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(54) Sensor cable and system

(57) A sensor cable is provided comprising a deform-
able signal line for transmitting a signal, and one or more
rigid portions and one or more resilient portions for re-
versibly deforming the signal line in the cable under the
influence of a varying external load on the cable and
therewith affecting a signal transmission property of the
signal line for transmitting the signal. A portion of the

cable comprises an axis and a core extending along the
axis, a portion of the signal line being helically wound
around the core and the rigid and resilient portions being
arranged for, under the influence of the varying external
load on the sensor cable, reversibly deforming the signal
line with respect to the axis.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a sensor cable
comprising a deformable signal line for transmitting a sig-
nal, and one or more rigid portions and one or more re-
silient portions for reversibly deforming the signal line in
the cable under the influence of a varying external load
on the cable and therewith affecting a signal transmission
property of the signal line for transmitting the signal. The
present disclosure also relates to a system comprising
such sensor cable and to a method.

BACKGROUND

[0002] A sensor cable of the above-described type is
known from WO 2004/006200.
[0003] It is noted that further systems comprising op-
tical fibre-based detectors relying on reversible deforma-
tion of optical fibres are known from, i.a. WO 98/26388,
JP 2005/184772, US 4,572,950, EP 1 571 433, EP 0 419
267, GB 2 015 844, US 4,701,614, US 4,927,232, WO
2005/034058, JP 10-153 716 and KR 1993 0 065 855.
[0004] Although such devices are generally quite ef-
fective, further improvements are desired, e.g. regarding
increase of sensitivity and/or reduction of size, manufac-
turing costs, installation costs and/or operating costs.

SUMMARY

[0005] In view of such desires, a sensor cable, system
and method according to the appended claims are pro-
vided.
[0006] In the provided sensor cable, a portion of the
cable comprises an axis and a core extending along the
axis, a portion of the signal line is helically wound around
the core and the rigid and resilient portions are arranged
for, under the influence of the varying external load on
the sensor cable, reversibly deforming the signal line with
respect to the axis.
[0007] Such sensor cable provides a large signal line
length with respect to the sensor cable length which in-
creases sensitivity. The signal line length per sensor ca-
ble length can be determined by selecting a core size
and a winding pitch of the signal line around the core.
The size and/or shape of the core, e.g. the core diameter,
and/or the winding pitch may vary along the cable.
[0008] The varying external load can cause deforma-
tion of plural windings of the signal line, increasing signal
strength in a system based on the sensor cable.
[0009] In a sensor cable comprising plural rigid por-
tions, a large density of rigid portions per unit length of
the sensor cable may be provided with a lower density
of rigid portions per unit length of signal line unit length.
This facilitates providing plural well separated zones of
deformation along the signal line due to a single rigid
portion deforming plural signal line windings and/or a

