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The présent invention relates to an image display system for displaying
images to the passengers in a vehicle, for example a train.

There have been proposals for image display systems of the type comprising
a series of images disposed along the path of a vehicle and lighting for briefly
illuminating individual images successively as the vehicle passes. The illumination
is sufficiently brief to prevent blurring of the image due to the motion of the vehicle
when viewed by a vehicle passenger. Illumination of successive images as the
vehicle passes causes the viewer to see the images as a single continuous image due
to persistence of vision, in the manner of a television or cinema image.

Such an image display system is desirable as a means of displaying adverts or -
written and diagrammatic information, for example about the next station stop on a
train route. However previous proposals have not succeeded as practical
implementations due to technical difficulties in implementation, for example in -
triggering the illumination at the correct instant.

According to a first aspect of the present invention there is provided an image

- display system comprising a series of images for disposal along the path of a vehicle; -

lighting for briefly illuminating individual images; and at least one control unit for
controlling the lighting of at least one image to illuminate images successively as the
vehicle passes, wherein the at least one control unit comprises: detector means for .
detecting arrival of the vehicle; meahé for deriving a measure of the speed of the
vehicle; means for controlling the lighting of said at least one image in response to
detection of the marking to illuminate each individual image repeatedly for
respective windows of the vehicle taking into account the speed of the vehicle and
the positions of the respective windows of the vehicle.

The present invention provides accurate timing control of the illumination
using a simple control system. By taking account of the vehicle speed and window
positions, it is possible to control the illumination to illuminate each image at
precisely the correct position relative to each of the respective windows so that the

series of images may be viewed as a single continuous image through each of those
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respective windows. Because the present invention allows' the illumination to be

' controlled taking account of the actual positions of the respectlve windows, it avoids

the problems in the known image display systems which merely illuminate the
images at a rate in proj:ortion with the speed of the vehiclieﬁ In such a known system
the images are lit at an =m§iﬁary position relative to any glven windows and may
therefore be obscured from the sight of a passenger in the'".v_ehicl'e.

Preferably the detector means is arranged to detect jmarking: on the vehicle.
Use of marking allows the system to be implemented with 4 minimal amount of
modification to the .veh;’él:e; A single marking may be used to control the
itllumination for several v&_indows, SO it_ is not necessary to mark every window which
is inconvenient and ugly. - - | o o

Advantageously, the speed of the vehicle is derived from the output of the
detector means. In this way it is possible to use the markipg to derive the speed
sufficiently accurately to ijlmn‘inate the images at a consistént’ position relative to the
windows so that there is no jitter. ) |

Preferably, the lighting is not mounted on the vehicle which is inconvenient
and undesirable because .i_t involves cutting panels or otherwise modifying the
vehicle. A display unit niay mount the image and the lighting.

It is technically sir_hple to derive a measure of the speed from the output of the ' -
detector means. This may be done for example by detecting a time difference in the
output from the detector @ems. One possibility is fo'detec_it the time between two
features of the marking a predetermined distance apart. The two features may be
separate strips of tape or n'iay be the beginning and end of 2 length of marking having
a discrete length, such as a bar code. An alternative is to utilise two detectors a
predetermined distance apart in which case the times diffefe’n'ce between the
detection of the same feature of the markings is detected. The advantage of this
system is that it allows the measure of the speed of the vehicle to be derived from a
single marking on the vehicle, such as a single strip of tape, which minimises the
modification to the vehicle. - ) _

Preferably, the means for controlling the lighting comprises a microprocéséor

running a program to calculate the illumination timings for each individual image. A
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microprocessor allows sufﬁcléntly accurate timihg control to Be 1mplemented
Desirably, the control unit is arranged to contro] the lighting of a plurality of
images taking into account the positions of the images. This reduces the cost of the

* system because a separate control unit for each image is avoided. By taking account

of the position of the images the illumination timings can be derived accurately even
when the image spacing is not regular which is impossible in known systems which -
illuminate an image at a rate proportional to the speed of the vehicle.

Preferably, in said control unit said respective window positions are
represented by the individual bits of a first bit pattern which represent the presence or =
absence of a window at positions a predetermined spacing apart and said respective
image positions are represented by the individual bits of a second bit pattern which
represent the presence or absence of images at positions said predetermined spacing
apart, and said control unit is arranged to derive the timings for illumination of
individual images in real time by relatively shifting the first and second bit patterns at :
a rate proportional to the derived speed of the vehicle and controlling the '

. illumination of respective images when the bit of the second bit pattern representing -

~the presence the respective image coincides with the bit of the first bit pattern

representing the position of a window. For example the control unit may be arranged

. the control unit is arranged to shift said first bit pattern through a shift register and,

using the second bit pattern to map the bit positions of the shift register to said =

_ plurality of images, to output the bits at bit positions of the shift register where the

second bit pattern indicates the presence of an image to control illumination of that
image. This is a particularly advantageous way of deriving the illumination timing,
because it is simple yet reliable.

. Preferably, the marking encodes the positions of windows along the vehicle
and the control unit is arranged to decode the output of the detecting means to derive
the window positions and to-use the derived window positions to derive the
illumination timings. Such use of encoded window positions facilitates the
calculation of appropriate illumination timings thereby improving timing control.

The illumination timings can be calculated easily from the decoded window positions

because the appropriate timings are the positions divided by the speed of the vehicle. -
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F uﬂhennore, simply by cha'nging the encoded markings the system can

' accommodate different wmdow conﬁguratxons of dlfferent types of vehicle or the

windows at which the i 1mages are vns:ble may be selected.
The markings may be a bar code which is advantag_eous because bar code -
technology is in itself well developed and hence its use simpliﬁes the present system.

'Known image dlsplay systems have concentrated on ﬂlummatmg each image

:m, as closely as possible, an identical position relative to.a given wmdow of the

vehicle. - This is indeed necessary to prevent jitter or drift inthe i image viewed by a

passenger on a vehicle. . . -

According to a second aspect of the present invention, there is provided a

of a series of images disposed along the path of a vehicle as the vehicle passes,

wherein the control means is arranged to control the lightly illuminate the images of -

‘respective portions of the series of images in positions which, relative to the vehicle,

are different for subsequent portions.

N The second aspect of the present invention allows different portions of the
series of hnages to be viewed a passenger in the vehicle at different positions within
the window from which the passenger is looking. This contrasts with the known

systems in which the aim is to illuminated the images in an identical position. It

allows numerous visual effects to be achieved, because the image viewed by the

passenger méy be moved around. For example, the images of the first portion of the
series of images may be illuminated on one side of the window and the images of the : -
second portién of the series may be illuminated on the opposite side of the window.
This movement may be co-ordinated with the content of the images. For example,

the portion of the series _displayed on one side of the window may be images of a first
person talking and the portion of a series on the second side of the window may
images of the second person talking in order to give the impression of two people
having on opposite sides of the window a conversation. Numerous other effects are -
possible with this technique. Within each portion of the series of images, it is

desirable to illuminate each image in an identical position relative to the window, so
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According to a third aspect of the present invention, there is provided an

" image display system comprising: a series of images for disposal along the path of a

vehicle; lighting for briefly illuminating individual images; and control means for
controlling the lighting to illuminate images successively as the vehicle passes, -
wherein the series of images comprises a plurality of cyclically interleaved sequences
of images.

