DI SPLAY MODULE This invention relates to displays of the type in which

| i ght sources are novable along a predeterm ned path and the intensity of

| i ght emwoedioni3ddee | i ght sources as they nove al ong t ireT@B20@®E0939 Nned
path is varied in order to cause a desired inmage to be visible by virtue of
persi stence of vision. Such types of disglay are well known, but they have
typically been used only as novelty anmusenent devices. However, we have
found that these types of display device nay be used to generate high
quality static and video i mages. One way of achieving this is set out in
our PCT application, published as WO2006/021 788. This describes an inage
di spl ay apparatus conprising two GHSRbAY MQRBYLEGf |ight sources which
rotate around a common axis. The intensity of light emtted by each |ight
source as it rotates around the conmmon axis is nodul ated so that the |ight
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sources which rotate around a common axis. The intensity of light emitted by each
light source as it rotates around the common axis is modulated so that the light
sources in combination cause a desired image to be visible to an observer by

virtue of persistence of vision.

15 In the display system described in W0O2006/021788, each light source is arranged
such that it traverses along a unique path, the unique paths of the light sources in
each array being interlaced with those of the other arrays. Although this feature is
not an essential part of the invention described herein, it does provide a particular
benefit in that the resolution of the display may be increased almost arbitrarily

20 such that relatively few light sources may be used to render an extremely large
number of “virtual pixels”. This feature makes the use of this type of display very
cost-effective for large scale display applications, such as in advertising billboards

and video displays at public events and the like.

There are some difficulties with using this type of display however, because many
25 different sizes of display are required for different purposes. Therefore, the arrays
of light sources have to be sized to suit the particular application. This is costly in
terms of the cost of designing and manufacturing bespoke arrays to suit a
particular application. It also presents engineering difficulties since in the case of

large displays the speed of motion at the tip of an array will be alarmingly high in



particular application. It also presents engineering difficulties since in
the case of large displays the speed of notion at the tip of an array wl|
be al ar miwgl2g1oniigdaci norder to ensure a sufficient refregshTrGR200%508er to
the centre of the array, and the rotation of the arrays at high speed

I nevitably causes vibration unless the aprays are wel | bal anced, which of
course leads to inmage distortion anongst “ot her probl ens. Another problem
that exists with this type of systemis that as the arrays are rotated
around the common axis, the Iight sources describe a circular path. The
resulting i loj ensure adudiicentielreshbate doseasde dhe cantheofiihe avimsrangsthene
vast ) o ibibiBh ofReb ity aBPhioR LAY Eoldik iBRAGd Tl AYE tgyhave 2
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modul e conpiré e llahcss whidreof c@lhrte $endscie imzigeldistoticongmangstestaeer m ned
path and a controller adapted to nodulate the intensity of l[ight emtted by
the at | eaPfORJRESI | ght source as it noves along the predeterm ned path so
as to cause a desired inage to be visible by virtue of persistence of
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associ ated with bespoke designs of display nodul es nentioned above. The

nmodul ar appavashfosaept ed al |l ows a single design of nodule to be used for
the construction of display assenblies of a vast array of different sizes
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thereby e?HeC iinr’ggnéi’g/eofvliig?mrt gHit?gd w ?ﬁe \é\ﬂlélagt one light source as it moves along the
predetermined path so as to cause a desired image to be visible by virtue of
persistence of vision, characterised in that the display module further comprises a
15  drive system for causing the at least one light source to move along the
predetermined path and a coupling system adapted to ensure that the drive
system causes the at least one light source to move, in use, along the
predetermined path in synchrony with the light sources on one or more adjacent

display modules.

20 The invention therefore overcomes the problems associated with bespoke
designs of display modules mentioned above. The modular approach adopted
allows a single design of module to be used for the construction of display
assemblies of a vast array of different sizes and shapes without requiring any
particular engineering or development work. Since the module may be much

25 smaller than the overall size of the assembly, the speed of rotation of the
individual modules may be lower, thereby reducing the vibration that would

otherwise be encountered.

In one embodiment, the at least one light source comprises an array of light
sources rotatable around a common axis, the light sources in the array being
30 arranged such that each traverses along a unique path around the common axis,



ot herwi se be encountered. |In one enbodinent, the at |east one |ight source
conprises an array of |ight sources rotatable around a common axis, the

| i ght souwoesi/m3ddie array being arranged such that eaclrCTrGB2erssss3al ong a
uni que path around the conmmon axi s, and the controller is adapted to

nodul ate the intensity of light emtted Ry each Iight source in the array
as it traverses its respective unique path such that the light sources in
conbi nati on cause a desired inmage to be visible by virtue of persistence of
vi sion. However, in a preferred enbodiment, the at | east one |ight source
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In this preferred embodiment, the arrays preferably rotate around the common

axis in synchrony.

This preferred embodiment may comprise two arrays which are diametrically
15 opposed as they rotate around the common axis. However, it typically comprises

four arrays, equidistantly disposed around the common axis.

The paths traversed by the light sources of each array in this preferred
embodiment may be interlaced.

The module may further comprise a central array of light sources disposed radially

20 inwardly from the first array with its centre on the common axis.

The module typically further comprises a Hall effect sensor coupled to the
controller, the Hall effect sensor being adapted to sense the passage of a magnet
mounted on one of or each of the arrays. The provision of a Hall effect sensor
enables the controller to keep track of the position of the arrays as they rotate

25 around the common axis. The sensing of the passage of the magnet provides an
index position where the arrays are at a predetermined angle of rotation around
the common axis. The position of the arrays at any time can be determined from
the angular speed of the arrays and the time since the passage of the magnet

was last detected. The angular speed may either be controlled by a speed



around the common axis. The sensing of the passage of the nmagnet provides
an i ndex position where the arrays are at a predeterm ned angle of rotation
around t hwOcormaso4axi s. The position of the arrays at aR¢TIGBIeONEM3DE
determ ned fromthe angul ar speed of the arrays and the tine since the
passage of the magnet was | ast detected. ,The angul ar speed may either be
controll ed by a speedcontroller or cal cu|4at ed based on the tine taken

bet ween consecuti ve passages of the magnet past the Hall effect sensor.

Al t hough ot her sensing nmeans, such as an optical encoder, nmay be used to
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syst em conpPHLORIGA (RIG Y] on each synchronising shaft, whereby each
synchroni sing shaft can be coupled, in use, to a synchronising shaft of an

adj acent diTsl Ijht BBUrES ark gsieRy IR ehifBgldidded LEDS)JBhd Prefeessly aie each

nodul e nove in synchrony. e synchronising shafts are typically coupled
t oget her ahdDQoatengicalour bEEXs.one |ight source by a gear linkage. This gear
| i nkage may conprise a plurality of bevel gears, each of which is nounted
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is meshed w't gear “coup a one
The at | easbuplee tbgethter aodrto ¢heray|cast onel higetdsdurce Bacpthatabiatipnaff any one
synchroni si nﬁ shafts via a clut %h such that when the fl utch i s disen aged
the at | eaSYNeENSINgHehaft causes the others to rotate and the at least one light source t
move along the predetermined path and the coupling system comprises a
coupling on each synchronising shaft, whereby each synchronising shaft can be
15  coupled, in use, to a synchronising shaft of an adjacent display module, thereby

ensuring that the light sources on each module move in synchrony.

The synchronising shafts are typically coupled together and to the at least one

light source by a gear linkage.

This gear linkage may comprise a plurality of bevel gears, each of which is
20 mounted on one end of a respective one of the plurality of synchronising shafts
and is meshed with another bevel gear coupled to the at least one light source.

The at least one light source may be coupled to the plurality of synchronising
shafts via a clutch such that when the clutch is disengaged the at least one light
source may move along the predetermined path without corresponding movement

25 of the plurality of synchronising shafts.

Preferably, the clutch may only be engaged when the at least one light source is
at one of a plurality of index positions along the predetermined path and the
plurality of synchronising shafts are at a predetermined angle of rotation.



source may nove along the predeterm ned path w t hout correspondi ng novenent
of the plurality of synchronising shafts. Preferably, the clutch may only
be engagewiowhmmisize at | east one |ight source is at onePofl/GB2péunsed3vty of

i ndex positions along the predeterm ned path and the plurality of

synchroni sing shafts are at a predeterniged angl e of rotation. The display
nodul e typically further conprises an el &ctrical connection which nay be
coupled in use to an adjacent nodule for transmtting image data to the

adj acent nodul e. The di splay nodul e normally further conprises a housing in
whi ch the gdiherdisplay r@ﬂ’dtﬁ9 Rarealyi forthgr epraptisesae Qﬁﬁﬁm%@onﬂﬁ@tlcnbwbmgnay
conpr|5|ng k t he

per et er P (i, ek Béh, BigBAtinodlf BF WalaRiho 1RAGe HEla B B8,
exposed thm@yg@nannmﬁmgctlve aperture in the at Ieast one peripheral face.
The at | east one |light source is typically coupled to the plurality of

synchroni si hafts via a dri haft whj ch passes thro an a re in
the front MABISHAY r%ffdﬁ%agfma%épqrﬁwommseéa@oqw v fidng pudaiy’
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| east one | t source is covered by a transparent cover. The front face

and at Iead;eastmepmrlpmleealdace ele&nmg;ioheaenmeten@‘rtbedﬂpus@gf oherein a@d@ml ofin a
first enbodi_nent ront face st _one per | r
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front faceopk ddipheaished i s shaped such that a plurality of housings may
be placed with their peripheral edges in abutnment to forma tessellation.
In this case, the front face of the housing t Eaically has a trianqul ar,
square or ﬁéﬁa@dﬁ@ﬁt afiedljgt SAUEﬁes'EItWC@J%@PW“?g vweo@ueailﬁs@?wc@aomslﬁgm ch
t he perhph [ o the
first ?aér)]d g@gttsg%gﬁgirlgén $h %st%gﬁééﬁ B%Sastc:%'dﬁ:rﬁpdarﬁut %@%ﬁ b?egmatﬁ% ﬁ'(r)og{é%et adj acent
di splay nodules to forma tessel | ati on,

The at least one light source is typically disposed adjacent the front face on the

outside of the housing.
Preferably, the at least one light source is covered by a transparent cover.
The front face and at least one peripheral face typically intersect to form an edge.

15 In afirst embodiment, the front face and at least one peripheral face are typically

disposed at right angles.

In a preferred second embodiment, the front face of the housing is shaped such
that a plurality of housings may be placed with their peripheral edges in abutment
to form a tessellation. In this case, the front face of the housing typically has a

20 triangular, square or hexagonal shape.

A display assembly may be constructed, in which the peripheral edges of a
plurality of display modules according to the first and second embodiments are
placed in abutment with those of adjacent display modules to form a tessellation,
and the synchronising shafts of each display module are coupled such that the

25 light sources of each display module all rotate in synchrony.

In this display assembly, the controller of each display module is typically
electrically connected to the controller of an adjacent display module to enable



and the synchronising shafts of each display nodule are coupled such that
the light sources of each display nodule all rotate in synchrony. In this
di spl ay aweentwop3o4sshe controll er of each display nodul ePC3/GBepaEhd3y

el ectrically connected to the controller of an adjacent display nodule to
enabl etransm ssion of inage data from eagh display nodule to the adjacent
di splay nodule. The position of the at |€ast one |ight source of each
display nodule is typically offset along its respective predeterm ned path
relative to the position of the at |east one |light source of adjacent

di spl ay nod@negissipn of knage data frem aash disglay ¢ & ther adjapertehisplay spl ay
nodul es don%)&ul%ol lide as they rotate. The at |east one |light source of
each display nodule typically rotates in an opposite direction to the
direction of rotation of adjacent display nodules for the sane reason.

Pr ef er abl y, Thesudsitibrepl the attehst @nedighb sostcedzldachrdisgddy modulalisr typicatiy

per pendi cul oits front face relative to adjacent displ. ul es,
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| i ght source an e coupling System corfprises a speed controller~for
cont r ol | i ngoureessyestinasint dispday owdofest drenat calkdas as dray fotgfht Thewt taashndeor

t he angul ar. pffset of the at |east, one light source relative.to. .an,absol ute
synchr oni deRbrobe B epif i biiteupicaiy hads Roar Shid it iRp ey
the notor epaRfibs6Frctafidibf &diabahtdighaymadiledidrike sbnleeakorne | i ght
source is rotatable in use. The shaft nmay be holl ow and the nodul e may

further cogg)ri se an optical transmtter and an optical receiver which
cooper at e traetesablyyeachhgiepigytraodvigriman bepligablyanavesinr giregfiathe control | er,
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can be tramrsablitgdedigcérhenopitthemhodulansm tter to the optical receiver
t hrough the holl ow shaft.

In a particularly preferred embodiment, the drive system comprises a motor

coupled to the at least one light source and the coupling system comprises a

speed controller for controlling the speed of rotation of the at least one light
15  source and/or the angular offset of the at least one light source relative to an

absolute synchronisation point in accordance with a master clock signal.

Normally, the motor comprises a static shaft about which the at least one light

source is rotatable in use.

The shaft may be hollow and the module may further comprise an optical

20 transmitter and an optical receiver which cooperate to convey image data from an
image data source to the controller, the optical transmitter and optical receiver
being disposed in alignment with each other at either end of the hollow shaft such
that the image data can be transmitted by the optical transmitter to the optical

receiver through the hollow shaft.

25 Preferably, the module further comprises a first sensor adapted to generate an
output pulse in response to the passage of each of an array of circumferentially-
spaced speed control elements as the at least one light source rotates, the speed
control elements being equidistantly spaced from each other, wherein the speed

controller is adapted to control the speed of rotation of the motor such that the



Preferably, the nodule further conprises a first sensor adapted to generate
an output pulse in response to the passage of each of an array of

ci rcunf ermwot2oaldigeipaced speed control el enents as the aPCraEmD3eI3pi ght
source rotates, the speed control elenents being equidistantly spaced from
each other, wherein the speed controller_is adapted to control the speed of
rotation of the notor such that theout put7 pul ses generated by the sensor
and the master clock signal are synchronised. The display nodul e nmay
conprise a second sensor for detecting the passage of a |ocation el enent,

t her eby en&bitRupuisasoenarategtpothectenspe aad the saasteneork gienakaigr ce to be

det ect ed. Egﬁbﬁ'%hl%d the nodul e further conprises a peripheral ring of gear
teeth coupl to e notor, which interdigitate in use with the gear teeth
on the rotors of adjacent nodul es. These gear teeth are preferably

conf i gur ed Theodisplagimadidy noly carnprisd @ secohd Gensor fos eetadtingtthe pgesaigd ekah of

adj acent dul es when e |ight urces, of adj ace modul es are rotating in
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for intgrcegpedddidsteline display nodule with adjacent display nodules in a
predefined registration and orientation. The interconnection features

preferably conprise a pair of nale features on each of a first pair of
di agonal | y Topgedgdhedsnaaule fatthemeomprisgsca petpheiehring of geanided teupladde on

the mal e ande fiiel el eRAERE kL Yed BREER o B REiT efand Mol Pt dagt i ec™
respect i velnyodilediagenjedrdsthesretpefepbisly idaafigdiedcsith thategsio mottgke
pr edef i ned reFu stration and orientation. A display assenblly may be fornmed,

i n which t §enfagt & eemmébithe gepetaain 65 adiacenpmedalastwhen the kghitspuressdfes are
i nt er cppne i oﬁh@sg 0 [ | es, and each display nodule is
suppl i 2@ vm%idﬁ‘%temHn%stlergrc @é{\ﬂi&qgﬁs&ﬁcg@gﬁ that the light sources of each
di splay nodul e rotate in synchrony.

