves across the light 100. This movement of the

image acquisition means 20 is represented by the dots labelled t1 to t6.

The field of view 150 of the image acquisition means 20 as it traverses the light

100 at various points t1 to t6 is common in Fig 3a shown

For ease of reference, the coordinate frame (fixed) of the light 100 is represented
by coordinate frame 160. Relative to this coordinate frame, the various points in
the “real world” which make up the items to be checked in the actual light of the

light are fixed relative to this coordinate frame.

The frame of reference for the high speed image acquisition means 20 at the
various time intervals is depicted by the successive coordinate frames shown in

the figure and marked with numerals 171,172, 173, 174, 175 and 176.

Referring to Fig 3b, the same coordinate frame for the high speed image
acquisition means at various points t1, t2, t3, t4, t5 and t6 can be seen - 171, 172,
173, 174, 175 and 176. The fixed coordinate frame of reference for the light is

depicted by coordinate frame 160.

In the representation of Fig 3b, the various fields of view 150, 151, 152, 153 and
154 of the image acquisition means correspond to the fields of view for the image
acquisition means at various time interval. Thus, in Fig 3b, the combination of the
various fields of view of the high speed image acquisition means of the various
time intervals together provide a composition field of views, in contrast to the

single common field of view shown in Fig 3a.
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Fig 4 depicts a schematic representative view of the light 100 and representative
image planes showing a small circle representing one of the points that make up
the actual item of the light to be monitored (e.g. a particular portion of the light
such as a bolt or metal ring). Thus the “scene point” of the light is depicted in an
image captured by the image acquisition means at three different positions at t1,

t2 and t3 respectively.

Specifically, the 2-dimensional images captured are represented by image planes
181, 182, 183. Each image plane contains a point representative of
corresponding scene point 191 of the light 100 represented by small circles (191a,

191b, 191¢) on the image planes shown.

It would be appreciated that the scene point 191 of the light 100 is depicted in the
image plane 181 as point 191a. This point is the point of intersection in the image
plane of a normal to the image plane, drawn to extend from the image acquisition
means 20 at time interval t1, and to the scene point 191 in actual three

dimensional space for the light 100.

Similarly, scene point 191 of the light is depicted in image plane 182 as 191b. This
point is the point of intersection in the image plane of a normal to the image plane,
drawn to extend from the image acquisition means 20 at time interval t2, and {o

the scene point 191 in actual three dimensional space for the light 100.

Accordingly, as the high speed image acquisition means traverses across the
light, the subsequent images captured are represented by image planes 181, 182,
183. Points 191a, 191b, 191¢ represent images of scene point 191 of the light

100 which are located in various paositions in the image captured - ranging from
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the far left side through the middle and towards the far right side of the image
depending on the position of the high speed imaging means relative to the scene

point as it traverses the light.

These series of images forming an image stream of a light could be analysed one-
by-one to determine the presence or absence of points in the images, (and
thereafter to determine the presence or absence of the group of points which
make up particular items in the image to be checked). As is known in the art,
detection of points in an image utilises known extraction algorithms, or may be

conducted by manual processing.

However, variations in the optical characteristics of the light (including marking
with rubber residue, loosened or damaged parts etc.) as well as variables in the
position of the image acquisition means (including bumpiness of the moveable
vehicle altering field of view of image acquisition device etc.}, can mean that the
series of images in the image stream may include points which are extracted and
identified incorrectly. Hence, no single image of the image stream can be relied
upon to definitively determine the location of that point in the actual light

coordinate frame.

When taken together, incorrect extraction of points in the images means that false
detections of the items to be checked may occur. Thus, capturing a series of
images and attempting to interpret these using the above approach provides
inconsistent and inaccurate results-without reliability for example on the
alignment, presence or absence of a crack in the epoxying, and presence or

absence of the bolts/nuts to be checked.
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Referring to the schematic representation of the system depicted by Figs 5a- 5¢,
there is shown a way for rectifying inaccuracies in detection by increasing the
sensitivity and reliability of the extraction technique by considering a series of
images of the same subject (a light used in an airfield ground lighting system)

when captured from a moving image acquisition means.