By cyclically interleaving different sequences, the control means may be
arranged selectively to display one of the sequences, in particular by only
illuminating the images of that sequence. Thus if the sequences display different -
t);pes of image the system can change the type of image shown, for example |
depending on the time of day, without the need to physically replace the images.
This makes the system very versatile.

Alternatively, the interleaved sequences can be used to insert a subliminal
image sequence into a main sequence or to create special effects by appropriate
choice of the image sequences and, if necessary, control of the lighting.

The fourth aspect of the present invention relates to a capacitive discharge
circuit for a strobe lamp in the type of image display system to which the present
invention relates or to other systems where it is necessary to provide brief; bright
illumination . In such an image display system, it is necessary to illuminate the image

for a sufficiently brief time to prevent blurring which is caused by relative movement

of the image whilst it is lit. For example, where the train is expected to move at a

typical speed of 30 m/s, to limit the relative movement of the train and image to, say, -
3 mm, the period of illumination, must be 0.1 ms.
Strobe lamps such as gas discharge lamps used in a capacitive discharge circuit are
known for providing brief illumination in other applications. However, the known
capacitive discharge circuits would.be unduly expensive, large and impractical for
the present type of image display system. This is because of the requirement for the
illumination to be both brief and sufficiently bright for the viewer’s eye to perceive a
sufficient total amount of light for the image to be visible.

It must be noted that the brief period of illumination of the order of 0.1ms

may be contrasted with a TV or cinema film where each frame is visible for a much
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larger proportion of time. Therefore it is necessary that the discharge capaciter in the
capacitive discharge circuit stores a large amount of energy to achieve a sufficiently

bright flash. __Hdwgver, this can be incompatible with the charging requirements that

 the capacitor must be charged quickly without creating a h1gh charging current. For

example, at a typical train speed of 30 m/s and a typical window spacing of 2m, it is
necessary for a given strbbe lamp to flash at a rate of 15 Hz. However, charging the
discharge capacitor this quickly to a sufficient level with a known capacitive
discharge circuit creates a very high charging current which requires larger and more
expensive cqmponeﬁts to tolerate the current and also_incf_eases the power supply .
requirements. In dthe_r words, the known capacitive discharge circuits do not meet .
the requirements of creating a sufficiently bright flash with sufficiently quick
recharging without creating éxcessive charging current. ' R

According to the fourth aspect of the present invention, there is provided a
capacitive discharge ci;_cﬁit’ for a strobe lamp, 'compr_isiné; at least one discharge:

capacitor for storing charge; a strobe lainp; a trigger circuit arranged to triggér

~ discharge of the at least one capacitor through the strobe lamp; and a charging circuit

for the at least one discharge capacftor— arranged to charge the at least one discharge

capacitor through an inductor in series with the at least one discharge capacitor. -
The use of an inductor in the charging circuit overcomes the problems with

modifying the known capacitive discharge circuits by allowing charging to a

- sufficient level without creating an excessive charging current. This results from the

fact that the RC charging characteristic of a known capacitive discharge circuits -
creates an initially high current because of the exponential shape of the RC
characteristic. In contrast, the present invention allows an LC charging characteristic
to be employed which allows a faster charge time for a given maximum charging
current because it is shapéd as the initial part of a sine wave. The present invention

is also more energy efficient because it is current limited by the inductance of the

. inductor, rather than by a resistive element.

Another advantage of the present invention is that it allows the inductor to be
a fluorescent tube choke type inductor. In many capacitive discharge circuits, the

cost of a sufficiently large inductor would be prohibitive, but it has been appreciated
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with the operating characteristics of the strobe lamps in an image display system

" allow the use of a fluorescent tube choke type inductor which is cheap and easily

available. _

Another advantage of the induétor is that it allows the energy of the inductor
to be fed forward to the at least one discharge capacitor to increase the operating-
voltage. This reduces the required capacitance of the discharge capacitor for a given
energy output. For example, this may be achieved by the charging circuits including
at Jeast one reservoir capacitor having a capacitance greater than said at least one
discharge capacitor connected in paralle] with the series assembly of said at least one
discharge capacitor and said inductor. _ '

Preferably, the charging circuit includes a switch arranged to disconnect the
at Jeast one discharge capacitor from the charging circuit during discharge of the at
least one discharge capacitor, for example by the trigger signal provided the trigger
circuit being also supplied to the switch. This prevents the current from the charging
circuit being fed to the strobe lamp during discharge, which would be undesirable -
because it would impose the duty cycle of the supply on the output of the strobe lamp
and could cause the Jamp to enter a mode of operation harmful to the lamp.

Desirably, the trigger signal is supplied to the switch through an optocoupler
in the form of an opto-triac. This has the advantage that the switch is only re-enabled

at the zero-crossing point of the mains cycle, removing the need for a resistor in the

- charging circuit and thereby improving energy efficiency.

The capacitive discharge circuit may comprise more than one strobe lamp. In
that case each strobe lamp preferably has separéte discharge capacitors and separate
trigger circuits, but this is not essential.

According to the fifth aspect of the present invention there is provided a
display unit for mounting an image for display on the unit and for use in an image '
display system in which the image is briefly illuminated, wherein the display |
comprises: lighting arranged to briefly illuminate the image; and a shutter for
controlling the duration of illumination provided by the lighting.

The shutter may be open to start illumination and/or close to stop the

illumination. This is advantageous because many types of light, for example a gas
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discharge element, are difficult to quickly light and/or extinguish' by control of the
power supply alone, which can make it difficult to eﬁ'xc:ently limit the duration of
illumination. Ifthe hghtmg has a significant rise time or fall time for the
illumination levels, the shutter can be used to cut out illumination during at least part
ofthe rise and/or fall to provide illumination predominantly at a high level.

Any or all of the aspects of the present invention may be applied in
combination. _

To allow a better understanding of the present invention, the following
description of an image display system which embodies all the aspects of the present =
invention is given by way of non-imitative example with reference to the
acédmp_anying drawings in which: - -

Fig. 1 is a view of a section of the image display system;

Fig. 2'is a diagrammatic view of the circuitry of the section of the image

. display system; -

- Fig. 3 is a view of an alternative control unit for the section of the image

~ display system;

Fig. 4 is a flow chart for the control program run in the control unit;
Fig. 5 is aside view of a display unit of the image display system;
. Fig. 6 is a cross-sectional view of the display unit of Fig. 5 taken along the =~
line Xi-Xi; | _
Fig. .7 is the circuit diagram of a capacitive disc’hérgg circuit for the lighting
of the image display system; '
- Fig. 8 is a graph showing cliarge curves for the capacitive discharge circuit;
Fig. 9 is a cross-sectional view of a first alternative construction for the
display unit;and -
- Fig. 10 is a cross-sectional view of the second alternative construction for the o
display unit. _ . '
The image display system is arranged to display images to viewersona’
vehicle such as a train. A section of the image display system is illustrated in Fig. 1
which shows the elements mounted adjacent the path of the vehicle, for example

adjacent a railway track. The section comprises 2 plurality of images 1 each mounted

I —
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in a display unit 2 which has lightinig (described in more detail below) for briefly

* illuminating the individual images. The lighting is controlled by a control unit 3

connected to the display units 2 by respective control lines 4.

The section controlled by the control unit 3 can include any number of
images 1. Although only four images 1 are illustrated in Fig. 1 for clarity, desirably
the number is large, typically 24, to reduce the number and hence cost of the control:
units 3. The image display system may comprise a single section as illustrated in
Fig. 1, or plural successive sections to display an image for a longer time.