number of (possibly closely spaced) rigid portions de-
forming plural signal line windings and/or plural portions
of a signal line winding, further increasing sensitivity. Fur-
ther, each deformation in such deformation zone may be
kept relatively small and cause relatively low signal level,
whereas the combined effect of plural deformations can
provide a significantly stronger signal, e.g. comparable
to a single large deformation. This facilitates maintaining
the signal line deformation well within the range of plastic
deformation of the signal line material, increasing robust-
ness of the sensor cable and/or allowing use of relatively
delicate signal line material.
[0010] In the context of this work a portion is considered
rigid if it is sufficiently strong and shape-maintaining to
act on and deform the signal line against the force of the
resilient portion(s) and the proper rigidity and resiliency
of the signal line, which, in turn, provide resistance to
such deformation and urge the signal line back towards
a specific shape and/or geometry with respect to the axis
without the external load.
[0011] The signal line may be an elongated object and
the deformation may comprise a lateral bending of the
signal line with respect to the direction of elongation.
[0012] In an embodiment, the signal line comprises an
elongated light guide, in particular an optical fibre, more
in particular a plastic optical fibre. This enables the use
of light as signal carrier, which can be generated, manip-
ulated, shielded and detected by reliable and predictable
techniques. Further, optical signals are generally insen-
sitive to electrical and/or magnetic stray fields, but they
can be controlled by mechanical means, including defor-
mation of a light guide through which the signals travel
to affect the transmitted intensity. Optical fibres are well
known and fibres that can guide light with little loss over
hundreds meters fibre length are commercially available.
Changing a bending radius of an optical fibre can change
dispersion and/or loss of light by leaking out of the fibre,
which may be detectable. Such dispersion and/or loss
may be wavelength dependent.
[0013] Plastic optical fibres tend to provide somewhat
higher damping to glass fibres but they also tend to be
significantly cheaper and more robust to bending than
glass fibres, in particular repeated bending.
[0014] One or more of the resilient portions may be
formed by portions the signal line itself. This applies in
particular if the signal line comprises a plastic object, e.g.
a plastic optical fibre, which may exhibit significant inher-
ent resiliency to return to its previous shape when tran-
siently plastically deformed. This facilitates construction
of the sensor cable. E.g. a portion of the signal line may
be supported over a void in the core so as to be reversibly
pressed into the void by one or more of the rigid portions
when the sensor cable is subject to a suitable load.
[0015] For deforming the signal line, in particular by
deflection, a suitable rigid portion may be provided by a
local hard and/or thick plastic and/or metallic portion, ad-
jacent to a relatively softer and/or thinner portion, e.g.
the rigid portions may be provided by a castellated and/or
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corrugated layer adjacent to the signal line, wherein rel-
atively rigid castellations and/or corrugations are sepa-
rated by voids and/or spaces (partly) filled with one or
more softer material which preferably is resilient to urge
the signal line back to a specific configuration. Note that
resilient portions may also be provided by the signal line
as stated above.
[0016] The rigid and resilient portions may be arranged
for effecting the reversible deformation in a radial direc-
tion with respect to the axis. This facilitates use of the
sensor cable by arranging the sensor cable generally per-
pendicular to the (expected) direction of forces from the
load. It also allows use of a flexible core, e.g. a longitu-
dinally flexible object, but which preferably is relatively
rigid in radial direction, such as a flexible tube, rod, cable,
wire and/or monofilament of metal, plastic and/or glass.
Such sensor cable can also facilitate manufacture, e.g.
by providing an amount of material with rigid portions and
one or more layers of resilient material, and winding the
signal line around the thus provided core. As an example,
at least some of the rigid portions and/or at least some
of the resilient portions may be arranged radially inward
from the signal line, relative to the axis. This facilitates
detection of forces acting on the sensor cable with a sub-
stantial radial or tangential component with respect to
the axis, e.g. with the sensor cable extending generally
perpendicular to the direction of the force to be detected.
[0017] In a particular embodiment the one or more rigid
portions are radially outside the helical portion of the sig-
nal line and the one or more resilient portions are radially
inside the helical portion of the signal line e.g. being part
of a resilient core material. Rigid portions may also or
alternatively be provided on or by the core material, or
be provided on or by a sheath over the core and the signal
line and/or be provided by another layer radially inside
or outside of the signal line with respect to the axis. An
elongated rib or wire of rigid material extending along the
axis, preferably radially outwards of the fibre portion, may
provide an series of rigid deformation portions on adja-
cent windings of the signal line where the latter cross the
rib or wire.
[0018] Rigid portions may be distributed evenly and/or
irregularly around the core. In an exemplary embodiment,
in at least part of the cable the signal line is wound around
the core in a helical pattern with a chirality and a pitch
with respect to the axis and the rigid portions are provided
in a helical pattern around the core with a different chi-
rality and/or pitch with respect to the axis. Different pitch-
es provide that rigid portions are provided in different
rotational positions along the sensor cable axis such that
loads from different directions with respect to the cable
axis may be detected with increased reliability. The pro-
vision of helical patterns with opposite chirality increases,
compared to patterns of the same width and pitch but
being co-rotating, the density of crossings of the patterns
in axial direction and it can reduce the length over which
the crossing patterns overlap each other at the crossings.
Both effects increase sensitivity, the former by providing