The module normally further comprises interconnection features for

interconnecting the display module with adjacent display modules in a predefined

registration and orientation.

The interconnection features preferably comprise a pair of male features on each

15  of afirst pair of diagonally opposed corners of the module and a pair of female
features on each of a second pair of diagonally opposed corners of the module,
whereby the male and female features cooperate with the female and male
features respectively on adjacent modules to hold the adjacent modules in the
predefined registration and orientation.

20 Adisplay assembly may be formed, in which the interconnection features of a
plurality of display modules are interconnected with those of adjacent modules,
and each display module is supplied with the master clock signal such that the
light sources of each display module rotate in synchrony.

In this case, the controller of each display module may be electrically connected
25 to the controller of an adjacent display module to enable transmission of image
data from each display module to the adjacent display module.

Within the assembly, the position of the at least one light source of each display
module may be offset along its respective predetermined path relative to the



In this case, the controller of each display nodule may be electrically
connected to the controller of an adjacent display nodule to enable

t ransm ssworrowio1dimage data from each di splay nodul e to Phe/Getp@osn3odi spl ay
nodul e. Wthin the assenbly, the position of the at | east one |ight source
of each display nodul e may be offset alogg Its respective predeterm ned
path relative to theposition of the at ast one |ight source of adjacent

di spl ay nodules. Typically, each display module in the assenbly nay be
slidably noved in a direction perpendicular to the plane in which the

pr edet er ni MO§itieatat the atleast ane light epuies f ediacgns@isalayroedules, t her eby
enabl i ng repl acenent of the nDduIe In a second aspect of the I nvention, a
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whereby circular rather than square or rectangul ar | mages are produced. By

ensuring t eevathe alagontirst pegretemuined pladh haviega st skapmta sergnd lightpath to
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and the fi auxt 'rary” array beirngr AN X S,
| i ght sour pessistentbefvisigt. array and first auxili ary array bei ng arranged
such that each traverses along a uni que path around the commn axis, the
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square or rectangular images are produced. By ensuring that the second light
source follows a different shape of path to the first light source, the image

15  boundary may have, for example, a rectangular shape even though a circular

rotary motion is used to cause the motion of the light sources.
Typically, the second predetermined path encloses the first predetermined path.

In one embodiment, the first light source is one of a first array of light sources and
the second light source is one of a first auxiliary array of light sources, each of the
20 first array and the first auxiliary array being rotatable around a common axis, the
light sources in the first array and first auxiliary array being arranged such that
each traverses along a unique path around the common axis, the light sources in
the first auxiliary array being movable relative to the light sources in the first array
such that the unique paths traversed by the light sources in the first array are of
25 the first shape and the light sources in the first auxiliary array are of the second
shape, and the controller is adapted to modulate the intensity of light emitted by
each light source in the first array and first auxiliary array as they traverse their
respective unique paths such that the light sources in combination cause a

desired image to be visible by virtue of persistence of vision.



such that the unique paths traversed by the light sources in the first
array are of the first shape and the Iight sources in the first auxiliary
array ar ewofzotoia3second shape, and the controller is adapraBze@/ososal at e
the intensity of light emtted by each light source in the first array and
first auxiliary array as they traverse their respective uni que paths such
that the light sources in conbination cause a desired inmage to be visible
by virtue of persistence of vision.Typically, the first array and first
auxiliary array rotate around the comon axis in synchrony. Typically, the
first array Yeif@llyithetfiraiuaray ang fiest @anilinpt atray setatenaround the epprmenaxisiin

radi al ali %\gﬁgr%n In a preferred enbodinent, the first auxiliary array is
radi al |y novabl e Yel ative to the first array. Typically, the first array is
nounted on a first printed circuit board (PCB) and the first auxiliary
array i s miypicatlyothedirst arsay and first auyiliBGBarraneotbte stouadxhé icamm&CBxisenng
slidable relatjve to the first PCB. In this case, the first auxiliary PCB
i s normal | y24iR| diBIeMount ed on the first PCB. In one variant, the first
auxiliary PCB is caused to slide relative to the first PCB by follow ng a

cam proki | ¢n @Spreferfedf &hBodRfEHNhel 1St SMMBH) aMdySs radiafy fidVable/@latiito t he

first auxiliary PCB is caused to slide relative to the first PCB by a notor
coupl ed tothérérstiarrdy. auxiliary PCB and driven by the controller so as to
vary the displacenent of the first auxiliary PCB relative to the first PCB

as it rotat ic%rllg,;iﬂg fr3€ar M%ﬂ@ﬁfg@uorrﬁ% @Fsﬁfpgfn'faéadggﬁgmp%%ﬂf:@éﬂratmhe

conpri ses a’seco array o cond auxi'l rrary array of

| i ght sour Giest,ausdiahy afral henpeetstloaarfayt andidrii @GR cthediratUaiXiliary YGB r ay
being rotatable around a common axis, the |ight sources in the second array

. : : . 1 g ,
and the sed6ig didable ealgtive tohefisstiCRr Inuthirersaudhe firhauxkialy PEBVEr ses
al ong uni : Hﬂgl i, the light sources in the second
auxi | i Z(r)y g&@?%é@nﬁd@ova #?P@ﬁ?ﬂ\%ﬁ%& he |light sources in the second
In one variant, the first auxiliary PCB is caused to slide relative to the first PCB by

following a cam profile as it rotates around the common axis.

In another variant, the first auxiliary PCB is caused to slide relative to the first PCB
by a motor coupled to the first auxiliary PCB and driven by the controller so as to
15  vary the displacement of the first auxiliary PCB relative to the first PCB as it

rotates around the common axis.

A preferred embodiment further comprises a second array of light sources and a
second auxiliary array of light sources, each of the second array and the second
auxiliary array being rotatable around a common axis, the light sources in the

20 second array and the second auxiliary array being arranged such that each
traverses along a unique path around the common axis, the light sources in the
second auxiliary array being movable relative to the light sources in the second
array such that the unique paths traversed by the light sources in the second
array are of the first shape and the light sources in the second auxiliary array are

25 of the second shape, the controller being adapted to modulate the intensity of light
emitted by each light source as it traverses its respective unique path such that
the light sources of the first and second array and the first and second auxiliary
arrays in combination cause a desired image to be visible by virtue of persistence

of vision.



array such that the unique paths traversed by the |light sources in the
second array are of the first shape and the |ight sources in the second
auxi | i arywarosyo1aie of the second shape, the controll er PogiGRIO@IBEM3Ed t O
nodul ate the intensity of light emtted by each |ight source as it
traverses its respective unique path such,that the |ight sources of the
first and second array and the first and second auxiliary arrays in

conbi nati on cause a desired inmage to be visible by virtue of persistence of
vi si on. The _second array and second auxiliary array typically rotate around
t he cormmon Ta%i SLCORAHAFyhARFh FeCcONnsbadbar @t ipicaly refateoar@uad the icammen r ay

typically ra%saihesgﬂm%?/. the common axis in radial alignment. Typically, the
first array an econd’array rotate around the conmon axis in synchrony.

Typically, the first auxiliary array and second auxiliary array rotate
around t he Thensemondxarsay and gecdridayxilidrigearfayrtypically egtatenarouhd the cemmon
auxiliary arra y . be dianetrically opposed to the second array and the
second auxialxisdiqigaegrl gloryReRthey rotate around the common axis. Preferably,
the paths traversed by the |ight sources of each of the first and second

arrays 9_reﬁybk%'ll&,%@%@t”é’rréﬁén@%é@énd éﬁf)é?ﬁ’ét%@e BloundehkicaRimsnekien of each
of the first and second auxiliary arrays are interlaced. The second

auxiliary &ypelyrony. typically radially novable relative to the second array.
Preferably, the second array is nounted on a second PCB and the second

pCs bet ny SYPRERYSrPaE Ay ARl Bl iy AR SR B o™

auxi |l i ary ReBhrmen tyiiinalyhghiniydabl y nounted on the second PCB. In one
variant, the second auxiliary PCB is caused to slide relative to the second

The first array and the first auxiliary array may be diametrically opposed to the
10 second array and the second auxiliary array as they rotate around the common

axis.

Preferably, the paths traversed by the light sources of each of the first and second
arrays are interlaced and the paths traversed by the light sources of each of the
first and second auxiliary arrays are interlaced.

15  The second auxiliary array is typically radially movable relative to the second

array.

Preferably, the second array is mounted on a second PCB and the second
auxiliary array is mounted on a second auxiliary PCB, the second auxiliary PCB
being slidable relative to the second PCB. In this case, the second auxiliary PCB

20 s typically slidably mounted on the second PCB.

In one variant, the second auxiliary PCB is caused to slide relative to the second
PCB by following a cam profile as it rotates around the common axis.

In an alternative variant, the second auxiliary PCB is caused to slide relative to the
second PCB by a motor coupled to the second auxiliary PCB and driven by the

25 controller so as to vary the displacement of the second auxiliary PCB relative to
the second PCB as it rotates around the common axis.



PCB by followng a camprofile as it rotates around the common axis. In an
alternative variant, the second auxiliary PCB is caused to slide relative
to the sewondioR@B4by a notor coupled to the second auxi PCaGB2ROBISee3d dri ven
by the controller so as to vary the displacenent of the second auxiliary
PCB relative to the second PCB as it rotates around the comon axis. The
device typically further conprises a central array of |ight sources

di sposed radially inwardly fromthe first array with its centre on the
common axis. Preferably, the device further conprises a Hall effect device
coupl ed t o Theedeyic Bydidady further gpriserst @ eentaeh\arcay ofdighd sadmestispasesense

the passage, by iBRARH-SRYAL St Yhrah/ Vo] 16 Bhnb iineABrhbR A di scussed in

relation to I'rst aspect 0 e’invention, provi sron of a Hall
effect sensor enables the controller to keep track of the position of the
arrays as threferabiyathe devicenfiirthiee coopmises axisll effectaddvicse eaupleshtesthean opti cal

sensor nmay repl ace the | ] effect sensor, .the optical sensor detecting the

bassage of CRATEIGnAIR FALEHBEFIGMCDBENEATANER NPT DierRPosAO Y Augponet

recei ves. Tydiftal lov theRst dredit A%%Féa%? As&ussEln ré!ﬁﬁorﬁ’fcffrféfﬁg{ sbdtg o EDs
LEDs. No |1 e first e an t%

are tricol our . rmal ly,” th shape is a circ e second
shape i s atheinveation, themroviaiogl of.a Hall &ffebi sehsas peablesfthe isontralarivikeep t her e

is a nmethod o ing.image data on to a first arr of light .sources

ot at abl o 70 58 pSHRN SRR Ayas il rotgbrtralhd e Remld Lo S gRER: ng
arranged sygahahidabnRpftiBal Sehsor aRfy RpAIS AeldiNefeRaehsar, i dplids sefsHPN
axis, the intensity of light emtted by each light source in the first
array bei ngiemmllmgatg@@aégam of pagiersent hatwees fncepticabtransmiiter gadrarsaptical hat
t he Iiggt ?g&’éi §rs i n conbination cause a desired imge to be visible by
virtue of peérsistence of vision, and the inmage data conprising a plurality
of data val ues, each of which corresponds to a pixel in the desired imge,
t he met hod Topigaily sthedighbeolirckk ane hE D, @apd:preferamipithe L EDg dredricolout LEDsOf
the first array and assigning each light source in the

Normally, the first shape is a circle and the second shape is a square or a
rectangle.

In a third aspect of the invention, there is a method of mapping image data on to a

15 first array of light sources rotatable around a common axis, the light sources in the
first array being arranged such that each traverses along a unique path around
the common axis, the intensity of light emitted by each light source in the first
array being modulated as it traverses its respective unique path such that the light
sources in combination cause a desired image to be visible by virtue of

20 persistence of vision, and the image data comprising a plurality of data values,
each of which corresponds to a pixel in the desired image, the method comprising
the following steps:

a) monitoring the position of the first array and assigning each light source in the

first array to an appropriate pixel in the desired image;

25 b) calculating the point of intersection of the first array with a predefined image
boundary;

¢) modulating the intensity of each light source of the first array within the
predefined boundary according to the data values corresponding to the pixels of



first array to an appropriate pixel in the desired inmage; b) cal culating
the point of intersection of the first array with a predefined inmage
boundar y;wo)omndsi4at i ng the intensity of each |ight sourcE&/GH20e9MS0430r St
array within the predefined boundary according to the data val ues
corresponding to the pixels ofthe desiregd,imge to which the |ight sources

have been assigned in step (a); d) nodul &ting the intensity of each |ight
source outside the predefined boundary according to nodified data val ues
corresponding to the pixels of the desired image to which the |ight sources

have been &Rergnieer image tpwiie, thswehhwme&@augtbﬁewaaswe&énﬁ@ept Jeul at ed
fromthe correspondi ng data values in accordance with a predeterm ned

functi on; %@%@ulétﬁ'&e@g i@%n?tg% eggii"éﬁté o8Bl {Héﬁkd@ﬁﬁ@é’bf)@h@élgfobl em

around t he ‘conmon rovi des~anot her vvay of overcom ng
wher eby ci racobrding & medifickladata yalues cm‘rreseohdmmgubahelpvmgmef meedemrreduced By

ot | noa T AT o R ) e h b 85 BT ¢ o
exanpl eg adra‘t“’c?‘élé‘lﬁ%'b%"nqsﬁzﬂQ@aﬁébeﬁortrﬂﬁé%rr%sﬁbﬁ&#\ %raté %F&"e)é ifBktSahee used
to cause the notion of I ght sources a may al so be mapped

on to a sesvtida predetemhined dinctoouaods, t he second array bei ng rotatable
around the common axis, the light sources in the second array being

i o “ana” EEeAHEngGREds LBTERES oy FRLamay "o PRRBE Bt ARG

nodul ated as it traverses its respective unique path such that the |ight

sour ces of Thiepfovidds anstheewandf af/ér@bmnﬁ? ¢aprobidrnavharabg eireulderdthed i nage
to be visible by virtue of persistence of vision, the nethod conpr|S|ng t he
fol | owi ng ARN BHYRSI 0f§?@|@§‘9”¥3f '%9?% are H@’C{Uﬁédp% iswitghingroft aereseiehigdhsr r ay

and as ni i xel
't he Qasi' S0 SRAGr LB Bisidh b tpRBERRT FhAG pelnddy PR Geiralde. P
second arr ayagetnhay be fancedéd |h|aeel for example a rectangular shape even though a

circular rotary motion is used to cause the motion of the light sources.