The images 1 are of a suitable size to be seen through a single window of the
vehicle, for example A2 where the vehicle is a train.

The images 1 together form a series which shows a stationary or changing
image when viewed successively. The change may create motion in the viewed
image for example like the bouncing ball shown in Fig 1, or may be a colour change
or other visual effect. The images 1 may show an advert or useful written or graphic
information, for example about the next stop for the vehicle.

Desirably, the images 1 include at least one horizontal line (not shown) at a
predetermined vertical position relative to the image, preferably continuous lines
running above and/or below the main image. Such lines will be picked out by the
eye of the viewer and act as a guide to compensate for vertical displacement of
successive images, for example because of their mounting position or because of
rocking of the vehicle. The lines may be invisible to normal illumination and picked
out by a separate ultra-violet lamp. o

The display units 2 illustrated in Fig. 1 are wall-mounted at the height of the
vehicle windows, for example on the wall of a tunnel or a cutting, although free-
standing display units could be used where there is no suitable mounting surface.
Often the images 1 need to be fitted around obstacles along the path of the vehicle
such as alcoves in a tunnel. In this case, the gap between images 1 mighi increase
but this creates a minimal disturbance to the viewed image and simply alters the
frame rate at that point in the series of images 1. '

The circuitry of the information display system is illustrated in Fig, 2 in

which the location of the various elements in the display unit 2 and the contro! unit 3
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is shown schematically by the dotted boxes.

The control unit includes an infra-red laser diode 5 as a source of -
electromagnetic radiation arranged to be incident on a passing \;ehicle'. The control
unit 3 further comprises a detector 6 in the form of a matched infra-red receiver for
detecting any radiation from the laser diode 5 reflected from the vehicle. Marking is
affixed on the vehicle at a predetermined position level wnh the detector 6. Use of
infra-red radiation_ reduces the chances of false triggering for example by the internal
vehicle lighting and prevents the radiation being visible. A refinement s to use
polarisation to prevent spurious signals triggering the detector 6. For example

polarising reflective marking may be used with the detector 6 being sensitive only to

- polarised radiation.

The control unit 3 further includes a microprocessor 8 which runs a program
to calculate when to illuminate each image 1 in response to the output of the detector
6 and outputs control sig_;ials at the calculated timings to trigger the illumination.

The microprocessor also performs control and monitoring -ﬁinctions for the elements

_ of the control unit 3.

In particular, the mlcroprocessor 8 uses the output of the detector 6 to detect

arrival of the vehicle, to derive a measure of the speed of the vehicle and to

determine the positions of the windows on the vehicle relative to the marking.

For the purpose of. épeed‘ measurement, the marking includes two vertically
extending strips of reflective tape a predetermined distance d apart. Passage of the-
strips past the detector 6 cause pulses in the output of the detector 6. The time
difference T between the two puises acts as a measure of the:speed v of the vehicle,
because T = d/v. The output of the detector 6 is connected to a counter chain 7 which
measures this time differé:_ace T between the two pulses. The measured time
difference T is then supplied to the microprocessor 8.

The markmg also encodes the window positions. For th:s purpose, the
marking includes a bar code disposed immediately after the two strips of tape. The
output of the detector 6 is fed to bar code chip set 9 which is in itself of a
conventional, commercially available type. As the bar code on the vehicle passes,

the output of the detector 6 is modulated by the bar code signal upon reflection of the
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electromagnetic radiation from the bar code. The bar code chip set 9 decodes the bar

. code. The decoded bar code is supplied to the microprocessor 8 which uses it to

determine the window positions. In particular, the control unit 3 has a memory table
storing different sets of window positions for résp_ec_tive bar codes and uses the
decoded Bar code to look u;Q the memory table. This may be stored in an involatile
memory of the microprocessor 8, such as an EPROM.

Other forms of markmg may be used to derive the measure of the speed of the
vehicle. For example, instead of using two strips of tape as the two features to derive -
the time difference T, any features recognisable in the output of the detector 6 counld

be used, for example the beginning and end of a horizontally extending reflective

'strip. Alternatively, the two features could be the beginning and end of the bar code

which would be advantageous because it would avoid the need for the reflective - .'
strips therefore reducing the amount of marking on the vehicle. _
Alternatively, the detector 6 could comprise two separate detectlon units 6a
and 6b a predetermined distance d apart, in which case the time difference T between
the detection of a single feature by the two detection units could be used asthe

~ measure of the speed v of the vehicle. Fig 3 shows the arrangement of such a control

unit 3, this being an alternative to the control unit 3 of Fig. 1. Fig 3 shows sepatate
laser diodes S for each detector unit 6a and 6b but the sources could be arranged on |
the opposite side of the train track 0 the train interrupts them and there is no '
reflection. As this arrangemeht allows the speed to be measured from a single
feature, such as a single strip of reflective tape at the beginning or end of bar co.de', it
is advantageous because it reduces the amount of niarking on the vehicle.

Instead of using marking, the speed of the vehicle could be measured in some
other way, for example using a radar or acoustic measurement system.

In the arrangement described above,.the control unit marking encodes the
window positions and derives the window positions from the marking. This is
advantageous because it allows the system to be used with different vehicles having
different window configurations, but is not essential. If the image display system is
to be used at a site where the vehicles have windows in identical, known positions
the window positions may be stored in the control unit 3, for example in the ,

T
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involatile memory of the microprocessor 8. The window positichs specific to that

 site are then stored in the control unit 3 when the image displtiy system is set up.

Alternatively, the information representing the wmdow positions may be
trartsmitted by some other means such asa transpcnder metinted on tﬁe vehicle. In
that case the modules will have a receiver to receive the mfonnatxon and
communicate it to the mlcroprocessor 8. A vehicle transponder and dxsplay system
receiver or transceiver may also be used to commumcate o_t_her _xnforr_natton between
the train and control unit, for example control inforr'nation,: such as for selecﬁng
illumination of one ofa plurahty of interleaved sequences of i images. Therefore, the
bar code chip set 9 is optlonal

The presence and form of the marking is not essential. For example the
arrival of the train could be detected in some other way such as from the change in -
the output of the detector on arrival of the front end of .the_tram or some other feature
already present on the side of the train. Other foﬁns of detector 6 could be used. For.

example the detector need not use infra-red radlatlon Also the system it need not

- rely on reflected radlatlon The source could be axranged on the opposite side of the

train so that the train interrupts a beam to detect arrival or could be omitted altogether |
if the detector 6 relies on ambient radiation.

- Where the vehicle comprises a plurality of linked carriages, it is possible to
provide separate markings on different carnages, whereby illumination is controlled

independently for the dlfferent carnages in response to the separate markmgs This

allows the system to use a separate measure of the speed for each carnage which

allows for more accurate timing control where the camages pass the i images at
slightly different speeds, for example if the train is acceletating or decelerating or
there is movement in the coupling between the carriages.