more crossing points per unit length of the sensor cable
and the latter by providing more clearly located and spa-
tially resolved deformation zones compared to patterns
of the same width and pitch but being co-rotating.
[0019] In an embodiment, the signal line portion is a
first signal line portion and the cable also comprises a
second signal line portion extending through and/or ad-
jacent the core, thus extending adjacent the first signal
line portion. The second signal line portion may be heli-
cally wound around the core as well. The first and second
signal line portions may be separate lines arranged to
transmit signals independently from each other, and
need not be of a same type, e.g. the first signal line com-
prising an optical cable and the second signal line com-
prising an electrical cable. The first and second signal
line portions may be shielded from contact with each oth-
er and/or affecting each other, e.g. the second signal line
portion extending through the core and the core providing
mechanical shielding and/or shielding with regard to sig-
nal transmission properties such as electromagnetic
shielding.
[0020] However, the first and second signal line por-
tions may be of similar or identical type. This facilitates
use of the sensor cable. When both the first and second
signal line portions of the same type but not identical,
e.g. having different resistance to deformation and/or af-
fect the signal transmission properties of the signal lines
differently the sensor cable may provide an increased
sensitivity, reliability and/or dynamic response, and/or
more and/or different types of information. E.g. the first
signal line portion comprising a broad band optical fibre
and the second signal line portion comprising a single
mode polarization maintaining optical fibre, or the first
signal line portion being used with a continuous signal
and the second line portion being used with a time-var-
ying, e.g. pulsed, signal.
[0021] Further, if the second signal line, the rigid por-
tions and the resilient portions are also arranged for, un-
der the influence of the varying external load on the sen-
sor cable, reversibly deforming the second signal line
with respect to the axis, both signal line portions may be
used for sensing the load. When both first and second
signal lines are deformed under the same load each sig-
nal line may be used to check the other and/or when used
in combination a stronger sensor signal may be provided,
increasing sensitivity of the sensor cable.
[0022] Further, the first and second signal line portions
may be arranged extending generally adjacent each oth-
er and being in contact with each other in one or more
locations and/or being (locally) separated from each oth-
er by a deformable layer. In such cases and if the second
signal line is sufficiently rigid, the second signal line may
be used to provide at least some of the one or more rigid
portions for deforming the helically wound first signal line
portion. Also, the first signal line portion may provide one
or more rigid portions for deforming the second signal
line portion in return. In an example the second signal
line portion may be helically wound around the core and
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over and/or underneath the first signal line portion.
[0023] As an example, two movably mounted identi-
cally crossing optical fibres may, when one is pressed
against the other at or near the crossing, provide suffi-
cient mutual deformation to be detectable in either fibre.
[0024] The first and second signal line portions may
be portions of a single signal transmission arrangement,
in particular being portions of one signal line such as
being portions of one reversed signal line, e.g. a looped
optical fibre. This enables arranging both signal input and
signal exit ends of the signal line at or near one physical
side of the sensor cable, and when both first and second
signal lines are deformable under the same load the sig-
nal may be combined for checking and or increasing a
signal level as outlined before.
[0025] In a particular embodiment, the first signal line
portion is helically wound around the core with a first chi-
rality and pitch with respect to the axis and the second
signal line portion is helically wound around the core and
the first signal line portion in an opposite chirality and
with a different pitch with respect to the axis than the first
portion of the signal line. This facilitates manufacture of
the sensor cable.
[0026] In an embodiment, the second signal line por-
tion extends substantially axially along the cable axis and
the first signal line portion is helically wound around the
second signal line portion, the second signal line portion
forming the core around which the first signal line portion
is helically wound. This enables construction of a rela-
tively thin sensor cable. In particular when the first and
second signal lines are similar or even identical, the first
and second signal lines may form rigid portions for mu-
tually deforming the signal lines under the load.
[0027] In an embodiment, a portion of the core com-
prises a core axis and a helical groove around the core
axis for receiving at least part of the signal line. Thus, the
signal line may be partly embedded in the core, defining
the position of the signal line relative to the core, protect-
ing the signal line against deformation beyond the do-
main of plastic deformation and/or facilitating manipula-
tion of the sensor cable.
[0028] In a particular embodiment said portion of the
core also comprises a second helical groove around the
core axis for receiving a second signal line portion. Thus,
also the second signal line portion may be partly embed-
ded in the core and, besides the aforementioned benefits
for each signal line portion, the relative positions of plural
signal line portions may be well defined.
[0029] One or, where applicable, more portions of the
grooves in the core may be provided with a (regular or
irregular) corrugation arranged to provide the one or
more rigid portions. In an embodiment, the core compris-
es an inner portion and a cover layer, wherein the inner
portion comprises a threaded portion with a first chirality
and pitch and the cover layer provides the helical groove,
wherein the groove has another chirality and/or pitch than
the inner portion, such that the helical thread of the inner
portion provides corrugations for deforming a signal line