Identification of points making up the items to be checked from a first image
followed by determination of the location of such points in the frame of reference
for each image thereafter (i.e. allowing for the relative displacement of the image
acquisition means) enables projection of a theoretical location of the scene points
into one or more subsequent images of the light. It is noted that in itself this does

not increase the accuracy of the feature detection in the series of images.

However, the presence of points making up an item to be checked in images in an
image stream can be verified by processing a first image to detect the location of
the point(s), then processing a subsequent image by allowing for the change in
the position of the image acquisition means between the two images. Verification
may be provided by comparing a projection of where the point(s) should be in the
subsequent image  undertaken against extracted points, to determine whether
the projection from the corresponding “scene” point(s) are actually in the

subsequent image at their predicted location.

By specitying a threshold score value above which point(s) comprising an item are
considered as being present within an image, and as between subsequent
images, means a number of images can be analysed to provide certainty as to the
presence/absence of particular point(s) making up the item to be checked. This in

turn enables the determination of the whether integrity issues in in the actual real
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world subject of that image, in this case, in a light of an airfield ground lighting

system exist.

Figs 5a - 5¢ and Fig 6 represent the detection of a specific scene point 191 in the
light 100, but it would be appreciated that other scene point(s) comprising items to
be checked could be detected. It would be appreciated that the light depicted in
the image being checked could have any one or more of the integrity issues

shown in Figs 2a-d without departing from the scope of the present disclosure.

Turning to Figs 5a- 5¢, there is shown a light 100 including a variety of defects and
with the same components as the system identified in Fig 4. The image
acquisition means (represented by the dot 20) traverses the light 100, capturing a

series of images which are represented by image planes 181, 182, 183.

Similar to the system depicted in Fig 4, in the system of Figs 5a-c, a feature
corresponding to the metal ring on the light 100, scene point 191, is represented

on the image plane as feature point 191a.

The coordinate frame for the light 100 is depicted as 160, and is fixed for each of

Fig 5a, 5b, 5¢ in three dimensional space for the images in the image stream.

The coordinate frame for the image acquisition means at t1 is 171 in Fig 5a, which
schematically depicts the first image acquisition in the image stream and the

position of the respective components at the point of acquisition.

As the image acquisition means traverses across the light, the field of view and

positions of various components changes to the arrangement depicted by Fig 5b.
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In Fig 5b, image plane 182 represents the image acquired of the light 100, from
the position of the image acquisition means 20 at {2, having a coordinate frame
172. The frame of reference for the light 100 remains constant with coordinate

frame 160.

As depicted, a point which is part of the metal ring 191 of the light 100 is detected

as feature point 191b on plane 182.

However, another point 192 is also detected, which is actually another feature of

the metal ring of the light 100 as depicted by scene point 195.

This error is apparent, when the point 191¢ on the next image plane 183 acquired
from the image acquisition means 20 with a frame of reference 173 and the frame
of reference for the light 160 is detected, as shown in Fig 5¢. This point 191¢

represents the scene point 190 of the metal ring of the light 100 at t3.

Accordingly, based upon movement from Fig 5a to Fig 5b of the image acquisition
means and the movement from Fig 5b to Fig 5¢ of the same image acquisition
means, incorrect detection of the scene point 192 on the light 100 in processing
Fig 5b can be ignored, based upon reliable detection of the points depicted by 191

a,b,c on image planes 181, 182,183 shown in Figs 5a- 5c¢ respectively.

More detail on the interpretation and extraction of the points of the items being
checked from the images, as well as the determination that an item 192 has been

incorrectly detected is provided below.

Referring now to Fig 6, there is shown a schematic depiction of the light 100. The

light 100 has scene points 191 and 195 of a coordinate frame of reference 160.
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The image acquisition means 20 depicted by a dot, travels across the light 100
with the positions at time t1, time t2 and time t3 indicated by arrows. In Fig 6, the
actual dot is shown at position t2, with a corresponding frame of reference 172 for

the image acquisition means.

Similarly as with the figures depicted in Fig 5a to Fig 5c¢, relative to the image
plane 182 shown, a normal line 197 extends from the image acquisition means
orthogonal to that image plane. As shown, it will be appreciated that the point
191b is detected in the image at {2 on the image plane 182, corresponding to the
scene point 191 in the actual light. However, Fig 6 also shows the detection of an
error point indicated by 192, which represents  incorrectly identified point, in this

instance corresponding to scene point 195.