The image data may also be mapped on to a second array of light sources, the
second array being rotatable around the common axis, the light sources in the

15 second array being arranged such that each traverses along a unique path
around the common axis, and the intensity of light emitted by each light source
being modulated as it traverses its respective unique path such that the light
sources of the first and second array in combination cause a desired image to be
visible by virtue of persistence of vision, the method comprising the following

20 additional steps:

i) monitoring the position of the second array and assigning each light source in
the second array to an appropriate pixel in the desired image;

ii) calculating the point of intersection of the second array with the predefined

image boundary;

25 iii) modulating the intensity of each light source of the second array within the
predefined boundary according to the data values corresponding to the pixels of
the desired image to which the light sources have been assigned in step (i);

iv) modulating the intensity of each light source outside the predefined boundary



i mage boundary; iii) nmodulating the intensity of each |light source of the
second array within the predefined boundary according to the data val ues
corr espormiDregloim3ddhe pi xel s of the desired i mage to whi ebTiIGBR00%FM39SOUr CeS
have been assigned in step (i); iv) nodulating the intensity of each |ight
source outside the predefined boundaryaCﬁgrding to nodified data val ues
corresponding to the pixels of the desir image to which the |ight sources
have been assigned in step (i), the nodified data val ues bei ng cal cul at ed
fromthe correspondi ng data values in accordance with a predeterm ned
function; @ﬁQOKﬁﬁng peedifieg datayalues)careespiopyiingstotthe pixels of therdgsinest at es
around t he; i I i S, {d: - ( NIRRT o I e
carried out"ﬁg ncﬁt“&fefél Yhye '\R%h:t Eb@{c%%s Vg)%efee% ?s(eé)lénéﬂ?@ %{%P\gt) thﬁﬂ@%‘ﬁ%élg%gér)rays
typi cal |y natussebeinggaldutated rormihie cotrespondiyddtacmiues in ddcosdaresawith he
first and second arrays are nornmally dianmetrically opposed as they rotate
around t he PERFRIBIMIRASUNGRN; 88Fhs traversed by the |ight sources of each
array are preferably interlaced. The position of the first array is

typi cal by W?Pééé%[tfﬁ ét@p§§§fbu Wa@ﬁheqﬁ%ff&r‘é%?%té@ﬁ 41857395 EbmndRaKs!

nounted on the first arr I'ng a Ha ect device. As already discussed
inrelation to the first and second aspects of the invention, the provision
of a Hal |l d&nthiscasersieps éhib(vwvill hicaliytbeotarded oyt keapurertbkwigh stems (a)
position of t( e arrays as they rotate around the common axis. |In other

vari ants, 5?1 tical sensor may replace the Hall effect sensor, the optical
sensor detecting the passage of an el enent between an optical transmtter

and an opt iTel firseasd ¥etondbeayptypsely rotate apmsid thercophmbhexieiaayhchrargy may
be nonitored in step (i) by detecting the passage of a ,maﬁnet nount ed on
t he second lathigyags, thg fEstnd seqanscamays arediormiallydirpelicaily RPROS thagpt i cal

sensor 4fay tﬁﬁpkﬁg@ 5,]89851%é c6tisst axignsor, the optical sensor detecting the
e

passage of a enment between an optical transmtter and an opti cal
receiver.
The paths traversed by the light sources of each array are preferably interlaced.

The position of the first array is typically monitored in step (a) by detecting the
passage of a magnet mounted on the first array using a Hall effect device. As
already discussed in relation to the first and second aspects of the invention, the

15  provision of a Hall effect sensor enables the controller to keep track of the position
of the arrays as they rotate around the common axis. In other variants, an optical
sensor may replace the Hall effect sensor, the optical sensor detecting the

passage of an element between an optical transmitter and an optical receiver.

When present, the position of the second array may be monitored in step (i) by
20 detecting the passage of a magnet mounted on the second array using a Hall

effect device. In other variants, an optical sensor may replace the Hall effect

sensor, the optical sensor detecting the passage of an element between an

optical transmitter and an optical receiver.

Alternatively, the position of the second array may be monitored in step (i) by
25 detecting the passage of a magnet mounted on the first array using a Hall effect
device. This is enabled by knowledge of the angular displacement of the second
and first arrays. In other variants, an optical sensor may replace the Hall effect
sensor, the optical sensor detecting the passage of an element between an



Alternatively, the position of the second array may be nonitored in step
(i) by detecting the passage of a nagnet nounted on the first array using a
Hal | ef f ewD 2demilees This is enabl ed by know edge of thePamgiB2009/050939

di spl acenent of the second and first arrays. In other variants, an optical
sensor may replace the Hall effect senSO{ the optical sensor detecting the
passage of an el enent between anopti cal ‘}ansn‘itter and an opti cal

receiver. Typically, the first and/or second array rotates around the
common axi s at a constant angul ar velocity. The predefined i nage boundary

i s typi cal loptisalisansnoiiter aod anqntigal lesedape. The predefined i mage boundary
is normally contained entirely within the area swept out by the first

and/ or Secqﬁyﬁiec%ygat}ﬁe flr MOF%@"@%" r&tQ%serSEFﬁ& %é‘&&%g@d‘n@gé P

multiplies t ta values ou predefined i mage ry Ey zero
such that tcbesizot argplandelogityrodi fi ed data values are all zero. In an
alternative enbodi nent, the predeterm ned function causes the intensity of

t he nodifi data {a(_l‘rées ou%si d(iathe }pr.e Iefi ned i mage val ue to be reduced
relative t CARMRSE IMIHPOYRLATY 47 PEUGRIN FING At IqHaarin§haRes yr ¢ her
alternative enbodi nent, the predeterm ned function causes the intensity of

the nodsfi qthedsedefiméd Reagd boutary/he nBFRAIBS tdrRbincaBdRiraIgwighit ehd age i n
accordance with their distance fromthe predefined i magé boundary. In a
fourth aspéwepbput by thefishandior serendar@ypr ovi ded a conputer program
conprising conputer-inplenentable instructions, which when executed by a

pr ogr ammabl : r r hod
' aceor date T I TRt g A= BRBRaTHRtdh FRIPHESthe 8RR BRSbaSR "ot
t he i nvent it prddedinediimage douthedryaby eempusech thiad treacorpespdindingcmoplifiesl dega a
conput er pr o%r&%m whi ch when executed by a programrabl e conputer causes the
pr ogr ammablV8UESAIEt3rZ& 8- perform a method in accordance with the third

aspect of the invention.
10 In an alternative embodiment, the predetermined function causes the intensity of

the modified data values outside the predefined image value to be reduced

relative to the intensity of the corresponding data values.

In a further alternative embodiment, the predetermined function causes the
intensity of the modified data values outside the predefined image value to fade in
15  accordance with their distance from the predefined image boundary.

In a fourth aspect of the invention, there is provided a computer program
comprising computer-implementable instructions, which when executed by a
programmable computer causes the programmable computer to perform a
method in accordance with the third aspect of the invention.

20 In afifth aspect of the invention, there is provided a computer program product
comprising a computer program, which when executed by a programmable
computer causes the programmable computer to perform a method in accordance
with the third aspect of the invention.

Embodiments of the invention will now be described with reference to the
25 accompanying drawings, in which:

Figure 1 shows an assembly of display modules according to a first embodiment



Enbodi nents of the invention will now be described with reference to the
acconpanyi ng drawi ngs, in which: Figure 1 shows an assenbly of display
nodul es awoandimgosbo a first enbodi nentof the inventi onPCFIGR2@®/@0sShows t he
drive coupling between a pair of adjacent nodules within the assenbly.
Figure 3 shows a gear |inkage within one, of the nodules. Figure 4 shows the
assenbly of six nodul es configured for operation. Figure 5 shows a front
view of the assenbly. Figure 6 shows a detailed view of the outer ends of
one of the printed circuit board carrying the light emtting diodes. Figure
7 shows a @éthg inwenierw of the centre of the rotating bl ade assenbly.
Figure 8 shows a perspective view of a display nodul e according to a second

thodi ; . . . _ c . br oo h
i apl ay. modar e EehSE e Sfiye COGRIRG ety Baif GFhdiaBEh HoBMEL Wi thd, T
in isolati @agsembgure 11 shows a view of the stator of the display nodule in

isolation. Figure 12 shows a view of six stators joined together to
illustrate how i spl ay _assepbly mpy be constructed. Figure 13 shows a
ber Specti vE e S0P 8 e ITkasg vl e SRR MEFHERCas ol ded in Fi gure
14 shows a display nodule nodified so as to produce an inmage with a square

or rectgngigurelPsHEWs tHd Q@ﬁeﬁné@o$@MoéQié%ﬂi@nifiga*éd/foaobéﬁﬁ’tioﬁi. ew of the
di splay nodule of Figure 14. Figures 16a and 16b show front views of the

di splay nodul e of Figure 14. Figure 17 shows a flow diagramfor a first
net hod of &dGUretd sREWHa framyiew ef gt assedblvni cal |y. Figure 18 shows a flow
diagram for a second nethod of adjusting the inmage format el ectronically.

Figure 6 shows a detailed view of the outer ends of one of the printed circuit board

carrying the light emitting diodes.
Figure 7 shows a detailed view of the centre of the rotating blade assembly.

10  Figure 8 shows a perspective view of a display module according to a second

embodiment of the invention.

Figure 9 shows a sectional view through the display module.

Figure 10 shows a view of the rotor of the display module in isolation.
Figure 11 shows a view of the stator of the display module in isolation.

15  Figure 12 shows a view of six stators joined together to illustrate how a display

assembly may be constructed.

Figure 13 shows a perspective view of the module with the radial arm PCBs
folded in.

Figure 14 shows a display module modified so as to produce an image with a

20 square or rectangular format.
Figure 15 shows schematically a rear view of the display module of Figure 14.
Figures 16a and 16b show front views of the display module of Figure 14.

Figure 17 shows a flow diagram for a first method of adjusting the image format



Figure 19 shows a schematic bl ock diagram of the electronic circuitry used
in the second enbodi nent. Figure 1 shows an assenbly of six display

nodul es, wachioafi3mei ch is identical. Each of the six no@airaGB20emM30938es a
housing la to 1f and a bl ade assenbly 2a to 2f. The bl ade assenbly 2a to 2f
will be described in detail later, but {ééefly it carries a set of printed
circuit boards (PCBs). An array of light emtting diodes (LEDs) is nounted
on each PCB in such a manner that when the PCBs are nmounted on bl ade
assenblies 2a to 2f the arrays forma respective pair of lines of LEDs 3a
to 3f and #eatwngallynhi ch intersect at the centre of the blade assenbly 2a
to 2f to forma cross. The bl ade assenblies 2a to 2f are rotatably m)unted

on their r t4 [ ; our

the 11 ght SETEel Bohe DR 3 2 s8R ol SLAuLE ATHAmER 0" T
2f rot at es fonedit dibettortitadlyLEDs i n conbi nati on cause a desired |nage to be
visible by virtue of persistence of vision. The housings la to 1f have a

500 1 111 mbi9urE Toatu 8 sehetndlctionk dingre oL ha WEchPagbizataiasy Banee”

si zed sgchgkhghd EhfhRithenfost LEDs of the two lines of LEDs 3a to 3f and 4a
to 4f align with the corners of the square front face of housings la to 1f.
Hence, the total span of the blade assenbly is 848.5 mllinetres. These

di mensi ons Figiire bekows an@ssembisobsis gispiay mogutas, eaeh @ whigh lédd@mttqaé. ng
I t N
aPPl oL e o IR AR SRR SR s RNy o,

adver ti semnIThe biplecisseatbly raattelzﬁwnbtbetjbscnrwd)mrdeién labreUs briemeld to form
it. For exanple, a "sixsheet" advertjsenent would have six "sheets"

arranged i f3HE53 Sﬁbﬁ?fnl%fﬂnteq'lﬁ:éfc‘d'gQQW%P&B%GUI%@Y‘?f |I§h§§%tt'mg@é\9fj€!§e used
as an %t]?f(ﬂﬁbbx% &BU@teHr&gééér? Séd&gs%ﬁﬁ%'hepﬂﬁt%hm%q%?ﬂ% The
et ween I

slight differente in dinension imetres and t
| argely i rrmmmedlonfhﬂadé aSsémbbeleh t@ﬁbthmaymﬁorm@ respectve pmr:dﬁdmes of

di spl ay, blll_tEIZss 3ato %Fénéﬂg %?tvlvﬁlg w?tlé(r:shec % e cen re ofIth bﬁgclléagséehrﬁbly 2a
to 2f to form a cross. The blade assemblies 2a to 2f are rotatably mounted on their
respective housings 1a to 1f, and the intensity and/or colour of the light emitted by

15 the LEDs may be varied as the blade assemblies 2a to 2f rotates such that the
LEDs in combination cause a desired image to be visible by virtue of persistence

of vision.

The housings 1a to 1f have a square front face, of which the dimensions are
typically 600 millimetres by 600 millimetres. As can be seen from Figure 1, the

20 blade assembly 2a is sized such that the outermost LEDs of the two lines of LEDs
3a to 3f and 4a to 4f align with the corners of the square front face of housings 1a
to 1f. Hence, the total span of the blade assembly is 848.5 millimetres. These
dimensions have been selected as a suitable size for use in advertising
applications, where traditionally advertising posters or “sheets” were placed

25 together. Each “sheet” is two feet on each side, and the size of an advertisement
is specified in terms of the number of “sheets” used to form it. For example, a “six-
sheet” advertisement would have six “sheets” arranged in a 2x3 format.

The assembly of modules in Figure 1 can be used as an alternative to a traditional

“six-sheet” poster based advert. The slight difference in dimension between 600



di fference may becone nore noticeable. It mght therefore be preferable for
sone applications to have a nodul e size of exactly two feet by two feet or
in metricwedd1sd4bl i metres by 609.6 mllinetres. Each mouidB2oemnsodse pl aced
adj acent to other nodules so as to create an overall display configuration
of alnost arbitrary size and shape. To e up the display configuration,
each of the nodules is bolted to a franmework situated behi nd the nodul es,
thereby retaining the nodules in the correct positions with respect to each
ot her. Each nodule nmay be renoved fromits position in order to ease

servi ci ng, MalineiresepiGbegiaat isedaely imaiatedalifar tabtuemall mpptcations\eaehrms a

posi tion sygh [ I j 1k ' 1QHS be noved
in the di r§§{‘|s@$]etocﬁsgj‘$$‘éﬂvyt'&ﬁ]|s%b§§5§%%P?|§P%E@9§%%¢g§%%@s@§ymn housi ngs
1d and 1f. dfifeenesrmesl besuing emdrac@itieaiblepk nayhbtherefoye be prefdeable fdrasdme

di st ur bi ng@g% of the adjacent nodul es. Renoval sinply involves undoing the

retaining cationsPiNayeth@oRiLSIEe Oh exaety tvenierb bx WA dedl arHRMEliRg i t
fromthg a%?)@f@h{llim\@trfeelﬂy%@ﬁ%ﬁ’l otidg1pl y being the reverse of this. As is
eac

clearly seenin Figure 1, side of each housing has a recess. At each
recess the end of a respective synchronising shaft is exposed. Each of the
nmodul es shdachimodilgumay betdiecast adjecenritofatiner mpdulesso a3 tegcrehte as ovarad f our

synchroni sing,shafts and t he bl ade assermbly are all coupled tagether wthin
The housi g RE% SgulnPRonafa R AraRER Tes aliGtRse. TH LT HEERRY
causes al | coafigurayiBeheset 6f the rabadies i Polted & & frandwWistk SRUBtddRb iR thde

bl ade assenbly. By placing the nodul es adj acent to each other, the

synchr oni simedwesftheredly ratginiogine medules imhe aperast pagitions witb respegjdeent at

their po For exanpl e, a synchronising shaft 6d is exposed at
recess?gd %%ghtﬂrﬁ%r may be brought into engagenent with a correspondi ng

synchroni sing shaft 6e (which is invisible in Figure 1) in recess 5e. This
i s shown i fiEavbrrodeleanay be remgved fibm T positioplin ngddretbveese ddreicimgnahdani si ng
shafts within the housinﬁgs la to 1f will be " _

replacement module may be introduced into any vacant position such as is shown

in Figure 1 in which the housing 1e may be moved in the direction of arrow A so

as to fill the vacant space between housings 1d and 1f. The removal and

15 replacement operations may be made without disturbing any of the adjacent
modules. Removal simply involves undoing the retaining bolts securing the
module to the framework and withdrawing it from the assembly, with replacement

simply being the reverse of this.

