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AN APPARATUS FOR PERCUSSIVE HARMONIC
-MUSICAL SYNTHESIS UTILIZING MIDI TECHNOLOGY

: (APHAMS)

. BACKGROUND OF THE INVENTION

1 Techmcal Field of the Inventlon

The present 1nventron relates to the ﬁeld of electronlc mus1cal 1nstruments bemg an
Apparatus for Percussive Harmomc Musrcal Synthe51s (APHAMS) wh1ch targets the

fpercusswe melodlc mode of performance through emulatlon of the physical layout and

~ feel of tenor steelpan mus1cal 1nstruments and which utilizes MIDI technology for the

synthesis of a range of musical sound generatlon

2 Description of the Prior Art

In terms of their bearing and influence on the development of the apparatus of the present
'invention drums, steelpans and general percussive devices, which provide for internal
synthesis usmg internal electromcs and/or external synthes1s usrng the MIDI protocol are -

known in the prior : art

In relation to the apparatus of the present 1nventlon desplte its novelty and appeal the
traditional acoustic steelpan 1nstrument suffers from several disadvantages and apparent

drawbacks.

A First, as evidenced by the need to implement many ranges on multiple drums, it is

virtually impoSsible presently, to rnanufacture a steelpan that is able to cover the widest
- possible musical range,from bass to soprano range, on a single drum. This limitation is L
imposed by the physical size of the notes and the size of drums in use. In particular, due
to the fact that note sizes increase dramatrcally for notes lower down on the musical scale,
the arrangement of notes that follows the musical cycle of 4ths and 5ths is only poss1ble

on the tenor steelpan which uses a single drum to realize the highest musical range.

A direct consequence of this limitation is the fact that, except for the higher ranges that

utilize up to two or three drums, the instrument is not easily portable.
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‘ AnOther signiﬁcant disadvantage stems from the difficulty in retuning the instrument as

: tumng is generally done by an expert. Tuning may be necessary after extensive use, use

of excessive force in playing the 1nstrument or a change in temperature. The productlon ,
of steelpans that can deliver true and natural sound over a wide mus1ca1 range and that do '
not require the need for a tumng expert, to contmuously keep the 1nstrument tuned for :

optimized sound_is very desirable. -

Finally,‘ although. the instrumentihas introduced a new mo'dality of perforrnance whereby
players can produce melodic sounds by striking notes on a single metallic surface, iquite

apart from the subtle changes in timbre that occur by variation in the manner in which -

‘notes are struck and where they are struck, the traditional instrument does not have the |

. flexibility which would allow for rapid changes in timbre or voice.

As they have had beanng or 1nﬂuence upon the proactive evolution of the apparatus of”

the present invention, there are a Variety of instruments, 1nclud1ng electronic drums which

utilize the umyersa_l MIDI standard. The ,electronic keyboard percuss1on instrument of US

E Patent _'No'. 4892023 to Takeuchi ef al, uses an arrangement of plates arranged in similar

- fashion to a standard keyboard The said instrurnent is played like a“xylophone. The

output of sensors attached to the plates is used to trlgger the generation of synthes1zed
tones corresponding to the desrgnated notes. The said de51gn also fac1htates wired

connection to a MIDI network, so as to extend the range of voices which can be accessed.

HoWe_ver, the aforementioned electronic keyboar_d percussion ir'istrurnent does not support
the 4ths and Sths note arrangement, nor does it allow for other variations in the note_
arrangement, apart from transposition. In addition it does mnot support ten '(10)-note'
polyphony, nor does the physical arrangement of plates facilitate finger play. Finally, the

said instrument does not facilitate wireless capability without eXternal devices.

Electronic drum instruments, such as those described in US Patents nos: 3956959 to
Ebihara et al, 4781097 to Uchiyama et al, 4479412 to Klynas, 5434350 to Haney and
5076131 to Patterson, utilize pressure sensitive pad arrays and electronics to generate

MIDI output, for tone generation, or for direct internal sound synthesis.
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These heretofore mentioned electronic drum'instrurnents have been designed for the
primary purpose of synthesizing acoustic drums. As such, the number of pads evailable is
limited, usnally t.o no more than twelve (12), i.e. a single octave. Moreover, as a further
conseqnence of the original deéign intent for drum synthesis,‘the size, arrahgement and
other physical attributes of | the_"pads do not facilitate an ergonomic, musically intuitive

“note arrangement for the performance of melodic music.