As discussed with reference to Figs 5a and Fig 5c¢, by reviewing the images
captured from the acquisition means at t1 and t3, the incorrectly detected scene
point 195 in the light 100 can be ignored. Rejection of this incorrect detection of a
scene point in turn facilitates more accurate detection of the points which make up
the items to be checked, and in turn the overall status of the item(s) for that light to

be checked.
An overview of this process, from a conceptual perspective is detailed in Fig 7.

As set out, following a survey of the light in the airfield ground lighting to be
checked 200, the points which comprise various items in the image to be checked
are specified (for example, the points making up the conditions of missing bolt/nut,

loosened bolt/nut, missing light, missing ring and crack in an epoxy etc.)
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These items are made up of a series of points which need to be detected. It is
necessary to calibrate the system in this way so that it can differentiate between
fault states and acceptable states for various status of particular lights to be
inspected. This calibration is conducted by the feature characterising training

process, which is discussed in more detail below with reference to Fig 8.

Once the respective characterisation of status for the lights of a particular airfield

lighting system has been performed, the imaging process 250 can be conducted.

Typically, the imaging process 250 requires propelling (either attached to a vehicle
or manually pushing) the moveable platform of the present disclosure across the

lights in order to acquire images.

Airfields may be divided into separate zones with different checking required of the
lights in the respective zones depending on the level of usage and surface
conditions. Lights in respective zones may be associated with a unique identifier,
which enables logging the state of the items of a specific light to be checked
based upon a specific image stream. This means that an operational baseline for
each light can be established - determining when maintenance is required, and
once performed, whether the maintenance team has actually addressed a

particular integrity issue.

FQr example, a fastener such as a bolt may be detected as loosened after
capturing a first image stream, when the platform is moved across the airfield.
This integrity issues may be passed on to maintenance team for rectification. When the
platform is moved across the airfield again, the aforementioned bolt of that light

may be verified as being tightened in the next captured image stream of this light.
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If maintenance has not been performed on that light, or has been performed

incarrectly this will also be identified by the system and escalated.

Once the images have been acquired and characterised, corrections and analysis
techniques 260 can be employed to ensure that the appropriate points are
detected, reducing false positive and false negative detection errors. Error
sources include variation in the position of the image acquisition means (e.g. due
to bumping), tyre residue on the light confusing feature detection, variability in
illumination conditions, angles, calibration errors, variance in surface condition,

artefacts from painting, wet surfaces etc.

Referring now to Fig 8, there is an exemplary flow chart which sets out in more
detail the characterisation process 200 conducted to calibrate the inspection
system for lights. This flow chart depicts a training method by which the points
that characterise the item to be checked and hence the operational status of a
light can be recognised by the system. This enables the system to identify points
in an image, and then discriminate beilween correctly detected points and
incorrectly detected points in an image stream of a particular light for certainty of
detection (errors may arise due to variance in the imaging process as discussed

above).

At step 202, the images of a light of a particular type are acquired by propelling
the platform over the light in situ. Location information is also captured for during

the acquisition of the images in the image stream of the particular light.

Location information may also include information determined from Global

Navigation Satellite Systems such as GPS, GLONASS, Beidou, Galileo or similar
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such systems without departing from the present disclosure, either together with

or in addition to location information on the various lights in the specific airfield.

Movement may be accurately determined by inertial measurement, using a dead
reckoning method such as MEMS type tri-axial inertial sensor (such as an
accelerometer (with or without rate gyro)). The dead reckoning method utilized
can be achieved by modelling updated measurement and sensor error in an
optimal state estimator such as a Kalman filter. (For example inertial
measurement such as linear acceleration may be used to deduce the distance
travelled, and measurement error can be modelled by first principles, and verified

by subsequent data sampling).

This process has been schematically depicted in Figs 5a to 5c and Fig 6.

Using the captured positional or location information in step 204, the movement of
the image acquisition means when capturing the images in the image stream can

be determined.

