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@ Method of and apparatus for photographic tunnel sectioning.

@ A device for producing a plane of light comprises a ring
flash (6) and/or halogen lamps (7) mounted in a casing (1)
defining an inner peripheral aperture slot (8) and an outer
peripheral aperture slot (9) coplanar with the inner slot. The
device is used in surveying structures and in particular for
producing photographically recorded tunnel sections. The
light plane emitted from the device has high intensity and
resolution and serves to illuminate a line profile of the tunnel
in the light plane. The photographic image obtained has
good contrast and quality and permits on-line numerical
analysis to detect deformations.
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Surveying Method and Apparatus

This invention relates to a method of and
apparatus for use in carrying out structural surveys.
The invention is of particular advantage in photographic
tunnel sectioning, but it is applicable also to the
surveying of other structures such as pipelines, e.g.
sewer pipes, bridges and ventilation shafts. In the
interests of brevity and clarity the invention will be
described herein in relation to the photographic section-
ing of railway tunnels. It should be understood, how-

ever, that this application of this invention is given

‘by way of non-limiting example only.

In the past tunnel sectioning has been carried
out using stereo-photogrammetric techniques. Although
the results are satisfactory this method has the dis-
advantages of being expensive and time consuming.

It has been proposed to produce photographic
records of tunnel p}ofiles by projecting a plane onto the
tunnel walls and photographing the illuminated line
contour. The image obtained is a graphical representa-
tion of the tunnel section at that plane. Although this
method has been tested it has met with limited success
and it has not been taken into general use. The light
Plane was generated by sandwiching a photographic ring
flash between a pair of reflective plates. The plane of
light emitted by this device is very coarse so that the
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line quality and contrast are poor and the lack of
resolution in the photographic image makes accurate
assessment of deformations in the tunnel contour
impossible.

The present invention seeks to overcome the
drawbacks of the methods described above and according
to the invention there is provided a structural survey-
ing method wherein a plane of light is emitted by a
device and impinges on the structure being surveyed to
produce an illuminated line profile of said structure in
the light plane, characterised in that said light
emitting device comprises a housing defining a chamber
having a peripheral wall with a first circumferentially
extending light transmitting aperture, a second circum-
ferentially extending light transmitting aperture spaced
outwardly from and coplanar with said first aperture,
and a light source for emitting light into the chamber
whereby a subatantinliy planar beam of light is trans-
mitted outwardly through said apertures when the light
source is illuminated.

| The illuminated line profile is preferably
recorded photographically and the photographic image may
be analysed numerically. The numerical analysis may
comprise the steps of scanning the profile image,
digitising the coordinates of selected points on the line
image, applying scale corrections to said digitised co-
ordinates, and computing parameters fepresentative of the
structural geometry.

In accordancé with another aspect the invention
provides an apparatus for use in carrying out structural
surveys, comprising a device for emitting a plane of
light to produce an illuminated line profile of a
structure being surveyed, characterised in that said
device comprises a housing enclosing a chamber having a

peripheral wall, a first circumferentially extending light
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transmitting aperture in said peripheral wall, a second
circumferentially extending light transmitting aperture
spaced outwardly from and coplanar with said first
aperture, and a light source arranged to illuminate the
interior of the chamber for light emitted therefrom to
be transmitted through said apertures and project there-
from as a substantially planar beam.

' The double aperture arrangement has been found
to produce a plane of light of adequate intensity for
surveying railway tunnels and at the same time with
sufficient resolution to permit photographic recordal of
the tunnel sections and on-line numerical analysis of
the photographic images. If required three or more co-
planar apertures could be used.

In a preferred device according to the invention
the housing has a non-reflective interior surface; the
apertures extend substantially entirely around the
chamber{ the light source is a photographic ring flash
and/or halogen lamp mounted within the chamber; and,
each apertufe is defined between a pair of opposed lips
‘parallel to the plane of the apértures.

A full understanding of the invention will be
had from the following detailed description, given by way
of example, with reference to the accompanying drawings,
in which:-

.Figure 1 is a schematic cross-section through
a preferréd device for generating a plane of light
according to the invention;

Figure 2 shows the device of Figure 1 mounted
con a railway trolléy to facilitate movement into and
along a railway tunnel;

Figure‘?ais a side view showing a detail of the
trolley mounting;

Figure 37isa-perspectiveviewofthe’completémpparatu:

Figure 4 depicts a photographic. negative image
of a tunnel profile obtained using the method of the
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Figures 5a, 5b, 6a and 6b are graphs obtained
by plotting Radii and Versine differences for tunnels
with and without distortions.

Referring initially to Figure 1, there is shown
a light plane generating device comprising a casing 1
supported by a chassis 2 which in turn is carried by a
mounting frame 3 through insulating shock absorber blocks
4. Within the casing 1 is defined a chamber 5 housing
light sources in the form of a photographic ring flash 6
and halogen bulbs 7. The chamber 5 has a peripheral
wall provided by opposed flanges which define an aperture
slot or slit 8. At its periphery the casing 1 defines a
second aperture slot or slit 9 which is coplanar with the
jnner slit 8. Each slit aperture 8, 9 is defined between
a pair of parallel lips 10, which is found to reduce
lateral diffraction of light transmitted radially through
the slits. When either of the light sources is energised
a plane of light is emitted through the aperture slits 8,
9 and due to the double slit arrangement, with the slits
being spaced apart by a distance many times greater than
their widths, the light beam has only a relatively small
divergence from the plane of the slits. The inside .of
the casing has a non-reflective surface, e.g. matt black,
so that only light passing directly through the slits
from the light source is emitted.