Ae they relate to the apparatus of the present invention, the use of electronic drums is well
known in the prior art. For example U.S. Patent. No. 4,700,602 to Blozz‘io’ discloses an
electronic drum having multlple sound sources w1th rapidly detachable stnkmg elements
and piezoelectric transducers. However, the said invention of the aforementloned patent
does not utilise electromc synthe51zers to deliver the natural sound of a steelpan.

Furthermore, sa1d patent does not dlsclose the mixing of other musical 1nstruments with

the sound of the steelpan

U.S. Patent No. 4,679,479 to Koyamato discloses an electronic drum, which uses a single'.
detection element mounted on the base layer of the drum to detect the striking of the drum
surface. However, the mventlon of this said patent does not use electronic synthesizers to .

deliver the natural sound of a steelpan. Furthennore, this patent _does‘_not disclose the .

" mixing of other musical instruments with the sound of the steelpan.

Also, U.S. Patent Design No. D319,650 to Hart discloses the design of an electronic
drum. However, the invention disclosed in this said patent has a single striking surface
and does not use electronic synthesizers to deliver the natural sound of a steelpan.
Futthermore, this patent does not disclose the mixing of other mnsicatl instruments with

the sound of the steelpan.

Finally, U.S. Patent Design No. 5,'502,274 to Ilotz, U.S. Patent No. 6,212,772 to
Whitmyre et al., and U.S. Patent No. 5,973,247 to Matthews all disclose instruments
which may be of general interest and pertinent to the construction and design of the

apparatus of the present invention.
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US Patent No. 5,502,274 to Ilotz discloses an electronic musical ii;strumerit for playing
along with pre-recorded music. However, this instrument does not concentrate on.-

generating ’the true and natural sound of the steelpan.

US Patent No.6,212,772 to Whitmyre, discloses a Caribbean steelpan. Howevér, this said
instrument does not disclose a device which uses electronics to 'emulate the traditional

steelpan.

US Patent No. 5,973,247 to Mafthews,.discloses a portable steel drum and carrief. Here
again, this instrument does not disclose a device that uses electronics to emulate the

traditional acoustic steelpan.

" US Patent No. 7030305 Bl to.Cupid,y ‘eiriploys a préssure;sensitive pad matrix in an

ergonorhi_c framework modeled along the lines of the now generic conventional acoustic
steelpan. However, while said aforementioned invention caters for the electronic
simulation of all existing acousﬁc “steelpan. ranges from bass to high tenor, said

aforementioned invention does not allow for the pressure-sensitive pad matrix to be

 arbitrarily configured. .

As such, while said design caters for the electronic simulation of all existing acoustic
steelpan ranges from bass to high tenor, by replicating the physical form of these
instruments, nonetheless, said inventfon, requires the use of two, three, or even six,
separate playing surfaces and said invention does not facilitate full emulation of the
steelpan, by generating timbre variations, when different parts of the pressure-sensitive

pads are struck.

In particular, while éaid éforementioned invention supports the 4ths and Sths note
arrangéfneht, said invention does not facilitate arbitrary yariatioris in the note
arfangement, neither is there support fof ten (10)-note polyphony, nor does the physical |
design of the pads facilitate finger play. Furthermore, said aforementioned invention does
not facilitate wireless MIDI capability without external devices, nor is there allowance for |
control of devices on a MIDI network. Said aforementioned invention allows only for
synthesis of the various ranges of steelpan, does not emphasize the synthesis of a wide

variety of voices and supports only twenty-eight (28) notes.
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In-conclusion therefore, the said hereinbefore mentioned invention, does not support

. simultaneous synthe51s of multlple voices and it does not facﬂltate full emulation of the

steelpan instrument, by generating timbre variations when dlfferent parts of the pressure-

sensitive pads are struck.