As is clearly seen in Figure 1, each side of each housing has a recess. At each
20 recess the end of a respective synchronising shaft is exposed. Each of the
modules shown in Figure 1 therefore has four synchronising shafts. The four
synchronising shafts and the blade assembly are all coupled together within the
housing by a gear linkage such that rotation of the blade assembly causes all four
synchronising shafts to rotate at the same rate as the blade assembly.

25 By placing the modules adjacent to each other, the synchronising shafts of
adjacent modules may be brought into engagement at their exposed ends. For
example, a synchronising shaft 6d is exposed at recess 5d and this may be
brought into engagement with a corresponding synchronising shaft 6e (which is

invisible in Figure 1) in recess 5e. This is shown in more detail in Figure 2.



explained in nore detail later, but it should be clear fromthis

expl anation that this arrangenent of coupling synchronising shafts between
adj acent woaologs3@asures that the bl ade assenblies of alPCTidB200mE0M3eS
maki ng up a nodul e assenbly rotate at the sane rate and remain in alignnment
wi th each other. This in turn ensures th the i mage di splayed is as
required (i.e. that the overall inage is not distorted, which would occur

i f adjacent nodules ran at different speeds) and that the bl ade assenblies
2a to 2f of_ adjacent nodul es cannot crash into each other. It is inportant
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in imge quality he ends o roni sin d an e are keyed
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engagenent WHIEhWPHELGCGF siarenigaerugs Fi 2l sttt Shesdnbadt ratdne biad2
synchroni sijagesipfts 2286 2@6?’a@j%cgﬁb’m%u@s%n@%rkasﬁgﬁﬂd%cﬁ&ﬁeﬁpr' ng tension
so that the keyed portions lie entirely wthin recesses 5d and 5e (as shown

in Figures 1 and 2) to enable each nodule to be placed in position or

removed fr dhnisiitnopasi toirealise thad e drivingmeiweg fadihgduade assembkes Aa im 2f is

Each bl PPRddEE BY ARe BT g il <38k 1N 19 et S hade
power supplexpirstiater. Theayhchmhidieg tshaﬁ:s)@mly ehberethbetheattibdg assemdhiés

mai ns supply into suitable DC vol tag As al ready nentioned, each display
modul e has ayattg i retede dr sYRGremy 8p Pelp overcome any slight differences in speed

between adjacent blade assemblies 2a to 2f. However, should a motor fail the
adjacent motors can continue to drive the blade assembly normally driven by that
15  motor without a significant deterioration in image quality.

The ends of the synchronising shafts 6d and 6e are keyed as shown in Figure 2
such that rotation of one is transmitted to the other. The synchronising shafts 6d
and 6e are spring loaded to urge them into engagement with those of other
modules in a module assembly. The synchronising shafts 6d and 6e may be

20 drawn back against the spring tension so that the keyed portions lie entirely within
recesses 5d and 5e (as shown in Figures 1 and 2) to enable each module to be
placed in position or removed from its position without disturbing adjacent
modules in an assembly. The mechanism for achieving this is not shown in the

drawings.

25 Each module has a separate connection to mains power, with a switch-mode
power supply present in each module to convert the alternating current mains
supply into suitable DC voltages.

As already mentioned, each display module has its own respective motor 16d
which provides the motive force for driving the blade assemblies 2a to 2f. The
30 motors are typically stepper or brushless DC motors, and are caused to rotate at



whi ch provides the notive force for driving the bl ade assenblies 2a to 2f.
The notors are typically stepper or brushless DC notors, and are caused to
rot at e atwbeosreo4speed by energi sing the phases of thePoBiGB280%03089nchr ony
with a master clock signal supplied to each of the nodul es. Thus, the
notors all rotate at the sane speed, and,the synchronising shafts 6d, 6e
nerely operate to ensure positional synch oni sati on between adj acent

nodul es and to prevent any slight disparity in speed between adjacent

nodul es, which may occur during acceleration at initial power-up or
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the nodul e's address, which defines its relative position wthin the
assenbly, to be set. \Wen the address has been set, each display can then
extract andi@eegpta/isdwrigalineunriiee\feamn agesrepoal GOMRHEr 62r) mINMNG@Edigat a. | n
this : [ I I ' i ' .04 Whi ch
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I mage. Fi gwidec3osthons tybieaktyoieal frovg the tDigital tisieal dytectace tDYil ngprafeatdronmhi ch
is |ocated within each housing la to 1f. In particular, Fjgure 3 shows how
synchr oni sit%io&%f’l%o@ﬂapﬁ, to@jc%mﬁﬁl@dﬁ@%ﬁéﬁo'ﬁwgrif@@s‘ﬁ@@h%@@rmih%ear
10d, 11d, 1xfbi@sta to the correct size to fill the area swept out by the blade assemblies 2a
to 2f of each module in the module assembly. The central display controller PCB
15 then serialises the reformatted video data and supplies the serial data to each of

the display modules via a daisy-chain video link.

Each display module therefore receives the same serial video data from the
central display controller. The display modules are all provided with an array of
switches which allow the module’s address, which defines its relative position

20 within the assembly, to be set. When the address has been set, each display can
then extract and display only the relevant portion of the serial video data. In this
way, the display module assembly displays a composite image in which each
display module displays only its respective portion of the overall image.

Figure 3 shows the coupling between the synchronising shafts which is located
25 within each housing 1a to 1f. In particular, Figure 3 shows how synchronising
shafts 6d, 7d, 8d and 9d each have a respective bevel gear 10d, 11d, 12d and
13d on their inner end. Each of these bevel gears 10d, 11d, 12d and 13d meshes
with another bevel gear 14d such that rotation of any one synchronising shaft 6d,
7d, 8d or 9d causes rotation of the other three synchronising shafts. Bevel gear
30 14d is mounted on shaft 15d which at one end is connected to motor 16d and at



13d on their inner end. Each of these bevel gears 10d, 11d, 12d and 13d
nmeshes wi th anot her bevel gear 14d such that rotation of any one

synchr oniwonglghafss 6d, 7d, 8d or 9d causes rotation of PCH&EBIIMANSIL3Dr ee
synchroni sing shafts. Bevel gear 14d is nounted on shaft 15d which at one
end is connected to notor 16d and atthe her end is connected to bl ade
assenbly 2d. In this way, rotation of a synchroni sing shaft 6d, 7d, 8d,
9d will cause rotation of the other three synchronising shafts and the

bl ade assenbly 2d. Furthernore, notor 16d nay be driven to cause rotation
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respeci to. d ) ILes a d the bl ade assenbly 2b is offset
by 45 th"ﬁ)hﬁepg\é%ahs[tog?@gﬁgnéﬁgeﬁgp%@g1§§; 2c and 2e. To achieve this
of fset, the bl ade assenbly 2d of a nodule nust be rotated w thout rotating
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still remain in alignnent with those of adjacent nodul es. Therefore,
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15 the blade assembly of any one module is offset rotationally by 45° with respect to
the blade assemblies of all adjacent modules. For example, the blade assembly
2d is offset by 45° with respect to blade assemblies 2a and 2e, and the blade
assembly 2b is offset by 45° with respect to blade assemblies 2a, 2c and 2e.

To achieve this offset, the blade assembly 2d of a module must be rotated without

20 rotating the associated synchronising shafts so that the synchronising shafts will
still remain in alignment with those of adjacent modules. Therefore, a clutch
mechanism (not shown) is provided which can be actuated to decouple the blade
assembly 2d from shaft 15d. With the clutch actuated the blade assembly can be
rotated to its desired position and the clutch can then be released to engage the

25 Dblade assembly 2d with shaft 15d again. The clutch mechanism is typically
arranged so that it can be released only when the blade assembly is suitably
positioned (i.e. either at 0°or 45° offset).

This offsetting is necessary to ensure that all of the blade assemblies 2a to 2f can
rotate simultaneously without collision. As can be seen from the arrows

30 superimposed in Figure 5 the blade assembly of each module rotates in an



bl ade assenbly 2d with shaft 15d again. The clutch nechanismis typically
arranged so that it can be rel eased only when the bl ade assenbly is

sui t abl y wosptovased (i.e. either at Qor 45 offset). Thi PCOIGBRREANGSOLFII S
necessary to ensure that all of the bl ade assenblies 2a to 2f can rotate
si mul t aneously w thout collision. As caR%Pe seen fromthe arrows
superinposed in Figure 5 the bl ade asse y of each nodule rotates in
anopposite direction to those of the adjacent nodul es. Figure 6 shows a
detailed view of part of blade assenmbly 2d. As can be seen, this is nade
from a net &PPEsYPAEarian Q) theseaofeadiarems MPAwesal | oy) or plastic extrusion
17 . A printed circuit board (PCB) 18 is mounted in the extrusion 17 by
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This ensures that the total surfac the front face of housing 1d

swept over pogitiohedyl moentifig EMesvs4d (and of course the line 3d) as the bI ade
assenbly 2d rotates. Figure 7 shows a close up view of the centre of bl ade

five pcbs. TSUCBr ALY oxbusiBs 17300 Ravd dfbngct¥e dollfo BROERT A e2i n the
extrusi on, aaddha aeetdfalEDSBoringbdiehd of AingWdiolhest on PGE 1Blrads
assenbly 2d at the intersection of the four PCBs 18, 23, 24 and 25. This

contral PCHORN 6 Gast el BCBriuntD F1ede0IDiee aibsuet gie oaBemagt kg 4d
pens 230 ang Joe 4R VR eSR s G R F g e R sBin e 2 Wiy

are positi d’rh&deawrbbahatttheyot\ai blirface ef thedeontifade bhl@odsﬁﬁ@ﬁns BWBpt derand 24
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[ nes 3d- e fae PELEDEd ot gy irsmie e i adiods seromphotd reiptases.
Figure 7 shows a close up view of the centre of blade assembly 2d. In this view, it
can be seen that the blade assembly 2d houses five PCBs, four of which (18, 23,
15 24 and 25) are housed in channels in the extrusion, and a central PCB 26 which is
screw-mounted on the blade assembly 2d at the intersection of the four PCBs 18,
23, 24 and 25. This central PCB 26 is required to ensure that the two lines of
LEDs 3d and 4d carry on right through the centre, crossing at centre point 27.

The LEDs on PCBs 23 and 25 and the LEDs on central PCB 26 which form part of
20 line 3d are positioned so that they will interlace with the LEDs on PCBs 18 and 24
and the LEDs on central PCB 26 which form part of line 4d. Thus, the two lines 3d

and 4d form interlacing lines as the blade assembly 2d rotates.

Figure 8 shows a second type of module in which the synchronisation of the
rotation of the blade assemblies is carried out electronically rather than by a
25 mechanical linkage as in the module shown in Figures 1 to 7.

In Figure 8, there is shown a frame 300 on which is rotatably mounted a blade
assembly 301 and a peripheral ring gear 302. As with the embodiment shown in
Figures 1 to 7, the blade assembly comprises four PCBs 303a to 303d arranged
as in the blades of a fan and a centre PCB 303e. A first line of tricolour LEDs



Figure 8 shows a second type of nodule in which the synchronisation of the
rotation of the bl ade assenblies is carried out electronically rather than
by a nechaioizomloiBisekage as in the nodul e shown in Fi gur @6TAGE2009/05093P N
Figure 8, there is shown a franme 300 on which is rotatably nounted a bl ade
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rotor 305 carries a set of permanent magnets 308. By energising the field
w ndings 307 with appropriate currents, the rotor 305 can be caused to
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PCB 303e. Hpg QpfitSALidWiRBREsId0 and the rotor 305 carries a set of permanent

magnets 308. By energising the field windings 307 with appropriate currents, the
15  rotor 305 can be caused to rotate around the shaft 306.

Power is typically coupled from the stationary part of the module to the rotating
parts (i.e. the LEDs etc.) by slip rings (not shown).

As the motor rotates, high speed image data is received by an optical transmitter
mounted on a communications PCB from a remote video interface PCB via a

20 coaxial cable. The optical transmitter is in optical communication with an optical
receiver mounted on the underside of centre PCB 303e. The optical transmitter
and receiver are aligned with the central axis of the hollow shaft 306 so that image
data can be conveyed to the centre PCB 303e. The centre PCB 303e then
modulates the intensity and/or wavelength of light emitted by each of the LEDs on

25 the centre PCB 303e as well as PCBs 303a to 303d as the rotor rotates.

Figure 10 shows the rotor 305 in isolation. The rotor 305 comprises a circular ring
of castellations 309. The ring of castellations 309 runs between an optical
transmitter and receiver (not shown) mounted on a control PCB on the stator 304.
As the rotor 305 rotates relative to the stator 304, each castellation passes

30 between the transmitter and receiver in turn and obscures a beam of light



and receiver are aligned with the central axis of the hollow shaft 306 so
that i mage data can be conveyed to the centre PCB 303e. The centre PCB 303e
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the LEDs on the centre PCB 303e as wel|l as PCBs 303a to 303d as the rotor
rotates. Figure 10 shows the rotor 305 in,isolation. The rotor 305
conprises a circular ring of castellati 309. The ring of castellations
309 runs between an optical transmtter and receiver (not shown) nounted on
a control PCB on the stator 304. As the rotor 305 rotates relative to the
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synchronlsatlon is performed agalnst either the rising or the falling edges in the
15  pulse train to ensure accuracy as it is unlikely that there will be a consistent
mark:space ratio between pulse trains produced by different modules or even
within the pulse train produced by one module.

The number of castellations in the circular ring 309 is chosen to be an odd
multiple of the number of teeth in the ring gear 302 (discussed below). A typical

20 example is three time the number of teeth in the ring gear 302 or 168
castellations. This is a sufficient number of castellations to allow accurate control
of the speed and offset from the absolute synchronisation point. It is also divisible
by 3,4,6,7,8,12,14, 21, 24, 42 and 56 so that the number of castellations can
be easily mapped on to the number of poles of the motor to simplify the motor

25  controller design.

The absolute synchronisation point is provided by omitting one of the castellations
in the circular ring 309. This “missing castellation” is still counted as one of the
168 castellations mentioned above. It causes a long space (or long mark, if

appropriately configured) region to appear in the pulse train.

30  Circuitry on the control PCB compares the pulse train from the receiver with the



exanple is three tine the nunber of teeth in the ring gear 302 or 168
castellations. This is a sufficient nunber of castellations to allow
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that the nunber of castellations can be ﬁgsily mapped on to the nunber of
poles of the notor to sinplify the notor“tontroller design. The absol ute
synchroni sation point is provided by omtting one of the castellations in
the circular ring 309. This "nissing.castellation" is still counted as one
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of display ul es, all, rot n_synchron h the ster clock and
t her ef or e &Fm?( dztpgr%{prqﬂ r@g ai‘s%gesgrré%gg%%c;]a&eﬁgp e master clock
signal also has a "m ssing pulse" every 168 pulses. This is used to ensure
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t he I ong space in the pulse train fromthe receiver is nchroni sed with
the "nmissi rﬁ@eﬁEUE%DOSIWFtaépﬁée'i silopronisafinrvel therdispige sn by epsunn@thatn t he

pul se 1521 {4l g8 AARS BB AR 1P DI BFLOL RHIRCER AN occur s

with th m $si Iowano i ohal"position to be

achl eved. Tmun@pulaeemltmalwe@s Eammber chedgss haybe elunted irthdi pdlse ent
of fsets, but at the same speed. Each of the npdules is provi ded with a set

of two swi t@iafteniectpacs ragion. bWhiFERQiIRysYNehrerEsaliPeCcUrh #ithdbsi t i onal
of fset fromdidig, fBSREUISaRMSA'HREE A foPtional position to be achieved. Thus,

adjacent modules can be caused to rotate with different offsets, but at the same
15  speed.