As step 206, the operator selects an initial image from the image stream of the
light being characterised. (It should be noted that this “initial image” does not
necessarily need to be the very first image in the image stream, it is merely an

image which precedes the subsequently selected image in the image stream).

The location, orientation and region of the items to be checked for subsequent
automated detection can be manually labelled by the operator on this image,
using a mouse or cursor to highlight the appropriate region comprising an item of

interest - as a “bag/group” of points in step 208.
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A subsequent image of the plurality of images following in the image stream of the
light 100 then may also be selected and then manually reviewed. The outcome of
this manual review is specification of the “bag/group of points” which makes up

each item to be checked for a specific type of light for that pair of images.

In step 210, within the specified “bag of points” in a region, there are certain
characteristics (e.g. a predetermined spatial relationship, frequency of occurrence,
shading etc.) which amount to a characteristic signature for the feature to be
checked in that specific light. Various parameters such as the histogram of
oriented gradients and normalised gradients can also be determined for the

specified “bag of points” in the item to further assist.

At step 212, for the initial image (and subsequent image) the camera orientation
may be determined using location information, which is based upon the movement
information determined for the consecutive positions of the image acquisition
means in step 204 and the location of the point pairs in a particular orientation in

the subsequent consecutive images.

A direct linear transform could be employed to carry out the prediction of the
position of the camera during the acquisition of the other images in the image
stream where there are less than four or more point pairs. (It would be
appreciated that once there are more pairs, optimisation techniques can be

utilised, such as the least square method etc.).

Once the position and orientation of the image acquisition means has been
determined for the first and subsequent image, the corresponding location of the

points comprising the item to be checked in the actual light depicted in these
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images can be identified in step 214. This can be done by using epipolar
geometry using the known location of the image acquisition means for the initial

image and subsequent image of the image stream.

Based upon the determined location of each of the scene points which make up
an item in the light (“in the real world”) to be checked, using the locations thus
determined as reference locations for the respective scene points and taking the
known position of the image acquisition means, the location of each of the points
can then be projected to all of the images in the image stream as shown in step

216.

Therefore, based upon the estimated camera location, location information and
manually specified characterisation information, in the first and subsequent
following image in the image stream, the anticipated locations of the points in

subseguent images in an image stream of a light can be predicted.

This process can then be repeated for all points making up an item to be checked
in the subject light, and then for all items in the subject light, to characterise

various states and conditions of the points therein.

In particular, a supervised learning approach such as a discriminative classifier
can be used to process the images to confirm the point extraction process for the

image in the image stream of the specific light as is represented by step 218.

As is known in the art, such a discriminative classifier may involve using a labelled
sample which allow for points to be described in higher dimensional space, and

projected to other dimensional spaces thus enabling comparison of points with
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respect to each other or against a baseline, by drawing a simple line. In this way,

the points are linearly separable.

Advantageously, although there is an initial step of labelling the points comprising
an item to be checked in the first and subsequent images of the light, there is no
need to continue tediously labelling all points for all items to be checked in all

subsequent images in an image stream in order to enable accurate detection.

According to the training method of the present invention, the projection of the
anticipated location of points comprising an item in subsequent images (after they
have been manually specified in the first and subsequent image) reduces

significantly the amount of tedious manual labelling required.

Referring now to Fig 9, there is depicted an exemplary flow chart in which the
steps of imaging and detection 250 and correction and analysis 260 of Fig 7 are

actually performed.

At step 252, an image stream of a light is captured by moving the housing across
the light 100. Location information is also captured as has previously been
detailed at step 204. It would be appreciated that this image stream would be one
of many image streams of many lights acquired as the housing is moved across
the airfield. However, for the purposes of simplification, the process is described

with respect to one such image stream of one light.

Captured location information is then used to determine the location of the image

acquisition means between consecutive capture points in step 254.
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In step 256, the “signature” of points comprising each item in the light to be
checked is loaded. (As previously described in relation to step 210, items of the
light to be checked have unique characteristics which have been identified

following the training 200 depicted in Fig 8, and it is this record which is loaded.)

At step 258, for each desired point in the image of the item to be checked for
integrity, a pair of images is processed to determine a probable location in the light

coordinate frame of that feature.

From the pair of images processed, a corresponding location of the point in the

actual real world light coordinate frame is determined as taught by step 214.