received in the groove.
[0030] In an embodiment having two helical grooves
the grooves may be arranged to cross each other and at
the positions of the crossings be provided with recesses
and/or relatively soft portions, enabling radial movement
of signal line portions received in the grooves at the lo-
cation of the crossings.
[0031] In an embodiment, the cable comprises a de-
formable sheath around the signal line and the core, pro-
tecting the signal line and core while enabling the desired
deformation under the load.
[0032] In an aspect and in accordance with the above,
a system is provided, which comprises a sensor cable
as provided herewith and further comprising a source
arranged for transmitting a signal through the signal line
of the sensor cable and a receiver arranged for detecting
at least part of the signal emitted by the source and trans-
mitted through the signal line. Thus, the system provides
a sensor for sensing presence of the load complete with
signal source and signal detector. Further devices and/or
sub-systems may be included also, e.g. one or more pow-
er supplies, controllers etc.
[0033] The system may comprise plural sensor cables
which enables sensing loads in plural locations. Prefer-
ably, such system comprises plural detectors associated
with different sensor cables and/or different signal lines.
Optionally the system comprises plural signal sources,
e.g. associated with different sensor cables and/or dif-
ferent signal lines. This facilitates installation and oper-
ation as the system effectively comprises plural more or
less independent sensors.
[0034] Preferably, the system comprises plural sensor
cables arranged closely adjacent each other, in particular
parallel to each other. This enables sensing loads in plu-
ral locations, and in particular sensing a direction of prop-
agation and/or a velocity of one or more loads, in case
the system is provided with a counter and/or a clock.
[0035] In an embodiment, the source comprises a light
source, the signal line comprises a light guide and the
receiver comprises an optical receiver. Suitable light
sources are arranged for emitting continuous, pulsed
and/or modulated light with a wavelength in a range of
about 0.1 to 10 micrometers, in particular visible and/or
near-infrared wavelengths in a range of about 0.4-2 mi-
crometers, e.g. in one or more ranges of about 400-500
nanometres (blue), 520-550 nanometres (green),
570-590 nanometres (yellow), 630-680 nanometres
(red), 800-900 nanometres, 1.2-1.4 micrometers, 1.5-1.6
micrometers or 2-2.2 micrometers (all telecommunica-
tion wavelengths); for such wavelengths light sources, in
particular Light Emitting Diodes (LEDs) are commercially
available. LEDs can provide incoherent or coherent (la-
ser) light with relatively narrow-band spectral width and
they tend to be highly versatile and controllable. Howev-
er, other light sources although polychromatic and/or
broad-band light sources are also conceivable. Optical
fibres and detectors operating at such wavelengths are
also readily commercially available.
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[0036] In the system, one or more detectors may be
arranged to detect a signal characteristic that may be
affected by deformation of the signal line subject by the
load both before and after transmission through the sen-
sor cable, so that signal offsets and/or -drifts may be ac-
counted for.
[0037] The system may further comprise a controller
and at least one signalling device, memory and/or com-
munication device. Suitable signalling devices may com-
prise counters, warning systems, traffic lights, toll charg-
ing devices, cameras, etc. Suitable memories may com-
prise read only, write only and/or programmable memo-
ries, permanent and/or exchangeable. Suitable commu-
nication devices may comprise connection ports, trans-
mitters and/or receivers for wireless communication, for
authorities-alert systems, remote control systems, etc.
[0038] In an embodiment, at least part of the sensor
cable is arranged in or under a deformable object for
supporting a person, in particular a floor mat, a seat, a
bed (e.g. in or under a mattress), etc. Such objects may
detect at least presence of a person, e.g. for security
systems and/or in hospitals to monitor perimeters or re-
stricted areas and/or person behaviour, e.g. patient
movement.
[0039] An embodiment comprises a road having a road
surface layer and at least part of the one or more sensor
cables is arranged in or under the road surface layer for
detecting traffic on the road surface layer. WO
2004/006200, referred to above, describes detection of
pedestrians based on detection of deformation of an op-
tical signal line provided with special gripping means. The
presently provided sensor cable and system have such
increased sensitivity that special gripping means need
not be applied and tiles may be placed directly on the
sensor cable. This facilitates use.
[0040] More interestingly, the presently provided sen-
sor cable and system enable use for detecting vehicles
on roads for vehicle use, e.g. asphalt or brick roads, when
at least part of the sensor cable is embedded in or under
the road surface layer. This facilitates robust and/or in-
conspicuous traffic control.
[0041] In a particular embodiment, the road has one
or more traffic zones, e.g. providing one or more traffic
lanes, having a traffic flow direction, and one or more
adjacent sensor cables are arranged in or under the road
surface layer in one or more of the traffic zones extending
substantially transverse to the respective traffic flow di-
rection. Monitoring signals from the plural adjacent sen-
sors facilitates detection of presence and of direction
and/or velocity of traffic on the road.
[0042] The mechanical nature of the present detection
mechanism that relies on deformation of the signal line
enables operation and use of the system in geometries
that would suffer from shielding of electromagnetic sig-
nals. As a result, the presently available system can be
used with a road having a surface layer, wherein the road
has one or more traffic zones and the road surface layer
comprises an embedded reinforcement structure, in par-

ticular a synthetic or metal reinforcement structure such
as metal bars and/or mesh, and wherein the reinforce-
ment structure extends over at least one or more sensor
cables arranged in or under the road surface layer in a
traffic zone for detecting traffic on the road surface layer.
The reinforcement fortifies the road surface layer, in par-
ticular an asphalt layer, reducing long-time deformation
and/or wear of the layer. It is noted that piezoelectric me-
chanical sensors exist. However these are expensive
and delicate and also larger and less sensitive than the
presently provided system.
[0043] Asphalt road surface layers tend to comprise
plural strata, e.g. a bed of sand, one or more rubble or
pebble layers and one or more asphalt layers with differ-
ent compositions with respect to types, sizes and/or con-
centrations of filler materials. The present sensor cable
may be arranged in any one of these strata, provided a
stiff, substantially incompressible mechanical connec-
tion with the topmost layer in contact with the traffic is
provided. Preferably, each sensor cable is embedded in
the lowest asphalt-containing layer, so that good me-
chanical coupling with the topmost layer exists but that
maintenance and/or repair of the higher layers can be
performed without damaging the embedded sensor ca-
ble.
[0044] In an aspect, a method is provided herewith,
comprising arranging at least one of the sensor cables
in or under a road surface layer, the method comprising
providing a channel in or under the road surface layer for
accommodating a sensor cable, wherein the channel is
provided from a lateral side of the road. Thus, the road
surface layer need not be penetrated from above for
which traffic would need to be blocked. Also, possible
reinforcement structures may remain intact.
[0045] The present detector cable, system and method
provide a great advantage over existing traffic control
systems which rely on electromagnetic induction be-
tween passing vehicles and a measuring loop embedded
in the road surface layer. Such systems require large
detection surface areas and cannot work with metal re-
inforcement structures between the measuring loop and
the vehicles. As a result, the road surfaces around and
over the measuring loops are relatively delicate whereas
they generally need to be located in the heaviest-used
portions of roads, e.g. near traffic lights and/or in road
portions that are used by high numbers of passing vehi-
cles and/or that suffer frequent traffic jams. A sensor ca-
ble as provided herein may extend for several meters
and have a width (e.g. a diameter) of only a few centi-
metres. A series of two, three or more adjacent parallel
sensor cables may require less road surface area in traffic
flow direction than a single induction measurement loop.
The detection also works with electrically poorly-conduc-
tive or insulating loads, which would hardly or not be de-
tectable via induction, e.g. motorcycles and/or largely
non-metallic cars.
[0046] A single bore hole drilled in or underneath a
road surface layer would suffice to provide a channel
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suitably accommodating the cable; remaining spaces
may be filled with a suitable filler to fix the cable to the
road surface layer and establish mechanical connection
to the road surface layer. Such drilling and arranging the
sensor cable in the channel may be done while the road
is in use and/or while the reinforcement structure remains
intact.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The above-described aspects will hereafter be
more explained with further details and benefits with ref-
erence to the drawings showing an embodiment of the
invention by way of example.