The program run in microprocessor 8 is illustrated in the form of a flow chart
in Fig. 4. - '

In step S1 the microp'recessor 8 monitors the outptlt of ttxe detector 8 to check
the first feature of the marking, repeating step S1 until thls occurs. |
| When the first feature is detected, the program proceeds to step S2 in which
the output of the detector 6 is monitored to check for the second feature of the
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marking. If this is not detected, the program proceeds to step S3, in which the

" microprocessor 8 monitors the output of the counter chain 7 to determine if the

elapsed time since detection of the first feature has exceeded a threshold. If not, the
program repeats step S2. The threshold is set at a level a little above the maximum
expected time difference T. If the elapsed time exceeds the threshold before the
second feature is detected, then the program reverts back to step S1 to look for the
first feature of the marking once again. Thus the threshold prevents the illumination
of the lighting from occurring erroneously in the event of a spurious signal
appearing on the output of the detector 6. ' .
If the second feature is detected in step S2 before the elapsed time exceeds the
threshold, then the program proceeds to step S4. In step S4 the 'micr0prooessor'8
inputs the time difference T between the two pulses from the counter chain 7 as the
measure of the speed of the vehicle: '
Finally, in step S5, the microprocessor 8 determines the appropriate
illumination timings and transmits control signals on control lines 4 at those timings’
to cause illumination of the images 1 in the respecti-ve display units 2.
The microprocessor 8 derives the timings for illumination of each image 1
connected thereto to illuminate each image repeatedly for different windows of the

vehicle. This is to allow the sequence to be viewed from each of those windows. To

_perform this calculation, the microprocessor 8 takes into account the positions, x,, of

each window relative to the marking, in particular by dividing the position x,, by the
measured speed of the vehicle, As the. control unit 3 normally controls plural images
1 at different positions, the microprocessor 8 also takes into account the positions X;
of the images 1 relative to the detector 6. In general, the timing t,,, at which to
illuminate the ith image at position x; for the wth window at position x,, can be

derived from the measured time difference T by the following equation:

. T '
ti,w= (Xi+ Xw)-— (1)
By storing the image positions xi.accurately, it is possible to control the

timing for each image 1 of the sequence to be illuminated at an identical position-
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relative to any given window.. This prevents sideways shifting of the viewed image

* from one jmage 1 to the next which can create drift 'relativé to the window. For the

same reason, it is important for a consistent value of the window position x,, to be
used for all the display units 2, in the sequence even those édntroll’ed by different
control units 3. However, the relative values of the windo@ positions x,, are less
critical as it is acceptable ifthe images are viewed at slighﬁy different positions
relative to different windows, provided they are still visible through the windows and
each image is illuminated in the same position relative to any individual window.

Instead of all the images being viewed at an identical position relative to the

~ given window, the timings may be controlled to illuminate the image or respective -

portions of the series.of images in positidns relative to the vé.hic]e which are different
for the respective portions. This may be achieved by adding .Selective offsets to the
stored image positions x; in equation (1) above. This .techJﬁ_que allows many visual
effects to be achieved, bg:ausé the image viewed by the paésenger may be moved
around. For example, the .i:m_ag.es. of the ﬁrst portion of the 'séries of images may be =
illuminated on one side of the .windbwmd_ the images-of the second portion of the
_series may be _i_Ilumin._atcd. on the opposite ,sid_e:-of- the winddw. . This movement may
be co-ordinat_,ed with the cbn_tqnt of the images: For-examplc,- the portion of the series
displayed on one side of the window may be. images. of a first person talking and the

portion of a series on the second side of the window may images of the second

~ person talking in order to give the impression of two people having on opposite sides

25

30

of the window a conversation. Numerous other effects are possible with this
technique. Within each portion of the series of images, it is desirable to illuminate
each image in an identical position relative to the window, so that there is no jitter or
drift.

Alternatively, the timings may be controlled to illuminate successive images

 at gradually changing position relative to a respective window. This may be

achieved by adding a gradually changing offset to the stored image positions x; in
equation (1) above. This technique causes the viewer to see a motion image which
itself moves relative to the window. |

~ In general, there are many ways a microprocessor 8 cbuld handle the



10

15

20

25

WO 00/55835 A R PCT/GB00/00856

-15-

calculation of appropriate tumngs in step S5, but the preferred technique used in the

‘described embodiment is as follows.

The respective window positions x,, are represented by a bit pattern known as
the "train map". The individual bits of the train map represent the presence or
absence of a window at positions a constant, predetermined spaEhng r apart. Ifthe
train map is 10100101, this would represent the windows at being at positions
X, =T, 31, 6r and 8r.

Similarly, the respective image positions x; are represented by a bit pattern
known as the "tunnel map". The individual bits of the tunnel map represent the -
presence or absence of an image 1 at positions the predetermined spacing r apart. For
example, if the tunnel map was 00101001, then this would represent a presence of = . -
images at positions x; = 3r, 5r and 8r.

The train map and tunnel map are used to derive the illumination timings in -
real time by relatively shifting the two bit patterns at a rate proportional to the speed
of the vehicle and proportional to the ratio of the predetermined distance d and the "
predetermined spacing r, whereby coincidence of respective bits of the tunnel map
and train map occur when the corresponding window and image 1 are adjacent one
another. The corresponding image is illuminated when this coincidence occurs. This
is achieved by shifting the tunnel map along a shift register clocked at a
predetermined shift timing t, given by the equation:

] :
ts= -d_.T )

The tunnel map maps individual bit positions of the:shift registér to
respective images 1. The tunnel map is used to switch bit positions of the shift
register to the control lines 4 for respective images 1. The Bits of the shift register at
bit positions where the tunhel map indicates the presence of an image 1 are used as
the control signal and connected to the respective control line 4 of the cofrespondin_g
image 1. '

Therefore, the use of the shift register automatically creates control pulses in
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real time on the control lines.4 at the correct timings. The shift register is a desirable
way to achieve this because it allows the timings to be detived with a minimum |
amount of processing poWer and avoids the need to calculate and store all of the -
timings for all the images and windows as an initial step. It also handles the supply
of simultaneous control _slgnals to different images 1, becairse‘ the bits are fed out of
the shift register along the different control lines 4 in parallel with one another.

The size of the predetermined spacing r is the resolution of the window map
and tunnel map. Any value for the predetermined spacing r ma'y be chosen
depending on the requirements for dlsplay on the vehrcle and the site for the i image

display system in question. In general it is desxra’ole to use a low predetermined

.. spacing r to avoid restnctlon on the posmonmg of the drsplay units 2. This has the

overhead of increasing the length of the bit patterns constrtutmg the train map and
tunnel map, but such long bit pattems are nonetheless easily handled by the
microprocessor 8. . - | .

The control signals output from the mlcroprocessor 8 are fed to the control

lines 4 through an array of dnver cn'curts 12 arranged to convert the level of the

- digital control signals to a sufﬁclent level for the control lines 4.

Each display umt 2 houses a capacmve drscharge circuit 10 which fires the

. lighting 11 to illuminate the image 1in that display unit 2. The form of the

20

25

30

capacitive discharge circuit 10 and the lighting are described in-detail below. Each of

the control lines 4 is connected to and  triggers the capacitive drscharge circuit 10 of a

 single display unit 2.

The display unit 2 is illustrated in Figs. 5 and 6. The base of the display unit
2is performed by an open-topped box 17 formed from sheet-metal whrch is mounted
in any orientation to a mountmg surface ad_]acent the path of the vehrcle The open
surface of the box 17 is covered by a transparent base sheet 13 of glass The image 1
is transparency positioned on the base sheet 13, The drsplay umt 2 has a hinged

* frame 14 supporting a transparent cover sheet 15 of glass. The frame 14 is openable

(as shown in Fig. 5) to allow removal and insertion of an image 1 and closable to
hold the image 1 sandwiched between the base sheet 13 and cover sheet 15. The

capacitive discharge circuit 10 is formed on a printed circuit board 16 mounted to the
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base of the box 17. The lighting 11 must be illuminated for a period of time

- sufficiently brief to prevent blutring of the displayed image when viewed from the

vehicle. In effect, the image is perceived by the viewer to move by an amount equal
to the speed of the train multiplied by the period of the illumination and this
movement can blur the image. Therefore the period must be short relative to the
speed of the vehicle preferably of the order of 1ms or less, preferably 0.5ms or 0.1ms
or less. _

The level of illumination must be sufficiently high to make the image 1
visible despite the brief period of illumination. The image display system will work
in any ambient light conditions, including daylight, provided the illumination is
sufficiently intense relative to the ambient light. Therefore, the intensity of the
lighting 1s selected to be sufficient for the ambient light where the system is to be
used.