This process is then repeated in step 262 for all the desired points to be checked,
in all items to be checked, for multiple randomly selected pairs, in order to
determine multiple locations of the various “real world” points with respect to the
light coordinate frame for each of the points which make up the various items to

be checked.

At step 262, the best scene point or reference location for each of the points in the
item to be checked is determined. This may entail using k means clustering or

similar such processes.

Once the best reference location for a point has been determined it is stored. The
determined position for the image acquisition means of that image in the image
stream, the stored reference location, and the movement of the image acquisition
means are all used to project from the appropriate reference location for that point

and the viewpoint of the image acquisition means into where corresponding
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locations for that point would appear in subsequent images in the image stream in

step 264.

Thus, the images in the image stream can then be processed in 266, by image

processing to detect proximity.

The integrity of the point extraction can then be determined by calculating how
close the projected points and detected points are in the images, aliowing for the
change in position of the relevant viewpoint of the image acquisition means. This

may entail using both intrinsic and extrinsic camera parameters.

Thus, in step 266 the projected location of a scene point and the detected location
of that scene point in each image in the image stream are compared. (This
process is undertaken for all points which make up a single item to be checked in
the images of the image stream). The comparison made at step 266 is between
the estimated or anticipated position of a point (based upon location information
and the determined image acquisition location)” and the location of

point detected from an image (according to the specified characteristics used for
image detection of that point). The proximity can be reflected as a score, which is
representative of a pixel distance by theoretical and detected features for that

image.

For example, a score that is inversely proportional to the sum of this distance
across the images can be used as a score determining the presence of an item in
an image. Therefore, when distances between the detected location and the

projected location are large, this point in that image has a low score.
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A determination can then be made as to whether the detected

point is present at step 268.

Optionally, the above processing steps then can be repeated for all of the points
which make up the item in the light to be checked at step 270. Similarly, this
process may be repeated for the points which make up other items which are

being checked.

Once the points making up an item being detected have been scored for a series of
images (based upon correlation with the corresponding projected location of the
points in those images) the state of the item being checked can be determined by

conducting further analysis at step 270.

For example, the orientation position and presence of the item may be evaluated.
For example, the presence of a combination of corners, surface line contours and
various “chromatic image patches” for the typical of a head of a bolt/nut as well as
the absence of circular contours and chromatic patierns can be used to determine

the presence of a bolt/nut at particular locations of the light.

The presence and location of corners and the orientation of the corners and lines
of a bolt/nut can also be used to determine the orientation of the bolt. This means
that based upon the characterisation survey at step 200 in Fig 7 and the detected
image acquisition means orientation when capturing the actual image stream that has
been determined in process 250, the relative position of the bolt head/nut may be
determined. That is, whether a bolt is loosened or missing may be identified using

the corrected detection of those points comprising the item as discussed above.
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Similarly, the presence of the inset light may be detected by the presence and
absence of certain combinations of chromatic image patches contours and
corners. Furthermore, the detection of an epoxy ring 114 can be made by the
detection of patches and circular lines. Finally, in order to detect whether or not
an epoxy crack exists in a light, the presence of certain characteristic lines or
contours corners in combination with chromatic image patches in the region of the

gpoxy ring can be used in the determination of whether a crack is present.

Referring now to Fig 10, there is discussed in more detail the various steps in the

calculation which may be performed at step 266 and subsequent steps.

At step 266, the proximity between the projected point making up the item to be

checked and the feature in image as detected is determined.

Turning to step 268, where a large separation exists between the projected point
and the detected point of each image, this means that the detected point can be
considered as not being representative of the actual point of the item. However,
this can also be a useful training aid for other features including histogram of
oriented gradients and normalized gradients which could be used to detect this

point.

In this way, where there is a large difference between the location comparing the
projected feature point (derived by projecting from the scene point to various
images in the image stream) and extracted point (extracted based upon image
processing technique e.g. histogram of gradient), this feedback may be
incorporated in the characterisation process discussed in Fig 8. Various points

around the extracted point with the large discrepancy/difference can be used for
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example as a labelled sample for training to recognise this point in future

extractions.