Each of the modules is provided with a set of two switches, which is used to
identify to the module what positional offset from the absolute synchronisation
point it should adopt as it rotates and which direction it should rotate in. The
switches may be simple mechanical switches or jumpers. Alternatively, a memory
20 device may be programmed to identify the offset that should be adopted. There
are four possible variations, which are set out in the table below. The four
variations are used to set the offsets for display modules in groups of four
modules arranged in a square configuration. Blocks of four modules can then be
placed adjacent each other and having the same configuration as the adjacent
25 block of four modules. Of course, fewer than four modules may be placed in a
block if a desired assembly cannot be made from a multiple of four modules; the
missing modules are simply not configured. This allows any size and shape of

display assembly to be created.
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Figure 11 shows the stator 304 in isolation. This has integral interlocking

elements, which enable a plurality of modules to be built up into a display

assembly as shown in Figure 12.The interlocking elements comprise a first pair of

male members 310a and 310b on a first corner of the stator 304 and a second

pair of male members 311a and 311b on a second diagonally opposed corner of

the stator 304. There is also a first pair of female members 312a and 312b on a

third corner of the stator 304 and a second pair of female members 313a and

313b on a fourth diagonally opposed corner of the stator 304.

The male member 310a on a first module can be engaged with female member

312a on a second module, and male member 310b can be engaged with female

member 313a on a third module. Similarly, female member 312b may be engaged

with male member 311a on the third module, and female member 313b may be

engaged with male member 311b on the second module. By connecting multiple

modules in this manner a composite array of display modules can be constructed

as shown in Figure 12. The interlocking elements 310a, 310b, 311a, 311b, 312a,

312b, 313a and 313b of each of the modules ensures that the correct registration

and relative orientation of the modules in the assembly is maintained. The

modules are fixed in place by securing them to a framework with a bolt passed
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3 12b, 3 13a and 3 13b of each of the nodul es ensures that the correct
registration and relative orientation of the nodules in the assenbly is
mai nt ai newlo 20tv1sadul es are fixed in place by securing PhEMGR200%05693amewor k
with a bolt passedthrough the central holes in the male nenbers 3 10a, 3
1, 3 1l1la and 3 11b. By providing eachaﬂgﬁule in the assenbly with
appropriate i nage data, the nodul es as ole may be caused to display a
conposite i mage, each nodul e di splaying a respective portion of the
conposite i mage. When an assenbly is constructed, the teeth of the ring

gears 302 éhrogéghéb@ﬁenﬁﬁbhm@% in theenalegneaiters PAdas 3K Jidweandd dbtaval

i nvolute tooth profile with a small anmpbunt of material renpbved around the

shole Loty Joufed b5 guoiee A0Sy AobEmp R agptes a0 |

synchrony, e gear adj acent rimg gea e contact.
Thi s resul nsodule$ aserwholeseapbd daesee td digptayp@vempogite ahage, eddremodolg gear s
302 are proyi (iied to ensure that th? PCBs 303a to 303d of a first nodul e do
not col | i d&ISHIRHNG RIEEPBEFLIVEIFLERR O HSUEPBROFIP MRO%vent that a faul t

devel ops on the first nodul e which causes it to rotate asynchronously wth

the ad] gcenynamdn!RsenBpistopRttidrtd am ehtHEdngaus@ 3dY 6 Agabait ure of
a notor. In this event, the ring gear 302 of the first nodule wll nake

cont act wi thoduies intergligjiede sTradieedh have aawjrenad volwie doets, prafilé wileasimall gear s

modul e, 1 ner g b BrtlVep 0bfinie ol BoREtiud, gpfhdhE Fabtiads of.e
first nodulagjadent nisdilédae fiupnieeihalydchfnyl tHehgedratabth begtjacdntorguided. The
ring gears 302 are al so used to prevent collisions during accel eration and

decel er at i 32510 RRlMAKE 6PBtasH THe reridislie ower nRiS@ 95€ MENEE dRWEHOWEN t i al

) i . )
BonT o 18 aUpeRA, THEMhRES B0t pHBRBH T hafile HBPHHE bRHSII Bk o
angul ar di spladrenmotuleedorecalliieawhthoiepl agjacetturhedulebduthe &venthiosten t o
maxi m se the m ni num di st ances the PCBs 303a to 303d of

bet ween adj acent
and di agondPllOPYEIPEY8Edae At Aneule WhistGauses ihip Tavale asynchronously with

the adjacent modules. One type of fault which may cause this is failure of a motor.
In this event, the ring gear 302 of the first module will make contact with the ring
15 gears 302 of the adjacent modules, and the ring gears 302 of the adjacent module
will drive the ring gear 302 of the first module, thereby ensuring that the fault is not
catastrophic. Indeed, the first module will continue to operate as if the fault had

not occurred.

The ring gears 302 are also used to prevent collisions during acceleration and
20 deceleration of the motors of the modules in an assembly during initial power-up

and power-down operations.

The number of teeth in the ring gears 302 is chosen with two main criteria in mind.
Firstly, the offset in angular displacement between adjacent display modules
should be chosen to maximise the minimum distances between the PCBs 303a to
25 303d of adjacent and diagonally juxtaposed modules. We have found that an
offset of odd multiples of 22.5° is optimal; an offset of even multiples of 22.5° (i.e.
45°) causes the PCBs 303a to 303d on diagonally juxtaposed modules to pass
with only a tiny separation so that any slight misalignment could result in a
collision. Secondly, the teeth need to be sufficiently robust to withstand becoming
30 enmeshed if a motor in a module should fail.



of fset of odd nultiples of 22.5 is optimal; an offset of even multiples of
22.5 (i.e. 45) causes the PCBs 303a to 303d on diagonally juxtaposed

nodul es twopas1si4bh only a tiny separation so that anyP€TiGRwOMISeEbi gnment
could result in a collision. Secondly, the teeth need to be sufficiently
robust to w thstand becom ng enneshed if notor in a nodule should fail.To
provide the offset of odd nmultiples of 2%.5, t he nunber of teeth nust be
equal to " + 8 , where nis a non-negative integer. In practice, we have
found that 56 teeth is a suitable nunber to satisfy both criteria. If a
faul t shoull® Rrevisiedpe cdlsehoheddimultirlgs PE2Z &1 Aedtmberi ofitaatl myst béequals due
to the shape the interlocking elenents 3 10a, 3 10b, 3 11a, 3 11b, 3

12a, 3 12bjo a-+8navhgrd dlis whahnadative integeroidudrastidey iehale tbunavtaatiby and
outwardly relZtive to the adjacent nodul es and perpendicularly to the plane

of rotatio : : ' ows a nodul e in which each of
t he PCBs 38%§[Rtlg%%t§8%gr\]/lﬁerﬂng%d?agﬁg\ggétﬁnﬁ?'ﬁy to all ow the nodule to be
wi t hdrawn without interfering with the adjacent nodul es. Each PCB 303a to

303d i s r ot &nlllyshouchtledelop, eactespecte maydd dpladeanndivild@2ly. This 320de td\hen
each of _the PCBs 303a to, 303d is aligne ith jts res tive guide channel
5508 109300 (RGPS RENS MIETRRERGEIB e g (s 1553116, BERy 3/ 2eudteh S5t
respective ri fiak ko hRtBqti ' '
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Che posi 11 oot RsTRE 1 A Sty e Mostie’ B §nRE BaRa1onE Pt 308 BT S0odhAle he
el ect roni ¢ pyeiehGoidedMnivBrdi e HilGR Y noeidlE ® 198 witheree AoenBesHareiat wih
Figures 8 to 13 . The di agram shows both the rotating section of the

di spl a§Onode edgeeph@osutes. ach IRCRZIRado 303 inrrfataRty Broanied geétion on the
o e o CegBlastte AR thAlg 020 08 AHeh SASLIRe POBE b3 8 TR
pul ses and atigd€d withtits rk2paotpey guidewaanseiBi0a foad20d (as shown in Figure 8), the
PCB 303a to 303d is urged by a respective spring (not shown) to fall into the
respective guide channel 320a to 320d where the sides of the guide channel 320a
15 to 320d hold the PCB 303a to 303d in the correct position. The PCBs 303a and
303d can be pulled out of the guide channels 320a to 320d against the springs

and rotated to the positions shown in Figure 13.

Figure 19 shows a block diagram of the electronic circuitry in the display module
of the second embodiment of Figures 8 to 13. The diagram shows both the

20 rotating section of the display module on one side of the dashed line and the static
section on the other side of the dashed line.

In the static section, there is a motor control PCB 400. This receives the master
clock signal synchronisation pulses and a 48 volt, 12 ampere power supply for
driving the motor and display circuitry (including the LEDs). The motor control

25 PCB energises the field windings 307 of motor 401. The motor 401 comprises
stator 304, which carries the field windings 307, and rotor 305, which carries a set
of permanent magnets 308 as already explained above. As the motor rotates the
ring of castellations 309 on rotor 305 runs between the optical transmitter and
receiver, as discussed above. The optical transmitter and receiver together form

30 an optical sensor 402. The pulse train generated by the sensor 402 is supplied to



driving the notor and display circuitry (including the LEDs). The notor
control PCB energises the field wi ndings 307 of notor 401 . The notor 401
conpri seswetatoom3®@4, which carries the field w ndings BOT/GERna/osee3or 305,
which carries a set of permanent magnets 308 as al ready expl ai ned above. As
the notor rotates the ring of castellatigns 309 on rotor 305 runs between
the optical transmtter and receiver, as~di scussed above. The opti cal
transmtter and receiver together forman optical sensor 402. The pul se
train generated by the sensor 402 is supplied tonotor control PCB 400 so

that the speelar apetreifGBHAGKSq heathespesd and offeintaptatisnunfahe isnizy
mai nt ai ned  Aiq e shheit al SR M BksheeIhREK AR FilapatREofBbEr Control PCB
400 al so suppl1 és power via SIip rings to a rotating power supply unit
(PSU) 404. This carries set of voltage regulators to supply the PCBs 303a
to 303d and heembicr dB6BoBRGE 400 hlsodupaties poweb viaddlipsings. 403/t & sotatidg 3. 3

volts. Centre PCB 303e also.r ives a vide ignal (labelled "Vi I N* on
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LEDs ons PCRec303834 % %@?&' aaacte%%twés%@%e%@m@@avgéseaf 5 0418, 9.5 THfs ﬁhép' ay
nodul e 1s configured before comm ssioning to know its position wthin an

array so ti3a3 volts.can extract the relevant portion of the inage data
conveyed by the video signal. Thus, the display assenbly as a whol e shows a
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sensor conprii sitn% an optical transmtter and receiver is nmounted on the
a

rotor 305. RSaitass03d st cenitaaPed Baas dgyaiotrteell Basifrlanmodstets 304
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known, the centre PCB 303e can cal culate the position of the PCBs 303a to
303d and ittg%p}sp PSSRy ege& wgppeﬂ}owsacomp%sﬁe image defined by each of

these portions. The same video signal is supplied to all the display modules within

an assembly (either in parallel or by daisy chaining the signal from one display to
15  the other).

An optical sensor comprising an optical transmitter and receiver is mounted on the
rotor 305. As the sensor rotates an associated element on stator 304 interrupts
the beam of light between the optical transmitter and receiver and causes a pulse
to be generated. The centre PCB 303e uses this pulse to determine when each

20 revolution starts. Since the speed of rotation is known, the centre PCB 303e can
calculate the position of the PCBs 303a to 303d and itself and cause the correct
signals to be sent to the LEDs so that the correct pixels of the image are
displayed.

Centre PCB 303e is also provided with a transmitter and receiver for handling

25 serial diagnostic data. This can be used by centre PCB 303e for providing
diagnostic information to a remote controller. This information can be useful for
fault condition and environmental monitoring. It is a bidirectional serial link and
can be used for the uploading of new firmware of filed programmable gate array
(FPGA) images to the centre PCB 303e.



signals to be sent to the LEDs so that the correct pixels of the inmage are
di spl ayed. Centre PCB 303e is also provided with a transmtter and receiver
for handlwogordrns@b di agnostic data. This can be used byCrar20@®/MBCB9303e
for providing diagnostic information to a renote controller. This

I nformati on can be useful for fault cong%éi on and environnental nonitoring.
It is a bidirectional serial link and c be used for the uploading of new
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for carrying out the first of these techniques is shown in Figure 14.
Fi gure 14, firsideaing piragchinical enadification te tbasisplayympdutascer the fisstiansh by a

to a ailpl ayopesenBlodiorfi it Pen thoteet™ BE SeonloivalRoetdetrtficnes”
104. On eagéctfiqirs rﬂ@@piﬁg%daétd@ﬁbﬁhé%rr%'ybdﬁilnEDsr@wﬁtﬁdtﬂtfeiﬂwg'd iary PCB
105 and 106 respectively. PCBs 102 and 103 each carry a respective array of

LEDs 107a &efeldigd appaars ledassiarefryeriepgurnssdaauited carry correspondi ng
arrays 107b and 108b. The arrays 107b and 108b appear to extend the arrays

107a and 1Q8gisplay device for carrying out the first of these techniques is shown in Figure

14. In Figure 14, the display device 100 has a shaft 101 which is driven by a

15  motor (not shown) or other source of drive power. The shaft 101 is coupled to a
display PCB assembly comprising PCBs 102 and 103 and a central PCB 104. On
each of PCBs 102 and 103 there is slidably mounted an auxiliary PCB 105 and
106 respectively. PCBs 102 and 103 each carry a respective array of LEDs 107a
and 108a, and the auxiliary PCBs 105 and 106 carry corresponding arrays 107b

20 and 108b. The arrays 107b and 108b appear to extend the arrays 107a and 108a.
As the PCBs 102 and 103 rotate on shaft 101 the auxiliary PCBs 105 and 106
may be extended and retracted as appropriate in order to cause a square image
to be generated. Even though the LEDs in arrays 107a and 108a describe a
circular path, by adjusting the profile of extension and retraction of auxiliary PCBs

25 105 and 106, an overall square image may be generated.

One way of controlling the extension and retraction of auxiliary PCBs 105 and 106
is shown in Figure 15. A cam 109 acts on cam followers 110 and 111 as the
auxiliary PCBs 105 and 106 rotate on shaft 101. In Figure 15, the PCBs 102 and
103 and auxiliary PCBs 105 and 106 are shown in four positions labelled I, II, Il
30 and IV respectively. In position I, the auxiliary PCBs 105 and 106 are retracted
fully, thereby lying underneath PCBs 102 and 103. In position Il, the cam profile



As the PCBs 102 and 103 rotate on shaft 10 1 the auxiliary PCBs 105 and 106
may be extended and retracted as appropriate in order to cause a square

i mage to we 2gevas@bed. Even though the LEDs in arrays 10Ca/GB2d091068%9
describe a circular path, by adjusting the profile of extension and
retraction of auxiliary PCBs 105 and 106,,an overall square inmage nmay be
generated. One way of controlling the ex:'?Qensi on and retraction of auxiliary
PCBs 105 and 106 is shown in Figure 15 . A cam 109 acts on cam foll owers
110 and 111 as the auxiliary PCBs 105 and 106 rotate on shaft 10 1. In
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PCBs 105 and 106 th%r ef o];.le retraq@ automatically when not forced into the
ext ended p&SPHRGPERRNIGH G T8P- cam 109. By causing the auxiliary PCBs
105 and 106 to extend and retract in this manner it can be seen that whil st

the outer causiyg B RGtrark FOR 04 @df 1@ BVeaekd BAY Iréfradtah his danridist
outernost LEDs on auxiliary PCBs 105 and 106 foll ow an approxi mately square
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Figures 16a and 16b show the PCBs 102 and 103 and auxiliary PCBs 105 and
15 106 from above in different positions as they rotate. Figure 10a shows positions

corresponding to position Il on Figure 15 in which the auxiliary PCBs 105 and 106

are fully extended in order to cause the image generator to be square, whilst

Figure 10b shows the auxiliary PCBs 105 and 106 in a fully retracted position

(corresponding to positions | and Ill of Figure 15) in which the auxiliary PCBs 105
20 and 106 are fully hidden behind PCBs 102 and 103 respectively.