. To meet these requirements, the lighting consists preferably of at least one

xenon discharge lamp 11, although other gas discharge lamps or strobe lamps could

be used. In the embodiment the lighting consists of four xenon discharge lamps 11

mounted, both physically and electrically, to the printed circuit board 16. The

discharge lamps 11 are spaced around the periphery of the printed circuit board 16 to
spread the light generated by the discharge lamps 11 across the rear face of the image

1.

 Thecapacitive discharge circuit 10 is designed to meet the above
requirements for brief, bright illumhaﬁon, as follows. The circuit diagram of the
capacitive discharge circuit 10is illustrated in Fig. 7. For clarity, the circuit diagram
of Fig. 7 shows only a single discharge lamp 11, whereas in fact all the circuit
elements shown in the dotted line in Fig. 7 are replicated for each discharge lamp 11
in parallel wifh one another.

Each discharge lamp 11 has two discharge capacitors, in particular a main
discharge capacitor C3 and an aﬁack discharge capacitor C2.  The main discharge
capacitor C3 is a substantial electrolytic capacitor (typically 33 to 100 puF and
preferably 68 uF) which provides the main energy source for the discharge that lights

the lamp 11. The main discharge capacitor C3 has a low internal resistance and is
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formed to withstand the high current impulse requirements during discharge The
attack discharge capacitor C2 is a smaller device (preférably 0.1 or up to, say, 1 uF)
which is non—electrolyuc and has a very low internal resistance and inductance for
the purpose of prov:dmg a faster attack to the flash dynamlc characteristics. The -
discharge capacitors C3 and C2 are connected in paralle! with the xenon discharge
tube 11. :

The control line 4 is connected to a terminal 19. The control signal from the
microprocessor 8 is supp_li_éd from the terminal 19 to a thyristor TH1 through a first
optocoupler O1 of a conventional transistor type. The thyristor TH1 forms part of a
triggering circuit tdgethéi' with a resistor R2, 'a'Capacitor-C4 and a transformer T1
connected in a convenﬁonal manner to provide an EHT trigger-pulse to the diséharge
lamp 11, thereby to tngger discharge of the discharge capacltors C3 and C2 through

the lamp 11. ‘
The capacitive discharge circuit 10 further includes & charging circuit for

- charging the discharge éapacitors C2 and C3 foman AC 240V mains supply

' connected 10 a pair of terminals 18. The charging circuit includes a bridge rectifier

D1 to rectify the mains ép_pply and provide a rectified DC supply across positive and
negative supply rails 27 and 28. The rectified DC supply is supplied to the discharge
capacitors C2 and C3 through a diode D2 and an inductor L1 in series with the

discharge capacitors C2 and C3. The inductor L1 is a conventional fluorescent tube

“choke type. The ability to use this type of inductor would provide significant cost -

saving as it is far cheaper than any other type of inductor of a comparable size.

A switch S1, in the form of a transistor switch which may be implemented by
bipolar or MOSFET transistors, is connected in series with the inductor L1. The
switch S1 has the purpose of disconnecting the discharge capacitors C2 and C3 and
the lamp 11 from the supply when the lamp 11 is triggered, Therefore, the switch S1
is switched on the inverse phase of the control signal supplied to thyristor TH1 by
supplying the control signal from the terminal 17 to the switch S1 through a second
octocdupler 02 normally of a conventional fransistor type. This prevents current
from passing directly to the lamp from the supply during illumination of the
discharge lamp 11. This prevents the duty cycle of the supply being imposed on the
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output of the strobe lamp and prevents the strobe lamp 11 from eniering a harmful

. mode of operation. : - _

In addition, the main supply is fed to the bridge rectifier D1 through a resistor -
R1, and there is a reservoir capacitor C1 connected between the positive and negative
supply rails 27 and 28. The current limiting resistor R1 and the reservoir C1 are
optional, for reasons discussed below. '

The operation of the capacitive discharge circuit 10 will now be described.

After the mains supply is applied, current passes through the diode D2,
inductor L1 and switch S1 to charge the discharge capacitors C2 and C3 until the )
voltage prevents current flow through the diode D2. Under normal conditions this
voltage is in the range of 270V to 400V. This is the quiescent condition of the
capacitive discharge circuit 10.

When the control signal is supplied to the control terminal 19, the discharge
lamp 11 is triggered causing the charge on the discharge capacitors C2 and C3 to
discharge through the lamp 11 creating the brief period of illumination required. Of
course, all four strobe lamps 11 are triggered at the same time. During this time, the
switch S1 is switched off by the control signal, thereby disconnecting the supply

- from the lamp 11 so that the only current flowing through the lamp 11 is the

discharge current from the discharge capacitor C2 and C3.

Immediately after the triggér is removed, the switch S1 closes and the
discharge capacitor C2 and C3 are charged via the inductor L1. - The use of the
inductor L1 in the charging circuit provides a number of advantages, as follows. The
charging characteristics are determined by the predominantly LC circuit formed by
the combination of the inductor L1 with the discharge capacitors C2 and C3. The
resultant L.C charge curve 20 is illustrated in Fig. 8 and is characterised by the initial
part of the sine curve. Accordingly, the charge time to peak voltage is quick but -
without creating an excessive charging current. Control of the charging current is
important as an excessive charging current may damage components. The charging
current is proportional to the slope of the charge curve because it is equal to the total
capacitance of the discharge capacitors C2 and C3 multiplied by the rate of change of
voltage. It can be seen from Fig. 8 that the LC charge curve 20 is nearly linear over
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the charging.

This contrasts with the chargmg ofa conventwnal capacmve dlscharge circuit
through a resistor whxch will have an RC charactensnc A typxcal RC charge curve
21 is also 1llustrated in Fxg 8. As compared to the LC charge curve 20, it can be seen
that the charging time is longer wlnlst the max1mum chargmg current is higher, at the
beginning of the RC charge curve 21 where the slope is maxlmum If the charge
time of the RC charge curve 21 were to be reduced by decreasmg the resistence in the
charging circuit, then the chargmg current would become hlgher still. Therefore, the
use of an inductor in the chargmg cu-cult adds an lmproved balance between
obtaining a fast charge tlme w1thout creatmg an excesslve charging current.

In addition, the provxsron of the mductor Ll means that current is limited by

the reactance of the inductor L1, rat_he_r t_ha_n by a resistive e_lement, so there is less

energy wastage.