Fig. 1 shows an embodiment of a sensor cable;
Fig. 2-3 indicate a method of operation of the sensor
cable of Fig. 1, in cross section view as indicated
with II in Fig 1;
Fig. 4 shows another embodiment of a sensor cable;
Fig. 4A shows signal line portions of the sensor cable
of Fig. 4;
Figs. 5-6 and 7-8 indicate methods of operation of
the sensor cable of Fig. 4, in cross section views as
indicated with V and VII, respectively in Fig 4;
Fig. 9 shows a further embodiment of a sensor cable;
Fig. 9A shows signal line portions of the sensor cable
of Fig. 4;
Figs. 10-11 and 12-13 indicate methods of operation
of the sensor cable of Fig. 9;
Fig. 14 shows another embodiment of a sensor ca-
ble.

DETAILED DESCRIPTION OF EMBODIMENTS

[0048] It is noted that the drawings are schematic, not
necessarily to scale and that details that are not required
for understanding the present invention may have been
omitted. The terms "upward", "downward", "below",
"above", and the like relate to the embodiments as ori-
ented in the drawings, unless otherwise specified. Fur-
ther, elements that are at least substantially identical or
that perform an at least substantially identical function
are denoted by the same numeral.
[0049] Fig. 1 shows a sensor cable 1 having a generally
cylindrical shape with respect to an axis A. The cable
comprises a core 3, an deformable signal line for trans-
mitting a signal in the form of a plastic optical fibre 5 and
a sheath 7 around the core 3 and the fibre 5. The fibre 5
is helically wound around the core 3 being received in a
helical groove 9 around the core 3; Fig. 1A indicates the
shape of the fibre 5. The core 3, fibre 5 and sheath 7 are
bendable so that the cable 1 as a whole is flexible.
[0050] The principle of operation of the sensor cable 1
is indicated in Figs. 2-3, which show a very schematic
view of a slice of the sensor cable 1 without the sheath
7 comprising part of a winding 11 of the fibre 5 around
the core 3 in an initial configuration. The core 3 (and/or