Figure 2 shows the light plane generator 20
mounted on a support frame 21 which is in turn mounted
on a trolley 22 which runs on rails 23 to facilitate
movement into and along a railway tunnel. As illustrated
in Figure 2a, the frame 21 is hinged to the trolley 22
and a strut 24 is pivoted to the top of the frame and a
block 25 which is connected to a lead screw 26 threadedly
engaged in a block 27 fixed to the trolley. It will be
appreciated that rotation of screw 26 adjusts the
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inclination of the frame 21 to enable easy adjustment
into the vertical position.

Also carried by the frame 21 are vertical
and horizontal scale bars 28, 29, respectively. These
bars have spaced scale points 30 which become illuminated
by the plane of light emitted by the generator 20. Since
the points 30 are separated by known distances on each
bar 28, 29, the scale bars will enable the true scale of
a photograph image to be determined. The vertical scale
bar is attached directly to the light plane generator
and carries a spirit bubble to enable it to be positioned
truly vertical.

In use, the plane of light emitted from the
generator 20 impinges.on the tunnel walls and creates a
line extending around the tunnel profile. This line can
be recorded photographically for which purpose a camera 40 is
mounted on'a second trolley 41 coupled by a bar 42 at a known
distance behind the first trolley carrying the lighting
unit 20. A typical photographic negative obtained in
this way is depicted in Figure 4 of the drawings. As

‘may be seen, a line image extending around the tunnel

roof, walls and floor is produced and from this image
any deformation can be readily detected. The scale points
30 of the scale bars appear as points of light 31.

The illumination unit and camera are advanced
in steps along the tunnel and sections are recorded at
the desired intervals.

In order that the causes of distortions may be
easily checked conventional colour photography may be
employed at the same time to make a true record of the
tunnel interior. For this purpose a separate camera 43 is
preferably used and the tunnel illuminated by one or
more conventional flash units 44 mounted at the:side of the
light plane generator-20 remote from the camera and

directed away from the camera. I1f the flash units and
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the ring flash of the generator 20 are triggered in
unison it is possible to obtain a photograph of the
tunnel with bright line profile in the darkened

a
foreground of th

the resultant photographic print.

Monochromatic photography is preferred for
recording the illuminated section line since it permits
better contrast and higher resolution. The photo-
graphic results may be analysed by visual inspection of
photographic prints produch from the negatives, or
alternatively the negativés can be analysed by an on-
line scanning system such as that sold under the name
FASTRAK. With this system the tunnel contour image is
scanned and digitised, the coordinates being corrected
automatically according to the information derived from
the =scale points 31.

The main steps involved in the numerical
analysis are summarised in Table I. Two principal methods
of analysis are available to obtain parameters represen-
tative of tunnel geometry, i.e. the Radii method and the

Versine method. According to the former the difference ’

'in radii between successive points is calculated, whereas

according to the latter the difference in Versine between
successive points is measured, the Versine being defined
as the perpendicular from one point to the chord connect-
ing the two points either side of said one point. The
Radii and Versine differences are raised to the power of
4 to produce "exaggerated differences" to filter out
small discrepancies within the accuracy of the system.
Figures 5a and 6a show the characteristic graphs of the
exaggerated Radii and Versine differences for a tunnel
section with no distortion and Figures 5b and 6b are the
corresponding graphs for a tunnel with 50mm distortion

at the apex.



0078179

-7 -
TABLE 1
Machine Co-ordinates direct
from digitisation process.
Compute: True to Scale
Co-ordinates using the
Scale Points and Lens
correction Parameters.
Compute: Specific Points
Eg: At 500mm intervals
around tunnel circumference.
Versines dg Radii
7} .
Versines. Radii.
ComputL: Centre Point
v
Compute: Versines from Compute: Radii from the
the Specific Points. _ Centre and Specific
Points.
Compu%%: Versine Diffs, Compute: Radii
Differences.
Raise Differences to

——° the Power Four.

Print Out Graph.
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Without departing from the scope of the
invention it will be understood that modifications may
be made to the apparatus and method described above.

For example, the location of each section can be recorded
by numerals incorporated into the photographs of tunnel
sections, and which permif the computer to process this
information at the digitisation stage. A panel 45 contain-
ing an array of lights and a switch panel 46 allows

for each light to be on or off and gives the Yocation

of the tunnel section by the position of the on lights.
Each light has a unique coordinate with respect to the
scale bars in the photographs.

Although conventional photography is used to
provide the photographic record, any other suitable
visual imaging system, such as charge-coupled devices
(cCD) may be used. The system may also be used with
the light generator 20 either stationary or moving and
more than one light generator 20 may be used and spaced
apart along the tunnel to reduce the number of photographs
required for a full tunnel survey.