Accordingly, the process and system of the present disclosure is able to reinforce
the accuracy of the detection and processing to cater for additional items to be

checked which may not have been specified in the initial characterisation process.

The present disclosure provides a method and system which avoids the tedious

manual process of airfield ground lighting system inspection.

By employing a location sensor, image extraction for points making up the various
items of the light to be checked, training on an image, and re-projection of the
detected items based upon the determined location of the image acquisition
means and reference points making up the actual item, the present disclosure
ensures a highly accurate and potentially continuously improving system. Once
lights of a particular model have been characterised, the system is configured
such that variants in acquisition of the image and lighting conditions do not have a

significant impact on the detection accuracy.

Being able to automatically rapidly evaluate the condition of a light enables
detailed light cycle monitoring for each light in the airfield. The inclusion of a
unique identifier for each light (and the logging of the position information or
region) for that light enables a detailed maintenance programme to be provided,

with areas of high traffic receiving more attention than corresponding areas.

Accordingly, the present disclosure provides a time saving, accurate, and cost
effective way of managing the ongoing inspection of lights. The inspection system

of the present disclosure reduces runway closure times, enables inspection in
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even bad weather, and enables complete lifecycle management of an airfield’s
significant fixed infrastructure investment in airfield ground lighting. The prompt
maintenance and rectification of issues enabled by the inspection system of the
present disclosure also reduces the potential for foreign object debris on the

runway areas from the airfield ground lighting system.

While the present invention has been explained by reference to the examples or
preferred embodiments described above, it will be appreciated that those are
examples to assist understanding of the present invention and are not meant to be
restrictive. Variations or modifications which are obvious or trivial to persons
skilled in the art, as well as improvements made thereon, should be considered as

equivalents of this invention.
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CLAIMS

1. A method for training an airfield ground lighting inspection system comprising:

moving a housing having an image acquisition means attached thereto to capture image streams
of a plurality of lights of an airfield ground lighting system, each image stream comprising
successive at least partially overlapping images of a light captured by said image acquisition
means upon traversal of said light by said housing;

using a location sensor to detect the positional information of the image acquisition means
capturing the image streams;

processing the image streams to detect and associate a plurality of points in a specified
arrangement in an image with an item to be checked, wherein the associating is performed by
storing operator selection of a plurality of points in a first sample image and at least one randomly
selected subsequent sample image in an image stream of a light of the plurality of lights
comprising the airfield ground lighting system;

wherein the location, orientation and region of the plurality of points in the sample image and in
the subsequent at least one randomly selected sample image of the image stream by the operator

are stored.

2. The method for training an airfield ground lighting inspection system according to claim 1
wherein the location in three dimensional space of the image acquisition means is determined
from the analysis of the point from a first sample image and at least one subsequent sample

image and location information of the image acquisition means.

3. The method for training an airfield ground lighting inspection system according to claim 2
wherein reference locations for the one or more points of the item of the light being checked of
the images of the image stream are determined from the depiction of those one or more points in

the sample image and subsequent sample image.

4. The method for training an airfield ground lighting inspection system according to claim 3

wherein the reference location is determined by epipolar geometry.
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5. The method for training an airfield ground lighting inspection system according to claim 1
wherein for the images in the image stream after the sample image and subsequent image, the
locations of the points of the item to be checked are determined by:

detecting the locations of the scene points for the images of the sample image stream, wherein
the locations of the scene points are the location of the points comprising the item to be checked
relative to the three dimensional frame of reference of the light,

projecting said scene points into the images of the sample image stream from the identified
reference location for that scene point and from the location information of the image acquisition
means,

processing the images of the image stream to detect location of the points comprising the item to
be checked,

comparing the location of the projected scene point in the images with the location of the detected
points in the images and calculating the proximity therebetween,

verifying presence of a point in the item to be checked where the calculated proximity exceeds a

threshold value.

6. The method for training an airfield ground lighting inspection system according to claim 1
wherein determination of the existence of points in an image is made using a discriminative

classifier.

7. The method for training an airfield ground lighting inspection system according to claim 1
wherein the location information is selected from a group comprising global navigation satellite

information and light location data.

8. The method for training an airfield ground lighting inspection system according to any one

of claims 1 to 7 wherein the location sensor is a MEMS ftri-axial inertial sensor.