the fibre 5) are further provided with a resilient layer 13,
e.g. a (natural or artificial) rubber or plastic sheath, so
that at least part of the fibre 5 is movable with respect to
the core 3 and the axis A. In the groove 9 rigid portions
15 are provided (not shown in Fig. 1), e.g. in the form of
corrugated bottom and/or wall portions and/or hard in-
clusions in the material of the core 3.
[0051] Visible in Fig. 3 is that under the influence of a
varying external load on the sensor cable 1 (indicated
with arrow L in Fig. 3) the fibre 5 is pressed against the
core 3 and the rigid portion 15 so that the fibre 5 gets
locally deformed. This affects the signal transmission
properties of the fibre 5. In particular, light travelling
through the fibre 5 may not experience the conditions for
total internal reflection within the optical fibre 5 and part
of the light may leak out of (the core of) the fibre 5 so that
an optical signal sent through the deformed fibre 5 gets
detectably attenuated. The deformation may also induce
compression and/or or bending strain which may rotate
a plane of polarisation of the light and/or induce chromatic
dispersion for polychromic optical signals. When the load
L is (partly) reduced, the fibre 5 is urged towards its initial
shape (Figs. 1-2) by the resiliency of the respective ma-
terials.
[0052] Fig. 4 shows another sensor cable 10, similar
to the cable of Fig. 1, but, in addition to a first signal line
portion 5 as in Fig. 1, being provided with a second signal
line portion 17 which runs generally parallel to the axis
A on a radially outward side of the first signal line portion
5, also being covered in the sheath 7. The second signal
line portion 17 here again is in the form of a plastic optical
fibre. The relative positions of the first and second fibres
5, 17 are shown in Fig. 4A. The optical fibres 5, 17 cross
at each winding of the first fibre 5, also indicated in Figs.
5-6 which show a cross sectional slice of the embodiment
of Fig. 4 like Fig. 2-3, as indicated with V in Fig. 4, and
indicated in Figs. 7-8 which show an axial slice of the
embodiment, as indicated with VII in Fig. 4. The second
fibre 17 may be supported by the first fibres 5 at a small
distance from the core 3 as shown in Fig. 7, which dis-
tance may be empty or filled with a resiliently compress-
ible material.
[0053] Each optical fibre 5, 17 is more rigid than the
material of (a layer 13 around) the core 3 and the sheath
7 in transverse direction with respect to the direction of
propagation of the fibre 5, 17, so that the fibre can flex
and bend but is also largely incompressible.
[0054] Under the influence of a varying external load
on the sensor cable 1 (see arrow L in Fig. 3) the fibres 5
and 17 get pressed against each other and against the
core 3. Then, the second fibre 17, forming a relatively
rigid portion against the first fibre 5 locally deforms the
fibre 5, as indicated in Fig. 6. At the same time, the wind-
ings of the first fibre 5 form relatively rigid portions against
which the second fibre 17 can be deformed (Fig. 8). The
deformations detectably affect the signal transmission
properties of the fibres 5, 17. When the load L is (partly)
reduced, the fibres 5, 17 are restored towards their initial
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shapes (Figs. 4, 5, 7) by the resiliency of the respective
materials.
[0055] The amount of deformation for each (affected
portion of a) fibre 5, 17 is determined by the relative ri-
gidities, flexibilities and/or dimensions of the parts (fibres
5, 17, core 3, sheath 7, grooves 9, layers 13 etc). It may
be preferred that the first and second fibres 1, 17 are
generally identical, possibly forming part of a single
looped fibre (e.g. forward and return signal line portions).
[0056] Instead of or in addition a second fibre 17, an-
other rigid object with similar position and function to the
second fibre 17 may be provided, e.g. a rib or rod, an/or
an electric cable, etc. One such rigid object may provide
increased sensitivity in one direction, corresponding with
the orientation of the rigid object. Plural such rigid objects
distributed around the axis A facilitate detection of loads
in different directions. It is noted that directionally de-
pendent sensitivity may be beneficial for some situations,
e.g. when the sensor cable is to be included in a plane
structure for detecting forces within the plane or normal
to the plane.
[0057] Fig. 9 shows another sensor cable 100, similar
to the cable of Fig. 4, but here, the second fibre 17 is
helically wound around the core 3 as well and overlaps
the first fibre 5. The core 13 comprises grooves for both
fibres 5, 17. The pitches of the helices are equal but the
chiralities (handednesses) of the fibres 5, 17 with respect
to the axis A are opposite (see also Fig. 9A), so that the
fibres 5, 17 cross each other after each half turn.
[0058] At the crossing points the core may comprise
relatively soft and/or resilient portions or recesses for ac-
commodating deflection of one or both fibres 5, 17. Also
or alternatively and as shown in Figs. 10-13 -see below-
at least the inner fibre 5, preferably both the inner fibre
5 and outer fibre 17, may comprise a relatively soft and
resilient outer sheath around a more rigid inner portion,
obviating depth variations in the grooves. This facilitates
manufacture and use.
[0059] At the crossings, the effects under influence of
a load on the sensor cable 100 discussed with respect
to Figs. 2-3 and with respect to Figs. 5-6 occur for each
of the respective fibres 5, 17 simultaneously: the outer
fibre 17 is pressed against the core and the inner fibre 5
by which it gets deformed due to the local relative rigidity
of the inner fibre 5 (Figs. 10-11). At the same time, the
inner fibre 5 is locally depressed and thereby deformed
by the local relative rigidity of the outer fibre 17 (Figs.
12-13). Thus, both fibres 5, 17 are deformed and the
signal transmission properties of both fibres 5, 17 are
detectably affected.
[0060] Fig. 14 shows another sensor cable 100, similar
to the cable of Fig. 4, but here, the pitches of the helices
of both fibres differ in addition to the opposite chiralities
(handednesses) of the fibres 5, 17 with respect to the
axis A. Thus, the crossing points of both fibres 5, 17 are
distributed around the axis A instead of lying on one or
more straight lines as in Fig. 9 which may result in direc-
tionally dependent sensitivity. The circumferential distri-