Instead of making use of cam 109, the auxiliary PCBs 105 and 106 may be
extended and retracted using a motor (not shown) which drives a pair of lead
screws or ball screws (not shown) disposed in diametrical opposition underneath
PCBs 102 and 103. The nuts on the lead screws, or ball cages on the ball screws,
25 are coupled to the auxiliary PCBs 105 and 106 so that the radial displacement of
the auxiliary PCBs 105 and 106 can be varied. A controller monitors the angular
displacement of the auxiliary PCBs 105 and 106 as they rotate and provides the
motor with suitable signals to drive the lead screws or ball screws so that the
outermost LEDs on auxiliary PCBs 105 and 106 follow the desired profile of path
30  113.



Figure Qb shows the auxiliary PCBs 105 and 106 in a fully retracted
position (corresponding to positions I and Ill of Figure 15) in which the
auxi | i arywBeBa/ad@6and 106 are fully hidden behi nd PCBsPCOZ BN/ (E0B9
respectively. Instead of nmaking use of cam 109, the auxiliary PCBs 105 and
106 may be extended and retracted using @ notor (not shown) which drives a
pair of |lead screws or ball screws (not %omn) di sposed in dianetrica
opposi tion underneath PCBs 102 and 103. The nuts on the | ead screws, or
ball cages on the ball screws, are coupled to the auxiliary PCBs 105 and
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pese 105 P GON G2 eRey Py ERiBeh ARkl B R AR R Horf s tne =¥

si gnal s tocontrekert Maelmeatthodarikbe deschibbd wiltr eference tdahlytdre oftherdigsidy LEDs
on auxiliary PCBs 105 and 106 follow the desired profile of path 113. The
met hod of Wee shewh de higuiad Pyt ERBAHIC be FPRigCEted thatihe samepgthod is

typi cal ky [ S il GHA - [AaToX ' it C rised
W Ehi n Phe Rea et o e AR kB o, AR p SO "B
one of the iglalsplaiyconstudpdicabeno the disglay enaduldriof the ssicont @énftzodapenéeci at ed
that the sane nethod is used on each of the display nodul es making up a

di spl I Ly, .and i.5 @l f plicahle to the displ
mdl ot of PRaneLRBtsbaeRand o meieffg T paRfon of Mif s Ra gty ¥
noni t or i ng Zahanaasérefara thé pobRrioR! dldiee EEE%nF@Frﬁir%aine%n:Sb hheugf ore the
position of the LEDs formng lines 3a and 4a. An i mge boundary is

predefined to correspond to the shape and size of the front face of housing
la . |n stép prage beyndaspispresefinad & seaeseendio theshapgandsize eb estiorind 4a

with this i i eyl ated . The i to
Fetch 1 omg g gty rstlatH, e Boin” 8B b AR Stk MBS B FEPRSa o
LEDs in |i me&d3ea witd tHia imagetepndBa, isfeafculdtede LEDs in |ine 3a and 4a which
fall within the inmage boundary the intensity 30 and/or colour of the |ight
em tted by 'Ilhréoc:soentrlblﬁgl§ thlesh ;grr?)gglegst Fodfeltcr:}w image data values for each virtual pixel

which corresponds to the LEDs in line 3a and 4a in step 202.

For those LEDs in line 3a and 4a which fall within the image boundary the

15  intensity 30 and/or colour of the light emitted by those LEDs is modulated in
accordance with the image data values so as to display the portion of the desired
image corresponding to the particular display module. This occurs in step 203.

However, for LEDs in lines 3a and 4a falling outside the image boundary the
intensity of the illumination of the LEDs in line 3a and 4a is modified by multiplying
20 the data values by zero such that no light is emitted by these LEDs. This occurs in
step 204. This ensures that the size and shape of the image generated by the
display module overlays the front face of display module 1a exactly and the
display module does not generate any portion of the desired image where the

blade assembly 2a overlaps other adjacent display modules.

25 Figure 18 shows a variant of this technique. The variant is identical from steps
200 to 203. However, step 204 is replaced by a new step 205 in which the LEDs
in lines 3a and 4a falling outside the image boundary are gradually dimmed
depending on the distance of the particular LED from the image boundary such

that at the ends of lines 3a and 4a, the intensity of illumination is zero. This has



accordance wth the inmage data values so as to display the portion of the
desired i mage corresponding to the particular display nodule. This occurs
in step 296.20t4omsoser, for LEDs in lines 3a and 4a falli mgTaB2869ds043be i mage
boundary the intensity of the illumnation of the LEDs in line 3a and 4a is
nodi fied by nmultiplying the data val ues zero such that no light is
emtted by these LEDs. This occurs in st 204. This ensures that the size
and shape of the inmage generated by the display nodul e overlays the front
face of display nodule la exactly and the display nodul e does not generate
any porti ofh®geifeelcofdqagigingithenpeiéonn of the inagasIeatesisuntyg adiacenidisplpys ot her
adj acent di - i pant of this technique. The
vari ant is"? eeﬁ%/elgg:@f%rggen;[@tggégf%ge'?@ﬂgggs q\%\‘j{g er, step 204 is replaced
by a new step 205 in which the LEDs in lines 3a and 4a falling outside the
i mage boundameynotres vgriadi)dhé i EDisnmitidesl Speardi 4w fadling betsdiesthancagefbdumeary
particular LED fromthe jnage boundary such that at the ends of |jnes 3a
PRd aa ¢ haTTRbRAGNED SBrhT PEHARRACHES S brgtiaesmatie. derdsbles

mer gi ngst he); | [ iad] il jdh the
Feat on ahor e e D LB e B IR oS e
in lines 3apaeadr dgbthealdrimal boghkiede. t he i nage boundary may be driven so that
t hey display pixels at half brightness. Thus, the visible pixels resulting
fromthe overlap of the bl ade assenblies 2a of adjacent displays appear at
the normal brightness. CLAIM5S 1. A display nodul e conprising at | east one

| i ght source novabl e along a predeterm ned path and a controller adapted to
nodul ate the intensity of light emitted by the at | east one |light source as
it noves along the predetermined path so as to cause a desired inmage to be
visible by virtue of persistence of vision, characterised in that the

di splay nodul e further conprises a drive systemfor causing the at | east
one light source to nove along the predeterm ned path and a coupling system
adapted to ensure that the drive system causes the at |east one |ight
source to nove, in use, along the predeterm ned path in synchrony wth the



| i ght sources on one or nore adjacent display nodules. 2. A display nodule
according to claiml1l, wherein the at | east one |ight source conprises an
array of woghto/msusces rotatable around a commobn axi s, wPrh&/dB2givosemsar ces in
the array being arranged such that each traverses along a uni que path
around the common axis, and the controll&i is adapted to nodul ate the
intensity of light emtted by each lightYsSource in the array as it
traverses its respective unique path such that the |light sources in

conbi nati on cause a desired inmage to be visible by virtue of persistence of
vision. 3. A display nodule according to claim1, wherein the at |east one
| i ght source conprises two or nore ar eyAIM® |ight sources, each array
bei ng rotatabl e around a conmon axis, the |ight sources in each array being

arranged such &; I ol common
axi s, and ﬁhz\ %lgﬁlt%ygﬁ?@rlé_c? o@gt&"eﬁﬂ lteggtrrgndé]uwarﬂé%tuﬁgé ﬁ??é?\%?ﬁ@? | i ght
enm tted by peeddtetmigied patiiiacd aasonttoler adepteeistoi rnedulatpthet intemsitpofjlightpat h

such that the |light sources in c i nati on cause desired image to b
visibl e by meEvons BLletoandaRbrodRer: TRves AnceayerRtnshrdhi ng
to clai ; 3.soMietorddlstedasiFay mnddd /) e HMIE By WLCONPERistarice bvisigAchr ony.
5. A display nodul e according to claim3 or 4, conprising four arrays of

| i ght sour cbsracteigadi istthat the dispipy seetiule turtiertideenesuhdave syssem far di spl ay

dul di; | ai v WD ' h t . d t h
gt “sour 2000 thE e e gl TBurroideRia e 8nb e PR BB Tha B i o
to any of tchapmigsesientaddRbdto enbgieethat theedrilevdyaterhWauRes ti® BPIchSesn&
central arraztsof |1 ght sources disposed radially inwardly fromthe first

array wit hligPEsQWRE @ mave; ieusermaieng e eredgterminenl ppthaip sypeOrnYWEbHE ng t o
f 6l ai; ' deyi i Hal | ef f ect
consor SoniBRSdBed ot 6 ot S ARhCRop L Ba I EQTP L P o e adapt ed 1o

sense the passage of a nagnet nounted on one of or each of the arrays.
2. A display module according to claim 1, wherein the at least one light source

comprises an array of light sources rotatable around a common axis, the light
sources in the array being arranged such that each traverses along a unique path
around the common axis, and the controller is adapted to modulate the intensity of

15  light emitted by each light source in the array as it traverses its respective unique
path such that the light sources in combination cause a desired image to be
visible by virtue of persistence of vision.

3. A display module according to claim 1, wherein the at least one light source
comprises two or more arrays of light sources, each array being rotatable around
20 acommon axis, the light sources in each array being arranged such that each
traverses along a unique path around the common axis, and the controller is
adapted to modulate the intensity of light emitted by each light source as it
traverses its respective unique path such that the light sources in combination

cause a desired image to be visible by virtue of persistence of vision.

25 4. Adisplay module according to claim 3, wherein the arrays rotate around the

common axis in synchrony.

5. A display module according to claim 3 or 4, comprising four arrays of light
sources, equidistantly disposed around the common axis.



9 . A display nodul e according to any of the preceding clains, wherein the
| i ght sources are |light emtting diodes (LEDs). 10. A display nodul e
accor di ngvoaooladmm9, wherein the LEDs are tricol our LEPST/GER009ANSMM3SPl ay
nodul e according to any of the preceding clains, wherein the drive system
conprises a plurality of synchronising s:%;lfts coupl ed together and to the
at |l east one |ight source such that rotation of any one synchronising shaft
causes the others to rotate and the at |east one |ight source to nove al ong
the predeterm ned path and the coupling system conprises a coupling on each
synchr oni sifnd\ difaley Moghde asgorsting tasgny: Aledhs Sitad, smereindha nethsbaysread in
use, to a KR Si J i splay nodul e, thereby

ensuri ng t%ﬁﬁgﬂl@m ?%Lﬂ'?eggﬁ%%%rgfagrﬁg)gg%#]rﬂ%%%qog nove in synchrony. 12 . A

di spl ay nodul e according to claim 11, wherein the synchronising shafts are
coupl ed t ogetthdisplagcnodule lrecatding tsanyokthe mktediogratamsy whegeiarthe dekisge. 13

. A display nodul e according to clai , _Wherejn the ar |.inkage
conpr i ses. SRR CATIRySaSra BRVER! a5 & Mbh ERUGESAITRIPCS SHRNBAE BAB end
of 2 T 58Deh e 808, i R oBhE Shith BhrRURSREONT S ng shafts and i s meshed

Wi th anot her beve ear coupled to the at |east one |light source. 14 . A
di spl ay nodul e according to any of clains 11 to 13, wherein the at |east
one |ight $odrdieplay reedipe egcorgingito pnyiphelaings dfto gy miiereinitee Wgvicedtrtberi a a

mmy move s BHDTIHS PrehErErHiae Salh PR o bR s Tah s TG ARl of 't he
plurality okiryagdteditsisegss if passalfe of drdighet moumBstbE oAeediodieaghiod cl ai m
14, wherein the clutch may only be engaged when the at | east one |ight

source is dfearaysf a plurality of index positions along the predeternined
path and the plurality of synchronising shafts are at a predeterm ned angl e

; Cabi . . . R 515
Furt her® compft PRV ROARERECORAE © 2078 FetekPanBldinse \EsBndle Jntice (o
an adj acentsooomhsl &eflight emitting diodes (LEDs).

10. A display module according to claim 9, wherein the LEDs are tricolour LEDs.

11. A display module according to any of the preceding claims, wherein the drive
system comprises a plurality of synchronising shafts coupled together and to the

15  at least one light source such that rotation of any one synchronising shaft causes
the others to rotate and the at least one light source to move along the
predetermined path and the coupling system comprises a coupling on each
synchronising shaft, whereby each synchronising shaft can be coupled, in use, to
a synchronising shaft of an adjacent display module, thereby ensuring that the

20 light sources on each module move in synchrony.

12. A display module according to claim 11, wherein the synchronising shafts are
coupled together and to the at least one light source by a gear linkage.

13. A display module according to claim 12, wherein the gear linkage comprises a
plurality of bevel gears, each of which is mounted on one end of a respective one

25 of the plurality of synchronising shafts and is meshed with another bevel gear
coupled to the at least one light source.

14. A display module according to any of claims 11 to 13, wherein the at least one
light source is coupled to the plurality of synchronising shafts via a clutch such



transmtting image data to the adjacent nodule. 17 . A display nodule
according to any of clains 11 to 16, further conprising a housing in which
t he pl ur avotgroafideygnchr oni si ng shafts are nounted, the RCW&IB2Q09S0PI Sing a
front face and at | east one peripheral face defining the perineter of the

housi ng, wherein an end of each synchro ing shaft is exposed through a
respective aperture in the at | east onen:Lb ri pheral face. 18 . A display
nodul e according to claim 17, wherein the at |east one |ight source is
coupled to the plurality of synchronising shafts via a driven shaft which
passes t hr dugfhviaen 3‘@¢|v{¢rhésidﬂ$6tﬂ9égﬁﬂém af kleast one lighisqlirep Imgy medalaéong

accordi ng i - I F Iy I Iy; source is
di sposed agﬁq% t%&’i‘i‘”%&%ﬁ@éég%%‘wﬁg& gg{r{g@g@%peﬁﬁg W(% sPLélghéfO. A
di spl ay nodyhehraniigisngfts.o any of clains 17 to 19, wherein the at |east

one light source is covered by a transparent cover. 2 1. A display nodule

di t f clai 17 to 20 inthe front f t | t
ne.per i phddafh d sgeyTRUIS asportnd B HAdh ‘dcberan NGCHEET 2y dbulPe
e per T perIRoFd A B oot Shedioht sOpEeT ol b o) e B A Sl o
accor di ng tostioasaldy thehenedetermined pathtarfade pi@iraliheofgynehraiising lshpéid such
that a plurali of . housin e .pl.aced with their peripheral edges in
abut ment t@r?(‘# é]péegg@grgmeglfqrﬁgoggptg Oli splay nodul e according to claim
23, wherein the front face of the housing has a triangular, square or

hexagonal sigapedisglay modlils Ricayrdass & dhy otaapis $1 i@ 18, Rlrtherlcobdprigingdarspl ay
nodul es according to claim23 or claim24, wherein the peripheral edges of
each di spl &Je%@aﬁwmae@thn whicd May fsuraweiad iR use torisadigeenidnadeletfosi spl ay

dul t o | aufe d i Si haf t f h
i spl a3 ol E TP nbEaGe e AT in e O AR, °Soii Cas of each i opl ay

nodule all rotate in synchrony. 26. A display assenbly according to claim
25, wher ei 17t Adisplay moddige actorlirthto any of claims 11 to 16, further comprising a

housing in which the plurality of synchronising shafts are mounted, the housing

comprising a front face and at least one peripheral face defining the perimeter of

the housing, wherein an end of each synchronising shaft is exposed through a
15  respective aperture in the at least one peripheral face.