Advantages of the present invention include:
the light plane generated is of sufficient intensity and
resolution to facilitate photographic recording; the
scanning and on-line data processing capability allows
data to be rapidly processed and analysed; profiles of
the tunnel section are presented graphically with areas
of distortion readily visible; the entire system auto-
matically controllable to ensure consistent results and
avoid errors due to operator inexperience; and the
equipment is comparatively simple and inexpensive.

A further and important advantage is the
rapidity with which a full tunnel survey can be completed
since there are no complicated set up procedures involved.

The light plane generator has been described
as including both halogen lamp and ring flash light
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sources. The ring flash produces a greater intensity
of light, but only for a very short duration, and is
preferred when recording illuminated sections. The
halogen bulbs can produce a continuous emission of light
which is good for initial adjustment of the equipment
and for surveying tunnels by visual inspection. The
exposure time required with the halogen lamps is too
great for photography since it introduces the problem of
errors, e.g. due to disturbance of the trolleys carrying
the camera and light generator. With the flash the
photographs are taken very quickly so the system is
insensitive to such disturbances.

It will be appreciated that it is not essential
to have both ring flash and halogen lamps. In some
cases only one source will be needed. Furthermore, with
small tunnels, e.g. sewer pipes, halogen bulbs, or even
incandescent lamps may provide a light plane of sufficient
intensity for photography. )

The exact construction of the light plane

generator is not crucial. The main criterion for obtaining

a light plane of sufficient resol?tion has been found to

be at least two radially separated aperture slots, althbugh
they could for example be constituted'by a continuous
narrow passage between a pair of parallel plates as
indicated by broken lines in Figure 1. It is not essential
for the light source to be located within the inner

chamber and instead means may be provided to project a

beam of light into the chamber and then reflect it out-
wardly through the slots. _

The slots preferably extend around the entire
periphery of the light plane generator, but in some cases,
e.g. when surveying canal tunnels, the downwardly emitted
portion of the light plane may be unnecessary and there-
fore not provided for.

If required for use e.g. in mines where there
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may be an explosive atmosphere, the light plane generator
can readily be modified to be a completely sealed and
therefore safe unit.

It has been found empirically that to obtain
an illuminated line profile of adequate resolution and
intensity for photographic recordal, the diameter of the
inner aperture 8 should be less than approximately half
the diameter of the outer aperture 9. Furthermore,
the ratio of the diameter of the outer aperture to the

diameter of the tunnel being surveyed should not be less
than about 1:20.
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1. A structural surveying method wherein a plane

of light is emitted by a device and impinges on the
structure being surveyed to produce an illuminated line
profile of said structure in the light plane,
characterised in that said light emitting device (20)
comprises a housing (1) defining a chamber (5) having

a peripheral wall with a first circumferentially extending
light transmitting aperture (8), a second circumferentially
extending light transmitting aperture (9) spaced outwardly
from and coplanar with said first aperture, and a light
source (6,7) for emitting light into the chamber (5)
whereby a substantially planar beam of light is trans-
mitted outwardly through said apertures when the light

source is illuminated.

2. " A method according to claim 1, wherein the

illuminated line profile is recorded photographically.

3. A method according to claim 2, wherein the
photographic image of the illuminated line profile is

analysed numerically.

b, A method according to claim 3, wherein said
numerical analysis comprises the steps. of scanning the
profile image, digitising the coordinates of selected
points on the line image, applying scale corrections to
said digitised coordinates, and computing parameters

representative of the structural geometry.

5. An apparatus for use in carrying out structural
surveys, comprising a device (20) for emitting a plane of

light to produce an illuminated line profile of a
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structure being surveyed, characterised in that said
device comprises a housing (1) enclosing a chamber (5)
having a peripheral wall, a first circumferentially
extending light transmitting aperture (8) in said
peripheral wall, a second circumferentially extending
light transmitting aperture (9) spaced outwardly from
and coplanar with said first aperture (8), and a light
source (6,7) arranged to illuminate the interior of
the chamber for light emitted therefrom to be trans-
mitted through said apertures and project therefrom as

a substantially planar beam.

6. An apparatus according to claim 5, wherein

the interior surface of the housing is non-reflective.

o An apparatus according to claim 5 or 6,
wherein said first and second apertures (8,9) extend

substantially entirely around the chamber (5).

8. An apparatus according to claim 5, 6 or 7,
wherein the light source (6,7) is mounted in the
chamber (5).

9. An apparatus according to claim 8, wherein
the light source comprises a photographic ring flash
(6) and/or halogen lamp (7).

10. An apparatus according to any one of claims
5 to 9, wherein each said aperture is defined between a
pair of opposed lips (10) parallel to the plane of said

apertures,

11, An apparatus according to any one of claims
5 to 10, wherein a camera is provided for recording

photographically the illuminated line profile, the light
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emitting device is supported by a frame, and said frame
also carries orthogonal scale members to enable the true

scale of the photographic image to be calculated.

12, An apparatus according to any one of claims 5

to 11 when used in the method of one of claims 1 to 4.
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