bution of Fig. 14 facilitates detection of loads in different
directions.
[0061] The amount of deformation for each (affected
portion of a) fibre 5, 17 is determined by the relative ri-
gidities, flexibilities and/or dimensions of the parts (fibres
5, 17, core 3, sheath 7, grooves 9, layers 13 etc). In the
embodiments of Figs. 4-14 it may be preferred that the
first and second fibres 1, 17 are generally identical, pos-
sibly forming part of a single looped fibre (e.g. forward
and return signal line portions). Thus, a signal transmitted
through the fibre may be affected twice by the same load
and signal detection may be increased.
[0062] Figs. 15 and 16 show an embodiment of a signal
line 110 wherein a signal line portion 5 is helically wound
around another signal line portion 17 extending substan-
tially axially along the axis A forming the core around
which the first signal line portion is helically wound. Both
signal line portions 5, 17 comprise a relatively resilient
outer layer around a relatively rigid inner layer, e.g. an
optical fibre with a resilient sheath. Under the influence
of a load L both signal lines 5, 17 deform and provide
rigid and resilient portions with respect to each other for
reversibly deforming each other and affecting their re-
spective transmission properties.
[0063] Fig. 17 schematically shows a system 19 com-
prising a road 21 having a road surface layer with a traffic
zone 23 providing a traffic flow direction as indicated with
arrow 25. The system further comprises plural sensor
cables 100 as discussed above, wherein the first and
second signal line portions 5, 17 are interconnected on
one end of the sensor cable 100 providing a forward line
portion and a return line portion through the length of the
sensor cable 100. Such interconnection may be made
within the cable, e.g. by folding the signal line and tracing
part of it back, or by connecting respective ends of the
signal line portions with a connector, e.g. a shortcut.
[0064] Each sensor cable 100 is connected with a
source 27 arranged for transmitting a signal through a
signal line 5, 17 of the respective sensor cable 100 and
a receiver 29 arranged for detecting at least part of the
signal emitted by the source 27 and transmitted through
the respective signal line 100. The sources and detectors
are arranged on a single side of the road.
[0065] The signal sources 27 and detectors 29 are con-
nected with a controller 31, in turn connected with traffic
lights 33, a camera 35, and a wireless communication
device 37 comprising a transmitter and a receiver. The
controller can also comprise further communication ports
and/or user interfaces 39.
[0066] The road surface layer 21 comprises an em-
bedded reinforcement structure 41, e.g. in the form of a
steel grid. The sensor cables 100 are arranged in indi-
vidual channels extending from a lateral side 43 of the
road surface layer. The sensor cables 100 are arranged
closely adjacent and generally parallel to each other in
the road surface layer 21, wherein the sensor cables 100
extend underneath the reinforcement structure 41 in the
traffic zone 23 substantially transverse to the traffic flow
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direction 25. A suitable manner of arranging the sensors
is by drilling a channel into the surface layer 21, inserting
the sensors and refilling the channel.
[0067] Travelling vehicles and/or other traffic on the
road surface layer 21 will slightly compress and deform
the road surface layer 21, which results in a transient
load L on each of the sensor cables 100 in turn, thereby
affecting transmission of the signals through each sensor
cable 100 as explained before. Such transmission differ-
ences due to the varying loads provide a system output
signal indicative of the road use. Detection of subsequent
signals from the adjacent sensor cables 100 and com-
paring with clock data provides indications of the actual
velocity and travelling direction of a traffic participant,
which can be used for controlling switching sequences
of the traffic lights 33, photographing traffic offenders with
the camera 35 and/or signalling remote systems such as
traffic information services and/or warning systems
against wrong-way use of a traffic zone 23.
[0068] The invention is not restricted to the above de-
scribed embodiments which can be varied in a number
of ways within the scope of the claims. For instance a
sensor cable may comprise more than two signal line
portions, which may provide different helically wound por-
tions, e.g. in identical and/or in different portions of the
sensor cable.
[0069] Size relations may differ, e.g. a smaller core di-
ameter with respect to signal line portion(s). Suitable siz-
es comprise signal line diameters of about 1-5 mm and
core sizes of 1-100 mm. A typical sensor cable for road
detection may comprise a plastic optical multimode fibre
of 1 mm diameter with a 0.5 mm sheath (i.e. total fibre
diameter is 2 mm), wound around a core of glass fibre
or foam of about 50 mm diameter and provided with a
plastic or copper sheath, embedded in a road surface
layer at a depth of about 150-450 mm.
[0070] Different electromagnetic signals may be trans-
mitted through the signal line portions, e.g. different
wavelengths and/or electrical signals through electrically
conductive cables, wherein a varying load affects an im-
pedance for time varying signals e.g. reducing pulse rise
times and/or delays which may provide detectable dis-
persion and/or signal skew, in particular in differential
signalling arrangements.
[0071] A (sensor cable of a) system may be partly
worked into a fabric, e.g. braided, knitted and/or woven,
for detection of movements of a person or an object on
the fabric.
[0072] Comparing a fraction of actually input signals
with output of that signal that passed through a signal
line may reduce effects of offsets and/or drifts and facil-
itate detection of slowly changing loads, e.g. the weight
of a layer of water and/or snow on a roof.
[0073] A signal line may comprise a gaseous or fluid
medium, e.g. a liquid or a gel wherein a transient load on
the Signal line provides a detectable pressure wave
and/or damping thereof through the signal line.
[0074] Various embodiments of the invention, in par-