18. A display module according to claim 17, wherein the at least one light source
is coupled to the plurality of synchronising shafts via a driven shaft which passes
through an aperture in the front face.

19. A display module according to claim 17 or claim 18, wherein the at least one

20 light source is disposed adjacent the front face on the outside of the housing.

20. A display module according to any of claims 17 to 19, wherein the at least one
light source is covered by a transparent cover.

21. A display module according to any of claims 17 to 20, wherein the front face

and at least one peripheral face intersect to form an edge.

25 22. Adisplay module according to any of claims 17 to 21, wherein the front face
and at least one peripheral face are disposed at right angles.

23. A display module according to claim 22, wherein the front face of the housing



di splay nodule is electrically connected to the controller of an adjacent

di splay nodule to enable transm ssion of imge data from each display

nodul e t owohelozdpeeent di spl ay nodul e. 27. A di spl ay as®emgBro@ase3di ng to
claim25 or claim 26, wherein the position of the at | east one |ight source
of each display nodule is offset al ong |é€ respective predeterm ned path
relative to the position of the at | east“one |ight source of adjacent

di spl ay nodul es. 28. A display assenbly according to any of clainms 25 to
27, wherein each display nodule may be slidably noved in a direction

per pendi culi@phared such hahe ﬁlﬁ@étyr@%/fmsm& maydieadased witsghealy petaberes,

t hereby enahl.i le. 29. A display nodul e according
to any of %laglbrgrgh %Bp{)rﬁﬁrg%%renﬁ)fgltﬁgfﬂgﬂgﬁl ve system conprises a notor
coupled to the at | east one light source and the coupling system conprises
a speed cor4r &l displaf onodide tacobidimgta tiains 8edhefein theafronthfack df tiee hbusingst

one |ight i%urce and(il?r t he an%ul ar off%et of the at | east one |ight source

rel ative t 528 KSEEH A SEATE IF HR@GPTISNEBPNt in accordance with a master

clock signal. 30. A display nodule according to claim?29, wherein the notor

conpri s§s ;@5$t«aai§§|a§%%fsém;%ﬁpe6mwhéiﬁa 4 H8rety bEAShla9HBod B8 bacesdifetd S
rotatable in use.3 1. A display nodule according to claim30, wherein the
stati ¢ shafdaiin2her tlein 24dwhereindne periphersl adges obeachedisptayanediletase and an

cour ce 1 o PSR EfCRRE IR Ladty TRy BroEh o B e BBty °
bei ng di spesedheryath@nsg sMaitdioPesdh @kprly rabd@letare icoaprkdaduchitahplel ow
shaft such that the inmage data can be transmtted by the optical

transni t t efighbseuieespif paeh disptay wmedulersbigi@ietR SYRINMBW shaft. 32. A displ ay
nodul e according to any of clainms 29 to 3 1, further conprising a first

sensor sgdapired 4: put : { g&fq{age of
each og 6an@:'gsr' My'g%'? §%§%%§@%ﬁ§|@plt?%ﬁ@%%%@ﬁggpﬂ@%ﬁ%%ﬁomgfgﬁen s as the
at | east omnkésplayhtodsitaliscaiectataltyesonrteavted wethe comitotier okdre aejacenbeisplay

equi di st antrrllgduﬁg?g%ﬁaglrec%gnsmission of image data from each display module to the

adjacent display module.

27. A display assembly according to claim 25 or claim 26, wherein the position of

15 the at least one light source of each display module is offset along its respective
predetermined path relative to the position of the at least one light source of
adjacent display modules.

28. A display assembly according to any of claims 25 to 27, wherein each display
module may be slidably moved in a direction perpendicular to its front face relative

20 to adjacent display modules, thereby enabling replacement of the module.

29. A display module according to any of claims 1 to 10, wherein the drive system
comprises a motor coupled to the at least one light source and the coupling
system comprises a speed controller for controlling the speed of rotation of the at
least one light source and/or the angular offset of the at least one light source

25 relative to an absolute synchronisation point in accordance with a master clock

signal.

30. A display module according to claim 29, wherein the motor comprises a static
shaft about which the at least one light source is rotatable in use.



each other, wherein the speed controller is adapted to control the speed of
rotation of the notor such that the output pul ses generated by the sensor
and t he meetero/mB@ek signal are synchroni sed. 33. A di spCaGBroaulse939
according to claim 32, wherein the array of circunferentiallyspaced
conprises a gap equal to the size of one.ff the speed control elenents

bet ween two adj acent speed control elené% s such that the passage of the
gap through the first sensor generates an extended pul se, the speed
controll er being further adapted to control the angul ar offset of the at

| east one [31ghtdisplay ceoduie gerodindta ¢lainaB8owhieeein yir Rladiaishattip Aofew @ndpy

hroni si . . o e ! ock
< gnal s ey eSS A DR B s PR e i BB Rl ey
conpri si ng ta cere@nitnsgEndata ffamn aheihveate datatsotr¢aisihgaconttrotiet, tie@bpticalel enent ,

t her eby enabling each revolution of the at |east one |light source to be

det ect ed. 3BNSHIRISHIKYPHRR (FES I RFTRY RFPPSed Y 2BINTBeR; WHN 29Ch 91 att ur ¢ her
conpri skng ;

ot er i 31 ¢ SraBfEh@BEI nold¥psfan 468 R ISIRENEE, Soh bafraigiied B s,
36. A di splopyicaiddarisnittectur thergptical rcaiver roughdheholloweshgéar teeth are
configured such that they do not nmake contact in use with the gear teeth of

Synenr ony. 3. Abexriodti sePuielt &gt 556 o Bttt SoMiEkl Shtatlner
compr i S Ng SENSEY SAANEE t gBnéRAS BNABUBANDUISE BT RAPDASE tthe irssbigarirancrgul e

wi th adjacent display nodules in a predefined registration and orientation.
38. A di spleayarimuol eircuerferentiadyseaceaispresd contier lementkas meatleancene on

featur c | ' f r e f o |

i agondd 1 y 958868 BRI 3he B o Rl deufSBGto Rayfisehfl sPRd foms o
each of a sechrdhg@awhedéindha@gpoed lcyntolrseddaptatetoscapitrol tree spEbd 6, Wher eby
the nale and fenal e features cooPerate with the female and nmal e features

respect i velrgtagan sifhr evtonsia 63t e guiput Pusenapae @ied hy i senser anskihe
predefined paghstibak sRifaPaft YrRRSALLEN:

33. A display module according to claim 32, wherein the array of circumferentially-
15  spaced comprises a gap equal to the size of one of the speed control elements
between two adjacent speed control elements such that the passage of the gap
through the first sensor generates an extended pulse, the speed controller being
further adapted to control the angular offset of the at least one light source relative
to the absolute synchronisation point by synchronising the extended pulse with an

20 extended pulse in the master clock signal.

34. A display module according to any of claims 29 to 33, further comprising a
second sensor for detecting the passage of a location element, thereby enabling
each revolution of the at least one light source to be detected.

35. A display module according to any of claims 29 to 34, further comprising a
25 peripheral ring of gear teeth coupled to the motor, which interdigitate in use with
the gear teeth on the rotors of adjacent modules.

36. A display module according to claim 35, wherein the gear teeth are configured
such that they do not make contact in use with the gear teeth of adjacent modules

when the light sources of adjacent modules are rotating in synchrony.



39. A display assenbly conprising a plurality of display nodul es according
to claim37 or claim38, wherein the interconnection features of each

di spl ay nwoebw/Eas@éi nt erconnected with those of adj acentCrmRb@somnd each
di splay nodule is supplied with the nmaster clock signal such that the |ight
sources of each display nodule rotate in%$ynchrony. 40. A display assenbly
according to claim39, wherein the controfler of each display nodule is

el ectrically connected to the controller of an adjacent display nodule to
enabl e transm ssion of image data from each display nodule to the adjacent
di spl ay noddl & digplay m@lggpggrmwwoh@amwggoﬁs, #Iriiemcempsising ai m 40,
wherein th L 1 J gt I ay
nodule is o t? Ecgﬂtnﬁﬂgﬁfg%@f‘(?a['tgreeﬁ 3@5@2@?@8%‘?‘&4&% rdrln§é11§gﬁgoaﬂe r eﬁgﬂl‘ﬁ%ﬁe&{to t he
posi tion ofdiggtey atodutsasin sopedefigbdl registratiorofinadrientationdi spl ay nodul es. 42.
A display assenbly according to any of clains 39 to 4 1, wherein each

ol anc 1 e B ARl RS BRPUSIG & ol 32, WBEERID Ve PUsRanaeein eekipsy
modul esg 1 henaiseeN gl bgﬁweﬂéﬂaﬁﬁw eféh b’ﬂﬁ firRHtircof ot %@”ﬂ{g’*’?g@*d modul e

substantially as herei nbefore described wth reference onpanyi ng
dr awi ngs. 44ornerdio pheagnosisseand v ERIbST fantalafeatures dreeatmbbé seeonid peiriobed

ith f . tQ th [ d i . 45, di spl '

corpr i oi ng degara0y oppgRes SRR RS RtbE g ey fecindf Bl ¥ aB Teatupms 1
having a figopperitanfth theFemandahd eitlle $eBtl AR @B aBIRIROA BEjftePeridies to
pr edet er m ned Eath having a second shape, and a controller adapted to

modul at e t theld aegntgnodulgain the predafingd registration angharieriedan. |1 i ght
sources as they nove along the first and second predeterm ned paths

respectpvel On;i L: i ; ISkhbl & of
per si sﬁgncg\g 0?‘ C\I/I?@Pg%.sg%.%ﬁlA&dﬂ @g%'ég%d@graglg gﬁ%‘%?'&&n@b Angéélce#Id@J f%\/\/ner ein
t he second gaieds? er ofaire @8, wherein the interconnection features of each display module
are interconnected with those of adjacent modules, and each display module is
supplied with the master clock signal such that the light sources of each display

module rotate in synchrony.

15  40. A display assembly according to claim 39, wherein the controller of each
display module is electrically connected to the controller of an adjacent display
module to enable transmission of image data from each display module to the
adjacent display module.

41. A display assembly according to claim 39 or claim 40, wherein the position of

20 the at least one light source of each display module is offset along its respective
predetermined path relative to the position of the at least one light source of
adjacent display modules.

42. A display assembly according to any of claims 39 to 41, wherein each display
module may be slidably moved in a direction perpendicular to the plane in which

25 the predetermined path lies relative to adjacent display modules, thereby enabling
replacement of the module.

43. A display module substantially as hereinbefore described with reference to the
accompanying drawings.



path encl oses the first predeterm ned path. 47. A display device according
to claim45 or claim46, wherein the first light source is one of a first
array of wopghto/msusces and the second |ight source i s oRETEIB280%GS0%H
auxiliary array of l|ight sources, each of the first array and the first
auxiliary array being rotatabl e around ommon axi s, the light sources in
the first array and first auxiliary array” being arranged such that each
traverses along a unique path around the conmon axis, the light sources in
the first auxiliary array being novable relative to t he | i ght sources in

the first & Aydisplen aLSﬁambim@JQﬁiareﬂaélym hereinbgirresiaschhed math reigfenesin ces

in the fir f I rst shape and the light sources in the
first auxi I§$%?§£§r¥ %@ﬁg dré\Pﬁlg%e second shape, and the controller is

adapted to nodul ate the intensity of light emtted by each light source in
the first @b &displdyfdeviee mpﬂiéilagylfﬁsirl@mtasumdeaylot/abie@m afiiestr respective
uni que path ces in co ation cause a desired

ch th th ht S
e Do Bredalfiniaaa,paih Petistur MSLehnke chaesa LG SoRTeamovao g Agha
devi ce CoREibRg o iAbMRLE DauthBIBL™ SE%rd Slocends @9t Shogled i ary

array rotate around the co n axis~in synchro : di spl ay device
accor di ng todulaienthégntenhidy of Irrghtraa;nltted@ty the ffisst emddsequnsltllgatlsomnC&statheﬁy
rotate around the ¢ n.axis in radi al i gnnment . 50. devi ce
recor di ng. 1aPv 100 TEF Arshe Weacinia e drieR I retnns rediecdual RS AU
radial |y mav@ddidrifijfel téd Asibieby Virkle e petsistente ok villigpl ay devi ce
according to claim5b wherein the first array is nounted on a first

printed circuit board (PCB) and the first auxiliary array is nounted on a
first auxi 46 aMIﬂ@iay dteN@efaqc@rdlag@ plww@@@%@mrtaewrzaa%|péedeéelaﬂm@e to the

first toclaim5 1, wherein the first
auxi | i g&s B%ﬁ"lﬁ‘dg a ggﬁéterc%%e%n gﬁe irst PCB. 53. A display device

according to claim5 1 or claim52, wherein the first auxiliary PCB is
caused to sﬂl?i.éedis;elbytde\wmetax:cpr@ng ito stailf@> drycléivh K6ywhgraan taanfirst bt e as it

rotates around the c r’?m
source is one o)

Prs?)élrr%y of light sources and the second light source is one of
a first auxiliary array of light sources, each of the first array and the first auxiliary
array being rotatable around a common axis, the light sources in the first array

15  and first auxiliary array being arranged such that each traverses along a unique
path around the common axis, the light sources in the first auxiliary array being
movable relative to the light sources in the first array such that the unique paths
traversed by the light sources in the first array are of the first shape and the light
sources in the first auxiliary array are of the second shape, and the controller is

20 adapted to modulate the intensity of light emitted by each light source in the first
array and first auxiliary array as they traverse their respective unique paths such
that the light sources in combination cause a desired image to be visible by virtue

of persistence of vision.

48. A display device according to claim 47, wherein the first array and first

25 auxiliary array rotate around the common axis in synchrony.

49. A display device according to claim 48, wherein the first array and first

auxiliary array rotate around the common axis in radial alignment.

50. A display device according to any of claims 47 to 49, wherein the first auxiliary

array is radially movable relative to the first array.