Furthermore, the use of the 1nductor Ll allows the energy stored in the
inductor L1 to be fed forward to the drschargelcapacltors Cc2 and C3 in order to
increase the operatmg voltage of the system as a whole 'I‘h:s reduces the size of the
discharge capacitors C2-and C3 requlred for a glven output energy. As the energy is

directly proportional to the capacitance of the dlscharge capacxtors, but proportional

~ to the square of the voltage thls allows for far smaller capacltors and therefore

produces sxgmﬁcant cost savmgs _ ,

To utilise the energy stored in the inductor i in this way, the charging circuit
includes the reservoir capacitor Cl connected across the supply and thereforein
parallel with the series -assembly of the discharge capacltors C2 and C3 and the
inductor L1. The reservo'irl capacitor [o3 isa large électrolytic capacitor (preferably
220 pF) having a capacitance signiﬁcantly larger than the discharge' capacitors C2
and C3 which conversely have a lower capacitance than if the reservoir'capacltor c1
were omitted. The reservoir capacitor Cl 'ﬁlte'rs t_he rectified DC supply voltage and
provides a filter peak DC voltage which i higher than the RMS mains value.

During operation, the magneti,.c energy stored in the inductor L1 is fed
forward to the discharge capacitors C2 and C3 during the charging cycle which has

the effect of more rapid recovery of--the reservoir capacitor C1 and the discharge
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capacitors C2 and C3, and also maintains a higher overall voltageacross the
discharge capacitors C2 and C3. ' -

In this arrangement, the current-limiting resistor R1 is provided in series with
the AC supply to stop the in rush current to the reservoir capacitor C1 being
excessive at power up and during operation. Optionally, a small capacitor (not
shown) of say 100 pF may be connected in parallel with the rectifier D1 on the input,
unrectified side. | |

The provision of the reservoir capacitor C1 and resistor R1 is preferred for
modes of operation where the strobe lamp 11 will operate at a high frequency, for
example above about 15Hz. However, at lower flash rates, it is not neceSsary to
provide the reservoir capacitor C1, thereby providing a cost saving. In this case,
optocoupler O2 is preferably an opto-triac which is switched on to disable the switch
S1. This has the advantage that the switch S1 is the only re-enabled at the zero
crossing point of the mains cycle. This gives a soft start and hence removes the need
for the current limiting capacitor R1 which improves energy efficiency.

Numerous modifications may be made to the capacitive discharge circuit 10
illustrated in Fig. 7, as follows. '

In place of separate optocouplers O1 and 02, a single optocoupler (either a

. transistor circuit or an opto-triac) may be used both to trigger the strobe lamp 11 and

to control the switch S1. Preferably, the single optocoupler is arranged to connect a

_ further charged capacitor (not shown) to the gate of the thyristor TH1 when switched

on, in order to pulse the control signal applied to the thyristor TH1. The further
charged capacitor may be connected directly to the control input of the switch St. In
this case a further resistor will be arranged in series in the line from the charged
capacitor to the thyristor TH1 to provide an appropriate time constant to the pulse.
For example, the further capacitor and further resistor may have values of 10 nF and
1.5 kQ, respectively. The further capacitor then remains discharged whilst the
optocoupler is on, thereby disabling switch S1 in the usual manner. For charging,
this further capacitor may be connected in series with a larger resistor (of say 150
k) between the positive and negative supply rails 27 and 28, so that the rectified DC
supply smoothed by the reservoir capacitor C1 charges the further capacitor through
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the larger resistor. Preferably the voltage on the further capacitor is limited for

- example by a Zener dtode Pulsing the supply to the thyristor TH1 has the advantage

that the thyristor is not held on. Thls modification requires that the common terminal
of the transformer T1 should be tled to the negatlve rail 28 rather than to the cathode -
of the strobe lamp 11 as illustrated in Frg 7.

The_ unsmoothed supply voltage may be connected, through an appropriate
diode and resistor, as anladditional. sunply to the optocouplers O1 and O2 (or single
optocoupler if used) and/or to the-thyristor THl to ensure that these devices can
never remain Jocked on if a fault in the circuit occurs,

Instead of prov1dmg the res1stor R2, capacltor C4 and transformer T1

. ‘separately for each strobe lamp 11, a common trx_gger circuit may be used to trigger

the strobe lamp 11, or 'the resistor R_z_.e_nd.c_apaci_tor C4 may be provided in common
for all four strobe lamps 11, to feed respec_tiye transformers T1. '
For safety, large resistors (of. say 330 kQ) may be connected in paralle]l with

-the discharge capacltors C2 and C3and wnh the reservoir capacitor C1 to allow -

leakage of the charge stored on these capacltors when the capacmve discharge circuit
10 is disconnected from the mains AC supply _ '
Lastly, an addmonal diode (not shown) may be connected with its anode to
the node between the switch S1 and. the inductor Ll and its cathode to the positive
supply rail 27. The operatton of such a diode only becomes significant if the
operating frequency becomes higher than antncxpated in which case the switch is
turned off before the capacrtors have fully recharged. In this situation, such a diode

_ will prevent damage to the switch due to over-voltage. It also has the advantage of

feeding the excess e:nergsr from the inductor L1 back to the reservoir capacitor C1.
The series of _iméges 1 may comprise a pluratity of cyclically interleaved
sequences of images 1. For example two sequences showing different motion images
may be alternately positioned along the series, This allows one of the sequences to
be selectively displayed, under the control of the microprocessor 8. This makes it -
very easy to chenge _the_image_shown without having to physically replace the -
images. The change may be cont_rol_led, for ex_a.rnple,_based on the time of day.

Preferably, the microprocessor 8 monitors the illumination rate of individual
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images to cut out illumination when the rate falls below a threshqid. The thfeshold

" may be selected at a rate sufficiently low to cause harm or nuisance to viewers in the

vehicle or at a rate sufficiently low to cause flickering of the iinage. In general, the
threshold does not have a universal value, but varies with the flash and ambient
lighting levels, but a typical cut-out level might be 1'6'or 20 illuminations per second.
An optional feature which may be added to the system described above is |
some means for drawing the attention of the viewer toan immihen_t sequéncc of |
images. This can maximise the impact of the display and prevent the viewer missing
the initial images of a sequence. One possibility for such means is a'disp!ay. imit 2 of
the type described above positioned in front of a Segﬁence of images and showing a |
image which is brightly coloured or patterned or otherwxse eye-catchlng Another _
possibility is an arrangement of lights arranged in front of a sequence of images. The
lights may be coloured and/or flash. They may be vertically displaced from one |
another to produce a streaming effect. The lights may be triggered by a control
system similar to that of the display unit 2 described above or simpler control
system which merely detects the moving train or markmgs Alterhatively, means for
producing an audio warning, such as a chime, voice or music may be used. |
The image 2 may be darkened to reduce the visibility of the image when it is
not illuminated. This reduces blurring which is caused by the imagés being visible to

some extent even when not illuminated due to reflection of stray light, for example

* from the vehicle. This slight visibility creates blurring as the image moves relatively

past the window. A preferable way to darken the image is to make either or both of
the base sheet 13 or cover sheet 15 in the display urit 2 from datkened material.
Alternatively, the image 1 can itself be darkened. Where the image 1 is darkened, it
may be necessary to increase the level of illumination from the lighting 11 to |
compensate. |

Other forms of display unit 2 may be used.