ticular with respect to signal detection and/or processing,
operating instructions for the controller etc. may be im-
plemented as a program product for use with a computer
system, where the program(s) of the program product
define functions of the embodiments (including the meth-
ods described herein). In one embodiment, the pro-
gram(s) can be contained on a variety of non-transitory
computer-readable storage media, where, as used here-
in, the expression "non-transitory computer readable
storage media" comprises all computer-readable media,
with the sole exception being a transitory, propagating
signal. In another embodiment, the program(s) can be
contained on a variety of transitory computer-readable
storage media. Illustrative computer-readable storage
media include, but are not limited to: (i) non-writable stor-
age media (e.g., read-only memory devices within a com-
puter such as CD-ROM disks readable by a CD-ROM
drive, ROM chips or any type of solid-state non-volatile
semiconductor memory) on which information is perma-
nently stored; and (ii) writable storage media (e.g., flash
memory, floppy disks within a diskette drive or hard-disk
drive or any type of solid-state random-access semicon-
ductor memory) on which alterable information is stored.
[0075] Elements and aspects discussed for or in rela-
tion with a particular embodiment may be suitably com-
bined with elements and aspects of other embodiments,
unless explicitly stated otherwise.

Claims

1. Sensor cable comprising a deformable signal line for
transmitting a signal, and one or more rigid portions
and one or more resilient portions for reversibly de-
forming the signal line in the cable under the influ-
ence of a varying external load on the cable and
therewith affecting a signal transmission property of
the signal line for transmitting the signal,
wherein a portion of the cable comprises an axis and
a core extending along the axis, a portion of the sig-
nal line being helically wound around the core and
the rigid and resilient portions being arranged for,
under the influence of the varying external load on
the sensor cable, reversibly deforming the signal line
with respect to the axis.

2. Sensor cable according to claim 1, wherein the signal
line comprises an elongated light guide, in particular
an optical fibre, more in particular a plastic optical
fibre.

3. Sensor cable according to any preceding claim,
wherein one or more of the resilient portions are
formed by the signal line.

4. Sensor cable according to any preceding claim,
wherein
at least some of the rigid portions and/or at least
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some of the resilient portions are arranged radially
inward from the signal line, relative to the axis

5. Sensor cable according to any preceding claim,
wherein in at least part of the cable the signal line is
wound around the core in a helical pattern with a
chirality and a pitch with respect to the axis and
the rigid portions are provided in a helical pattern
around the core with a different chirality and/or pitch
with respect to the axis.

6. Sensor cable according to any preceding claim,
wherein the signal line portion is a first signal line
portion and the cable comprises a second signal line
portion extending through and/or adjacent the core.

7. Sensor cable according to claim 6, wherein the first
signal line portion is helically wound around the core
with a first chirality and pitch with respect to the axis
and the second signal line portion is helically wound
around the core and the first signal line portion with
a different chirality and pitch with respect to the axis
than the first portion of the signal line.

8. Sensor cable according to claim 6, wherein the sec-
ond signal line portion extends substantially axially
along the axis and the first signal line portion is hel-
ically wound around the second signal line portion,
the second signal line portion forming the core
around which the first signal line portion is helically
wound.

9. Sensor cable according to any preceding claim,
wherein a portion of the core comprises a core axis
and a helical groove around the core axis for receiv-
ing at least part of the signal line, and wherein pref-
erably the portion of the core also comprises a sec-
ond helical groove around the core axis for receiving
a second signal line portion.

10. System comprising one or more sensor cables ac-
cording to any preceding claim and further compris-
ing at least one source arranged for transmitting a
signal through a signal line of at least one of the one
or more sensor cables and at least one receiver ar-
ranged for detecting at least part of the signal emitted
by the source and transmitted through at least one
of the signal lines, wherein preferably the system
comprises plural sensor cables arranged closely ad-
jacent each other, in particular parallel to each other.

11. System according to claim 10, comprising a control-
ler and at least one signalling device, memory and/or
communication device.

12. System according to any one of claims 10-11,
wherein at least part of the sensor cable is arranged
in or under a deformable object for supporting a per-

son, e.g. a floor mat, a seat and/or a bed.

13. System according to any one of claims 10-12,
comprising a road having a road surface layer with
one or more traffic zones wherein at least part of the
one or more sensor cables is arranged in or under
the road surface layer for detecting traffic on the road
surface layer, and
wherein in particular the road has one or more traffic
zones having a traffic flow direction and wherein one
or more adjacent sensor cables are arranged in or
under the road surface layer in one or more traffic
zones extending substantially transverse to the re-
spective traffic flow direction.

14. System according to claim 13, wherein the road has
one or more traffic zones and the road surface layer
comprises an embedded reinforcement structure,
and wherein the reinforcement structure extends
over at least one of the one or more sensor cables
in or under the road surface layer in a traffic zone.

15. Method of providing a system according to claim 13
or 14, comprising arranging at least one of the sensor
cables in or under a road surface layer, comprising
providing a channel in or under the road surface layer
for accommodating a sensor cable, wherein the
channel is provided from a lateral side of the road.
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