9. An airfield ground lighting inspection system comprising:
a housing having an image acquisition means attached thereto configured for capturing a
plurality of image streams of a plurality of lights comprised in an airfield ground lighting system

upon movement of the housing across the airfield;
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a location sensor for detecting location information for the image acquisition means

capturing the plurality of images comprised in the image streams;

an image processor coupled to the image acquisition means and the location sensor for

processing the image stream of a light of the airfield ground lighting system by:

(@)

(b)

(c)

(d)

(e)

(f)

(9)

associating characteristics of a plurality of points in an image with an item to be
checked in the image of the light to be checked, and

extracting the points from the images of the image stream wherein said extraction
is by:

Q) analysing a plurality of randomly selected pairs of images from the images
of the image stream to determine a plurality of tentative reference locations, one
for each of the pairs of images for each extracted point relative to a three
dimensional coordinate frame of the light;

(i) assessing the tentative reference locations determined for each extracted
point, to determine a reference location for each extracted point;

projecting each extracted point into the images of the image stream based upon
the determined reference location of said each extracted point and location
information of the image acquisition means for each image;

analysing the images of the image stream by comparing the locations in the
images of the extracted points and the corresponding projected points and
calculating the proximity therebetween,;

verifying existence in an image of points of the item to be checked in the image
stream of the light being checked by comparing the calculated proximity against a
threshold value;

repeating steps (b) to (e) to verify existence of each point in the plurality of points
associated with each item to be checked in the light being checked; and
determining the state of the item to be checked based upon analysis of verified

points.

10. The airfield ground lighting inspection system according to claim 9 wherein the system is

configured to verify any one or more of:

the presence of a crack;

the absence of any one or more of a bolt, a nut, a ring, and an inset light;
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the orientation of any one or more of a bolt, a nut, a ring, an inset light and a crack; or

predetermined markings identifying the light at predetermined location on said light.

11. The airfield ground lighting inspection system according to claim 9 wherein the images are

acquired under ambient lighting conditions.

12. The airfield ground lighting inspection system according to claim 9 wherein an additional

illumination means is attached to the movable housing for lighting the lights for image acquisition.

13. The airfield ground lighting inspection system according to claim 9 wherein a tentative
reference location for a point in each pair of images analysed is determined using the positional
information of the image acquisition means for that pair of images and the detected location of

that point in the pair of images.

14. The airfield ground lighting inspection system according to claim 9 wherein the points
extracted in an image of the image stream are extracted using an algorithm selected from the

histogram of oriented gradient algorithm and normalised gradient analysis algorithm.

15. A method of assessing the condition of one or more lights in an airfield ground
lighting system, the method comprising:

capturing by an image acquisition means an image stream of the light of the airfield
ground lighting system by moving a housing having the image acquisition means disposed
therein across said light,

detecting the location information of the image acquisition means whilst capturing the
plurality of images comprised in the image stream by a location sensor coupled image
acquisition means;

processing the image stream of a light of the airfield ground lighting system by a
processor coupled to the image acquisition means by:

(a) associating characteristics of a plurality of points in an image with an item to
be checked in the image of the light to be checked, and

(b) extracting the points from the images of the image stream wherein said

extraction is by;
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(i) analysing a plurality of randomly selected pairs of images from the images of
the image stream to determine a plurality of tentative reference locations, one for each of the
pairs of images for each extracted point relative to a three dimensional coordinate frame of
the light;

(i) assessing the tentative reference locations determined for each extracted
point, to determine a reference location for each extracted point;

(c) projecting each extracted point into the images of the image stream based
upon the determined reference location of said each extracted point and location information
of the image acquisition means for each image,;

(d) analysing the images of the image stream by comparing the locations in
the images of the extracted points and the corresponding projected points and
calculating the proximity therebetween;

(e) verifying existence in an image of a points of the item to be checked in the
image stream of the light being checked by comparing the calculated proximity against a
threshold value;

( repeating steps (b) to (e) to verify existence of each point in the plurality of
points associated with each item to be checked in the light being checked; and

(9) determining the state of the item to be checked based upon analysis of

verified points.

Date Regue/Date Received 2020-12-10
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