An alternative structure of the dlsplay unit 2 is shown in Fig. 9. In this
structure, the images 1 are heldina closed sheet-metal box 22 A lighting 1is
disposed behind and below the image 1 and a reflector 23 behmd the image 1 dxrécts
the light from the lighting 11 through the image 1.
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Another altemative structure for the display.unit 2is shown inFig. 4. The

- images 2 are mounted to the ma_)or surface ofa transparent ; sheet 24. A housing 25

attached to the lower nm of the sheet 24 houses a hghtmg l 1 whtch emits light into
the edge of the sheet 24

The hght 1s dlrected through the sheet 24 by total mtemal reﬂectron andis
emitted through the ma]or surface of the sheet 24 and hence 1llummates the image 1.
By etching the major surface of the sheet 24 itis pos51ble to control how much light
is emitted. Preferably the etchmg causes the proportton of the mctdental light
emitted to increase relatlve to the proportlon mtemally reflected as the distance from
the hghtmg 11i mcreases so as to make the absolute amount of hght emitted through a
given area more umform The advantage of usmg sheet 24 to du'ect the light -
internally is that i 1t can reduce the thlckness of the module as compared to the use of a
reflector. ' '

0ptionall’y, a shutter is provided to assist'in controlling the brief illumination .

- of the image 1.. Sucha shutter 26 is 1llustrated in Figs. 9: and 10 positioned between
: the lighting 11 and the optrcal system whlch dnects hght from the lighting to the

mounted i 1mage, that i is the reﬂector 23 in the dtsplay umt 2 of th 2orthe’
transparent sheet 24 in the chsplay umt 2 of F1g 10 The shutter 26 is preferably an -

" optical element havmg a controllable transmtssmty, such as a llqmd crystal shutter. -

20

25

30

“In the display umt 2of ths 5 and 6, the shutter may be provided by forming

the cover sheet 15 as an opttcal element havmg a controllable transmtssmty, suchas

- liquid crystal. Other types of optlcal shutter or mechamcal shutter could be used.

The shutter is provnded if the hghtmg is of a type whxch is difficult to quickly
light and/or extinguish by controllmg the power supply alone For example, a gas
discharge elements have heen developed to maxnmse then' efﬁcxency and hence
minimise power usage, but it remams dtfﬁcult to precisely control the initiation and

cessation of light emission. Illumination levels can have a 51gruﬁcant rise or fall .

~ time. Also the driving voltage from a capacitor dlscharge cannot be instantaneously

cut. This can make it dtfﬁcult to hmtt the duratlon of the lllummatton. These
problems may be avo:ded by use of the shutter. The 1llummat10n may be started by

. opening the shutter, hav_mg prevrously tumed on the light and/or the illumination
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may be ended by closing the shutter, with the light being turned off subsequently.
The shutter may cut out the illumination during at least part of the rise or fall time in
illumination levels so that illumination is only provided at a maximum level. The
shutter is controlled by the control signal to open and close at the correct timings
relative to the illumination.

Alternatively the display could allow the selective display of different
images. For example plural images 1 could be printed on an endless roll arranged tb-
be movable around a track defined by rollers to selectively position any one of the
images 1 in a viewable position on the front face of the display unit 2, in the manner
of a "scroller” used in stage lighting systems to change the colours of filters in front
of lights. ' |

Another alternative is for the front face of the display unit 2 to be constituted
by an LCD display controllable to show a selectable image 1. This would have the
advantage of avoiding the need to ﬁhysically change mounted images. Preferably,
but not essentially, the LCD display would be combined with backlighting as
described above. Currently 1hé cost of LCD displays would be prohibitive but the
system is technically feasible and the cost is likely to reduce to an acceptable level. |

Another alternative is to use a front-lit poster. However, it is preferable to
ﬁse backlighting because in the unlit state a transparency reflects less ambient light
and is darker than a poster, particularly outdoors. This means the unlit transparency
will be less visible and will not affect the viewed image. |

The images may instead be préjected by an optical system from a small
transparency onto the face of the display unit which acts as a screen. This has the
advantages that no image at all is visible when the lighting is off and that the iniage
may easily be changed. However an optical system of appmpﬁate quality is
expensive and it is difficult to obtain images of sufficient quality.
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- CLAIMS
1. Anij lmage dlsplay system compnsmg

a series of images for disposal along the path of a vehicle;

lighting for bneﬂy illuminating mdmdual images; and

at least one control unit for controlling the lighting of at least one image to
illuminate images sucoéséive_ly aS thé: vélﬁc_l_e p_asséé, wherein the at least one control
unit comprises: _ ,' _ |

detector means for detectmg arnval of the vehicle;

means for deriving a measure _qf_ the speed of the vehicle;

means for controlling the lighting of said at leést one image in response to
detection of the marking t;o illunlinatg_ each _individi:al-i_mage repeatedly for
respective windowé of tﬁé vehicie takmg int.o.acco'uht the speed of the vehicle and

the positions of the fesp;;:t_ive windows of the vehicle.

2. : Animage display sys’tgm'acq:ording to claim 1, wherein the detector

means is arranged to detect markmg on the vehicle.

3. An i_mage_' display system according to claim 2 wherein said means for
deriving a measure of the speed of the vehicle is axfanged to derive said measure of
the speed from the output of the detector.

4, Ani image dlsplay system according to claim 2 or 3, wherein the
marking encodes the posmons of respectxve wmdows along the vehicle and the
control unit mcludes means for decoding the output of the detector to derive the

window positions.

5. An image display system according to claim 4, \;vherein the marking is

a bar code.

6. An image display system according to claims 4 or 5, wherein the

This Sheet Has Been Replaced’
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decoding means is arranged to decode the output of the detectorby looking up a
memory table storing different sets of window positions.

7. An image display system according to any one of claims 1 to 3,

wherein the control unit stores the positions of the respective windows of the vehicle.

8. An image display system according to any one of the preceding
claims, wherein the control unit is arranged to detect a time difference in the output

of said detector means as said measure of the speed of the vehicle.

9. An image display system according to claim 8, wherein the control
unit is arranged to detect from the output of the detector means the time dxﬁ'erence
between two features of the marking a predetermined distance apart as said measure
of the speed of the vehicle.

10.  Animage display system according to clalm 9, wherexn said two
features are the beginning and end of the marking.

11.  Animage display system according to claim 8, wherein the detector
means comprises two detector units a predetermined distance apart and the control
unit is arranged to detect the time difference between the detection by the two units
of the same feature of the marking.

12.  Animage display system according to any one of the preceding
claims, wherein the control unit is arranged to control the lighting of a plurality of

images taking into account the positions of the images.

13.  Animage display system according to claim 12, wherein in said
control unit said respective window positions are represented by the individual bits of
a first bit pattern which represent the presence or absence of a window at positions a

predetermined spacing apart and said respective image positions are represented by

I
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the individual brts of a second bit pattem whrch represent the presence or absence of

- images at posmons sard predetermmed spacmg apart, and said control unit is

arranged to derive the timings for 1llummatron of 1nd1v1dual images in real time by
relatively shifting the ﬁrst and second brt patterns at a rate propomonal to the derived
speed of the vehicle and controlhng the ﬂlummatron of respective images when the
bit of the second bit pattem representmg the presence the respective image coincides

with the bit of the first bit patter_n _reEresenttng the pos_ltlort_;q_f; a window.

- 14. Ani 1mage drsplay system accordmg to clarm 13 wherem the control
unit is arranged to shift said first b1t pattern through a shift reglster and using the

~second bit pattern map the bit posrtlons of the shrﬁ reglster to said plurality of -
~ images, to output the brts at bit posrtrons of the shlft regrster where the second bit

pattern indicates the presence of an 1mage to control lllunnnatron of that image.

13. An image display. system accordmg to any one of the precedmg

radiation arranged to be mcrdent on the vehrcle such that the detector means receives

the reflected radiation.