54. A display device according to claim5 1 or claim52, wherein the first
auxiliary PCB is caused to slide relative to the first PCB by a notor

coupl ed twothw/diBisst auxiliary PCB and driven by the coRCTaIHB2009/5039s to
vary the displacenent of the first auxiliary PCB relative to the first PCB
as it rotates around the conmon axis. 554 A di spl ay device according to any
of clainms 47 to 54, further conprising a%econd array of light sources and
a second auxiliary array of light sources, each of the second array and the
second auxiliary array being rotatable around a commpn axis, the |ight
sources i nXhé %é@'@M exicesACcCording e cldaditt viekeini thefirstrareay I5enaigntad Ganged
such t hat | | t he
gt sour 08 T ErARERG BRI ANAE BE Aol M I rERR oRL st (e

| i ght sour eesiliary POB, $te firsd aaxiliayy BGBbdihgslididisie ualiative tpaieiirst P@Br sed by
the Iight sources in the second array are of the first shape and the |ight

sources in _the second auxiliary array. are of the second shape_ the
cont o1 1 &1 SBetrSHaY seutrer A BRI 40 EATRE h MNHErHEdrol A bR ERCE Bd by each

| i ght sgur gRy&S inﬁo&ﬁté&!?nstﬁé firdiSpgspecti ve uni que path such that the |ight
sour ces of tﬂe Yirst and second array and the first and second auxiliary

arrays in conbination cause a desired inmage to be visible by virtue of
per si st enc®3pA displaytleves. acgondisgltaglaim\iicer daicnbdi whetain thexfirgt BB Xiliaryer ei n

i synonr o ® yoes B BlRSYe Sk ARG By Ribuihd 4 REe e RO °

second arr aytatelaerfdibe @oKirhb@byisarray rotate around the common axis in
radi al alignment.58. A display device according to any of clains 55 to 57,

wherein the first array and second array rotate around the cgnmon axis in
synchr ony. Y9A dispiny slexireRapOEUNg de SNy elociainy Sér WorEifn e Brst gusiary

wher ei Rt N A ESEa by fo! bk réragigél t%ﬂge R PEB Bg?é' r‘nbt’Hrléoﬁgfe@jytortﬂé g around
t he conmon axis In synchrony. ) I spl ay device according to any of

cl ai rs 55 taoxbiary RO&r amchdtiven by tisd cantralier socad foevdry tisd dspladensent ciitieaay ar e

[ i cal | h h ili
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55. A display device according to any of claims 47 to 54, further comprising a
second array of light sources and a second auxiliary array of light sources, each
15  of the second array and the second auxiliary array being rotatable around a
common axis, the light sources in the second array and the second auxiliary array
being arranged such that each traverses along a unique path around the common
axis, the light sources in the second auxiliary array being movable relative to the
light sources in the second array such that the unique paths traversed by the light
20 sources in the second array are of the first shape and the light sources in the
second auxiliary array are of the second shape, the controller being adapted to
modulate the intensity of light emitted by each light source as it traverses its
respective unique path such that the light sources of the first and second array
and the first and second auxiliary arrays in combination cause a desired image to
25 be visible by virtue of persistence of vision.

56. A display device according to claim 55, wherein the second array and second

auxiliary array rotate around the common axis in synchrony.

57. A display device according to claim 56, wherein the second array and second

auxiliary array rotate around the common axis in radial alignment.



6 1 . A display device according to any of clainms 55 to 60, wherein the
paths traversed by the light sources of each of the first and second arrays
are interwacedt/asdét he pat hs traversed by the |ight sourcEsGBhowAEedsoof the
first and second auxiliary arrays are interlaced. 62. A display device
according to any of clains 55 to 6 1, Wnﬁein the second auxiliary array is
radially novable relative to the second ray. 63. A display device
according to claim62, wherein the second array is nounted on a second PCB
and the second auxiliary array is nounted on a second auxiliary PCB, the
second auxiddi ArdispleR ds¥icecoordiag te angchclajesdd oy yéesaia thedirsteraya

second auxi . . et eBIsGan
S1  dab]y monReRond 4 elde B s AcE] dip s REFRAY. 2otor di ny to ol ai m

63 or claim64, wherein the second auxiliary PCB is caused to slide
rel ative t &% WedisplapgvieEBdrprding ltoanp@f &laimm5rtof58, evieseintthe dirsitascilmrpund

the common axis. 66. A display device accord to claim 63 or ¢laim64,
whor i n ¢ h@rEY AIHSSRAN 2RI PR Y OFRLE QB S) GRIRMOBI S PeSWSHEHY- second
PCB by a notor coupled to the second auxiliary PCB and driven by the

control Ker %@Aacﬁsblay‘é%ﬂ/bbetélﬁo%iﬁ@'t@‘éﬁ?‘%’ﬁbla%st%eto%géQ\ﬂférém&hbifﬁ‘étYarPa@B
relative to the second PCB as it rotates around the comon axis. 67." A

di spl ay dewnddhadicgiratixiigry errapyaretiamealries!lygppesessio thiasaespnd @@y and the

varal y 1 PERPORACK Pty 85 gl e Brelhy MBI 88on B s 6. A

di spl ay device according to any of clains 46 to 66, wherein the device

further cormr iAsgisplay idalviceeddoeeding &y iang of elérne b5t o 60)aviepainrtoklpeiths t he Hal |
ef fect device being adapted to sense the passage of a nmagnet nounted on the
first arrayravgpedOyihglidhy sqergesef fach lithey fitsd angysesPne [ahiays are intgrigged

wher ei figt eyl AL HUFEGSrsBl By thPFight sources of each of the first and second

auxiliary arrays are interlaced.

62. A display device according to any of claims 55 to 61, wherein the second

auxiliary array is radially movable relative to the second array.

63. A display device according to claim 62, wherein the second array is mounted
15 on a second PCB and the second auxiliary array is mounted on a second auxiliary
PCB, the second auxiliary PCB being slidable relative to the second PCB.

64. A display device according to claim 63, wherein the second auxiliary PCB is

slidably mounted on the second PCB.

65. A display device according to claim 63 or claim 64, wherein the second
20 auxiliary PCB is caused to slide relative to the second PCB by following a cam

profile as it rotates around the common axis.

66. A display device according to claim 63 or claim 64, wherein the second
auxiliary PCB is caused to slide relative to the second PCB by a motor coupled to
the second auxiliary PCB and driven by the controller so as to vary the

25 displacement of the second auxiliary PCB relative to the second PCB as it rotates

around the common axis.

67. A display device according to any of claims 47 to 66, wherein the device



70. A display device according to claim®69, wherein the LEDs are tricol our
LEDs. 7 1. A display device according to any of clains 45 to 70, wherein
the firstwehamp#id®eéa circle and the second shape is a S@UAGB2009/(0939
rectangle. 72. A display device substantially as herei nbefore described
with reference to the acconpanying drawi pgs. 73. A nethod of mappi ng i nage
data on to a first array of |ight sourceS rotatable around a common axis,
the light sources in the first array being arranged such that each
traverses along a unique path around the conmmon axis, the intensity of

li ght emi t flédhgyycasapiisasi yrentsad)areay efighheosicestdignased rediatly imwerglyatrea as it
traverses i - t]ue. uni the light sources in

conbi nat i Ort}Pi%g@iéai’%@%.\éﬂ%ﬁéﬁ#ﬂ%@%%c@@ﬁﬁ?@?gﬁe by virtue of persistence of
vision, and the inage data conprising a plurality of data val ues, each of
whi ch cor r é8pdindisplag devizexadcording he adg ©f ckaims dége, 66, Inehareinitbd devigar | Si ng
the foll ow_ng steps: .a i taqri the position of the first arr and
hosi gni ng. e ccrises A Bl eYechdevics sBigleriss g canalss kil efbeteol i n
the deshrediehERASRING bagpledthendd the a@@égja 0% Rk PREIE offind et | 1St
array wth a predefTned 1 nmage boundary; c¢) nodulating the intensity of each

|l i ght sour@erayf the first array wthin the predefined boundary according to
the data val ues corresponding to the pixels ofthe desired i mage to which

ntensity oF EnPny G RECTh-BRRhRE Fak o Rl B R Mhtndhe YOk 8B aeng 1o

nodi fi ed dafr@ | FE@gues corresponding to the pixels of the desired inmage to
whi ch the |Iight sources have been assigned in step (a), the nodified data
val ues bei (r%gtcal,cul ated fromthe correspondi ng data values in accordance

with a pred® érdippiay deyiceracsrrdiaado elpim&sbaargindhedsEQsgra icplppr &5 Ushe

first array rotates around the comon axis. 74. A nethod according to claim

73, whegei rpqt %%ié;ﬂ%?%e@%’eaabdq%r&hg% %ZB?QIa%sWB ® AR GHe R tha¥irst sHapas

sources, the seco array being Totatable around the
a circle and the second shape is a square or a rectangle.

72. A display device substantially as hereinbefore described with reference to the

accompanying drawings.

73. A method of mapping image data on to a first array of light sources rotatable

15 around a common axis, the light sources in the first array being arranged such
that each traverses along a unique path around the common axis, the intensity of
light emitted by each light source in the first array being modulated as it traverses
its respective unique path such that the light sources in combination cause a
desired image to be visible by virtue of persistence of vision, and the image data

20 comprising a plurality of data values, each of which corresponds to a pixel in the
desired image, the method comprising the following steps:

a) monitoring the position of the first array and assigning each light source in the
first array to an appropriate pixel in the desired image;

b) calculating the point of intersection of the first array with a predefined image
25 boundary;

¢) modulating the intensity of each light source of the first array within the
predefined boundary according to the data values corresponding to the pixels of



common axis, the light sources in the second array being arranged such that
each traverses along a unique path around the common axis, and the

i nt ensi t ywofzoloigbi4eem tted by each |ight source bei ng mpdulGH2ea/ 58930t
traverses its respective unique path such that the |ight sources of the
first and second array in conbination caﬁe a desired image to be visible
by virtue of persistence of vision, the thod conprising the foll ow ng
additional steps: i) nonitoring the position of the second array and
assigning each light source in the second array to an appropriate pixel in
t he desi r edhe pagieed image ta whichtthadighhsoweenhave bernassigneddi stgP (e second
array with the predefined i mage boundary; iii) nodulating the intensity of

each |ight i &N ; ef i

accor di ng. 00 rastatie HetnBeERpSs BaLAYQH! odlirb bDRIAR fHelpieBBthe UBLAIY, 4

i mage to waccorditgetd mghifiesicdate ealUssveoriespondisg) torikd pixels okihe(dgsiredv)

nodul ating.the intensi of each light source outsjde the predefjned
boundar y SREIRIRENG (Rediant Sahes e DA ASHOAchBrRiEh 4ok 51 ROPSEE 5 of
t he deskred., i Walaly i F i ep
(. Ehe o e e R e o e o 1Bt Bt o
val ues i n aditoa gegdsdeminbd dupctiodetsdm ned function; and v) repeating steps
(i) to (iv) as the first array rotates around the comopn axis.75. A nethod

onourr ont 19 e et (] BB BRI gt ortsfubitbef AR RUTRE T Ben 2% 74 o

claim75, wherein the first and second arrays rotate around the commobn axis

i n synchr oy, Afhethddaddondingte efziniiB, wherbinl thie Ihageliiteinalkbenppet om sl
second arrays are dianetrically opposed as they rotate around the common
axis. 78. Amg@r@c@frlmgoweén eo¥econy arrayraeing rotatakigareynd thee pat hs

aceor di g Cone g RLInG R SER s TR SBPAR ot nelicPRrataeh sdch v BB S
traverses along a unique path around the common axis, and the intensity of light
emitted by each light source being modulated as it traverses its respective unique
path such that the light sources of the first and second array in combination cause
a desired image to be visible by virtue of persistence of vision, the method

15  comprising the following additional steps:

i) monitoring the position of the second array and assigning each light source in
the second array to an appropriate pixel in the desired image;

ii) calculating the point of intersection of the second array with the predefined
image boundary;

20 iii) modulating the intensity of each light source of the second array within the
predefined boundary according to the data values corresponding to the pixels of
the desired image to which the light sources have been assigned in step (i);

iv) modulating the intensity of each light source outside the predefined boundary
according to modified data values corresponding to the pixels of the desired

25 image to which the light sources have been assigned in step (i), the modified data
values being calculated from the corresponding data values in accordance with a

predetermined function; and

v) repeating steps (i) to (iv) as the first array rotates around the common axis.



array is nonitored in step (a) by detecting the passage of a magnet nounted
on the first array using a Hall effect device. 80. A nethod according to
any of clwDme10M3ie 79, wherein the position of the seceol/GB20e@y05IBS9
nonitored in step (i) by detecting the passage of a magnet nounted on the
second array using a Hall effect device.4$ 1 . A nmethod according to any of
clains 74 to 79, wherein the position of "the second array is nonitored in
step (i) by detecting the passage of a magnet nounted on the first array
using a Hall effect device. 82. A nethod accordin? to any of clains 73 to

79, wher ei 9 Remethosk acoeadipg t@@tadmd%rwhﬁremtap%éi ta o0 @de cariashdion axi s at
a const ant c%ﬂgb'rlrgﬁtgy\?/‘ltﬁ%it# ‘f?i%o( nmet hod according to any of clains 73 to
i € prede I mage

82, wherein Ine oundary is square or rectangular in
shape. 84. A nethod according to claim83, wherein the predefined i mage
boundary i §6cénThathoeidacoordinglty claimhidot daina7éawsesgin the firdgbantdrsecbndst

and/ or second arr‘%i. 85. ﬁ met hod accordi % bo any of clainms 73 to 84,
wher ei n t h@MsYe e A FTAMIRNANS NpIe8" e data val ues outside the

predefined i mage boundary by zero such that the corresponding nodified data
val ues gre 7l Ia rﬁéfﬁbd%cco?diﬂQttBQFbir%CfEQrvﬂ"\é?@itnLtﬁeﬁﬁé’t ad Sé@nParfayd &eB4,

wherein the predeterm ned function causes the intensity of the nodified
dat a val uegliarnetsically ppposgkdstheycvtatamjeuncthecomman axigluced rel ative to
the intensity of the corresponding data values. 87. A nethod according to

any of clai faﬁ {%gfgélcl:cg‘gé\ﬁg% %ng%? cPJir‘?u@ﬁ?ﬂé??Sﬁ/grw%lr%@gt@%%t@?%%rsteg y

¢ . . eth :
intensity o e o ta values outsi imed rnagé val’ue to

fade in accies tigncsourtédiof daih adhg benimeedacea. t he predefined i nage boundary.
88. A conputer program conprising conputer-inplenentable instructions,
whi ch when

xecut ed a programmahl e conmput er causes the progr | e
conput er t(Z%p msﬁmdggm@aa% ﬁ%&?&%ﬁ'ﬁ% @ 4% @We@ntbedqosgpg]i ‘%gtﬂ;%rﬁto 87.
10 array is monitored in step (a) by detecting the passage of a magnet mounted on
the first array using a Hall effect device.

80. A method according to any of claims 74 to 79, wherein the position of the
second array is monitored in step (i) by detecting the passage of a magnet
mounted on the second array using a Hall effect device.

15  81. A method according to any of claims 74 to 79, wherein the position of the
second array is monitored in step (i) by detecting the passage of a magnet
mounted on the first array using a Hall effect device.

82. A method according to any of claims 73 to 79, wherein the first and/or second

array rotates around the common axis at a constant angular velocity.

20 83. A method according to any of claims 73 to 82, wherein the predefined image
boundary is square or rectangular in shape.

84. A method according to claim 83, wherein the predefined image boundary is
contained entirely within the area swept out by the first and/or second array.

85. A method according to any of claims 73 to 84, wherein the predetermined
25 function multiplies the data values outside the predefined image boundary by zero
such that the corresponding modified data values are all zero.



89. A conputer program product conprising a conmputer program which when
executed by a programmabl e conputer causes the programmabl e conputer to
per f or m awoebtvad3i4a accordance with any one of any one @®CTAMBRDIPNSTBItO 87.
90. A nethod of mapping i mage data substantially as hereinbefore described
with reference to the acconpanying drawiws.

86. A method according to any of claims 73 to 84, wherein the predetermined
function causes the intensity of the modified data values outside the predefined
image value to be reduced relative to the intensity of the corresponding data

values.

5 87. Amethod according to any of claims 73 to 84, wherein the predetermined
function causes the intensity of the modified data values outside the predefined
image value to fade in accordance with their distance from the predefined image
boundary.

88. A computer program comprising computer-implementable instructions, which
10  when executed by a programmable computer causes the programmable computer
to perform a method in accordance with any one of claims 73 to 87.

89. A computer program product comprising a computer program, which when
executed by a programmable computer causes the programmable computer to
perform a method in accordance with any one of any one of claims 73 to 87.

15  90. A method of mapping image data substantially as hereinbefore described with

reference to the accompanying drawings.