16; Ani rmage drsplay system accordmg to clarm 15 wherem the

17.  Animage display system according to clalm 16 wherein the source
comprises an infra-red drode and the detector means compnses at least one matched

infra-red receiver.

18.  Animage dxsplay system accordmg to any one of the preceding
clauns, wherein the detector means is arranged to detect polansed light for detecting

reﬂectrons from polansmg markmgs _

19. Animage display'syst'e_nr according _te any one of the preceding
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claims in combination thhthe vehicle.

20.  Animage display system according to claim 19, wherein the vehicle _
comprises a plurality of linked carriages and has separate markings on different |
carriages.

21.  Animage display system according to any one of the preceding
claims, wherein said means for controlling the lighting comprises a microprocessor

programmed to derive illumination timings for an individual image.

22.  Animage display system according to any one of the preceding’
claims, wherein said means for deriving a measure of the speed of the vehicle

comprises a counter chain.

23.  Animage display system according to any one of the preceding -
claims, wherein the at least one control unit is arranged to control the lighting to
illuminate successive images at an identical position relative to each respective

window.

24.  Animage display system according to any one of claims 1 to 22,
wherein the at least one control unit is arranged to control the lighting to illuminate

successive images at a gradually chaﬂging position relative to a respective window. -

25.  Animage display system according to any one of claims 1 to 22,
wherein the at least one control unit is arranged to control the lightly illuminate the
images of respective portions of the series of images in positions which, relative to

the vehicle, are different for subsequent portions.

26.  Animage display system according to any one of the preceding

claims, wherein the images are backlit transparencies.
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27.  Animage display eystem accordiiig to any one of the preceding

. claims, wherein the lighting comprises,' for each image, at least one discharge lamp

anda capacmve dtscharge circuit for hghtmg the at least one lamp, triggered by a
control signal from saxd control umt ' :

28.  Animage display system accerdixig to any one of the preceding
claims, further comprising means for attracting the attention of a viewer prior to the

series of images.

29. A conﬁ-ol umt for a'.nlimage disi)lay system arranged to briefly
illuminate successive 1mages ofa series of i nnages disposed along the path of a
vehicle as the vehicle passes, wherein the control umt comprises:

_detector means for detectmg amval of the vehicle;

means for.denvmg a measure of the speed of the vehicle; .

means for controllmg the hghtmg of at least one image in response to
detection of the markmg to illuminate each mdmdual image repeatedly for
respective wmdows of t_he velfucle talqgg .111_1';.0 aec_oun_t the speed of the vehicle and

the positions of the .x"espeetive windows of the vehjcle.

30.  Acontrol rpeens for an image display system for briefly illuminating -
successive ixﬁagee of a series of imeges disposed aleng the path of a vehicle as the
vehicle passes, wherem the control means. is arranged to control the lightly illuminate
the images of reSpecnve portlons of the series of i images in positions which, relative

to the vehicle, are dxfferent for subsequent portions.

3 1 An image display system comprising: .

a seties of irhages fer disposai along t_he path of a vehicle;

lighting for briefly illuminating individual images; and

control means for controlling the lighting to illuminate images successively
as the vehicle passes, |

wherein the series of images comprises a plurality of cyclically interleaved

\
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sequences of images.

32.  Animage display system according to claim 31, wherein the control

means is arranged selectively to illuminate one of the sequences.

33. An image display system according to claim 31, wherein the control

means is arrenged to illuminate the images of all the sequences as the vehicle passw...

34.  Animage display system constructed and arranged to operate
substantially as hereinbefore described with reference to the accompanying drawings.

35. A capacitive discharge circuit for a strobe lamp, comprising:

at least one discharge capacitor for storing charge; |

a strobe lamp;

a trigger circuit arranged to trigger discharge of the at least one capacitor
through the strobe lamp; and o

a charging circuit for the at least one discharge capacitor arranged to charge
the at least one discharge capacitor through an inductor in series with the at least one

discharge capacitor.

36. A capacitive discharge circuit according to claim 35 , wherein the
charging circuit includes a switch arranged to disconnect the at least one discharge
capacitor from the charging circuit during dischargé of the at least one discharge

capacitor.

37. A capacitive discharge circuit according to claim 36, wherein the
trigger signal applied to the trigger circuit is also supplied to the switch to control
switching. '

38. A capacitive discharge circuit according to claim 37, wherein the

trigger signal is supplied to the switch through an optocoupler.
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39. A capacitive discharge circuit according to. claim 38, wherein the
optocoupler is an opto-triac. ' |

46. A capacmve dlschatge circuit accordmg to any one of claims 35 to 39,
wherein the charging cncmt includes at least one reservonr capacitor having a
capacitance greater than said at ._l__east one dlschaljge capacltor connected in paraliel
with the series assembly of said at least one discharge caﬁécitdr and said inductor.

41. A capacitive dlscharge circuit according to claun 40, wherein said
charging circuit further includes a resistor for hmmng current flow to the at least one

reservoir capacitor.

42. A capacitive discharge circuit according to any one of claims 35 to 41,
wherein the charging circuit is supplied by a rectified AC supply.

43, A capacitive discharge circuit according to é_ny one of claims 35 to 42,

wherein the inductor is of a flourescent tube choke type. -

44. A capacitive discharge circuit accotding to any one of claims 35 to 43,

 wherein the strobe lamp is a xenon discharge lamp.

45. _ A capacmve dlschatge c:rcutt according to any one of claims 35 to 44
wherein the at least one discharge capacitor includes at least one main discharge
capacitor and at least one attack capacitor having a lower capacxtance than, and
connected in parallel w1th, said at least one main discharge éapacitor for increasing
the speed of attack of the discharge. | |

46. A capacitive discharge circuit according to any one of claims 35 to 45,
wherein a diode is pmvidéd between the charging circuit and the at least one
discharge capacitor.
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47, A capqc_'i_t_ivé‘ discharge circuit constructed andatfanged to operate -
substantially as hereinbefore described with reference to the -aéébmpanying drawings.

48. A display unit for mounting an image for display on the unit and for
use in an image display system in which the image is briefly illuminated, wherein the
display comprises: '

lighting arranged to briefly illuminate the image; and

a shutter for controlling the duration of illumination provided by the lighting.

49. A display unit according to claim 48, wherein the shutter is an optical
element having a controllable transmissivity.

50. A display unit according to claim 49, wherein the shutter is a liquid
crystal shutter. ' '

51. A display unit according to any one of claims 48 to 50, further
comprising an optical system arranged to direct light from the lighting to a mounted )
image wherein the shutter is disposed between the lighting and the optical system.

52. A display unit accbrding to any one of claims 48 to 51, wherein the
optical system comprises a sheet arranged to receive light through an edge and to
emit light through a major surface adjacent which a transparency constituting said

image may be mounted.

53. A display unit according to claim 52, wherein said major surface of
the sheet is etched to facilitate the emission of light.

54. A display unit according to any one of claims 48 to 54, wherein the
shutter is disposed adjacent the image.

55. A display unit according to any one of the claims 48 to 54, wherein
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. the shutter is arranged to be closed before the illumination from the lighting ceases
and/or to be opened after the illumination from the lighting commences for limiting

the duration of the illumination.

5 56. A display unit according to claim 55, wherein the shutter cuts out
illumination during at least part of the rise and/or fall in illumination levels from the
lighting. |

52. A display unit according to any one of the claims 43 to 51, wherein
10 the lighting comprises at least one gas discharge element. |