In view of the 'foregoing demonstrated disadVantages inherent in the known types of

‘traditional generic- acoustic steelpans, - electronic synthesized steelpans, - electronic

keyboard percussive instruments and other such similar instruments now present in the ;

prior art, -the apparatus of the present invention provides an appropriate innovative
melodic apparatus, which ‘overcomes the above-mentioned disadvantages and more, as

well as the previously stated given‘_ drawbacks of the prior art.

| As such, the general purpose of the present 1nvent10n which will be descnbed

subsequently in greater detarl is to prov1de a new and 1mproved melodic apparatus
which has all the stated advantages of the prlor art mentloned heretofore and many other
novel features which result in a melodic apparatus which is not anticipated, rendered.
obvious, suggested, or even implied by the prior art, either alone, or in any given’
combination thereof. | ' ' '
SUMMARY OF THE INVENTION

The apparatus of the present invention facilitates the generation of musical tones when

played percussively through the use of the well established MIDI technology for the

synthesis of a range of music voices, using external or internal MIDI sound modules.

For the apparatus of the present invention, there are given three (3) main components
namely: (a) the Main Assembly,_ (b) the control & display console and (c) the mounting

stand.

The main assembly of said apparatus of the present invention is a sealed enclosure that
embodies and supports the electronics which provide for the functionality of said

apparatus.

At the top of the main assembly is the playing surface that supports an array of muzi-

pads. Said muzi-pads are specially designed surfaces that include electronic sensors that
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trigger the generation of sound when each muzi-pad is struck with a light stick, or mallet,

or the fingers.

Said sound is actually produced by an internal or external amplification system that takes
input generated by internal or external synthesizer modules, eoﬁnected to the apparatus of
the current invention, through a MIDI network and can be a musical note, the sound of a

percussmn 1nstrument or a special effects sound as may be determined by the player

\ , through use of the customization featiires prov1ded by the MIDI software.
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Said muzi-pads are arranged in an array of eencentric rings, there being twelve (12) muzi-
pads in each such ring, typically representing the twelve (12) notes in a musical octave.

Said array is comprised of three (3) or four '(4) such rings, thus covering as many as four .

- (4) musical octaves.

While "the'Curr'eht invention -allows the‘user to custémizebthe 'sound geherated by each

muzi-pad, the apparatus of the present invention uses a default note assignment whereby

1 the aforementioned muzi-pads are arranged in concentric rings, having 12 notes per ring,

with note pitches following the cycle of musical 4ths and 5ths along each ring. Note
pitches increase by one octave per ring, as one moves along a radial line't(')wards the

centre of the playing surface This format presents the user with a s1ngle interface that is

- familiar to accomphshed musicians and is easﬂy learnt.

Physical attributes of said muzi-pads are varied so-as to allow quick and eas'y

_ identification of notes. 2

Said mu_zi-pads are also associated with light emitting devices affixed in close proximity
to or directly upon the muzi-pads, one light emitting device per muzi-pad, which provides
a visual cue, to indicate which muzi-pads are to be struck in accordance with a musical
piece as dictated by a given MIDI sequence. The total collection of all said light emitting
devices thus located on the playing surface form a Light Emitting Device Array (LEDA)
which by its described function facilitates tuition.

Said playing surface is typically of a concave circular shape, thus facilitating ease of play
in the percussive mode. The geometry of the playing surface and said muzi-pads can be
varied .to accommodate different stylistic, performance and ergonomic considerations.

Variation in touch sensitivity allows said instrument to be played with fingers.
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The control & display console provides an interactive human — machine interface, that
allows the user to select one or more features as may be desired. It is mounted upon the

rim of the playing surface for easy access during performance.

Sound generation 1is effected through internal or external sound synthesis modules
connected to an ampliﬁcation system. Communication to-all modules. is by way of the
‘MIDI protocol Internal synthesrs is facilitated by 1mplementat1on of tone banks on
standard removable memory, such as Secure Dlgrtal (SD) or Smart Medla (SM) cards, orl

ona USB memory key

Said internal synthesis facil_itates operation in a standalone mode, without need for an

external sound module. Internal synthesis allows the player a level of customization in the

voices that can be accessed from the apparatus of the present invention. A separate

B fac1l1ty is provrded to allow players to create the1r own tone banks by sampling an

ex1st1ng 1nstrument or for creating completely new sounds.

The customizable tone feature of the apparatus of the present invention, provides for the
accurate synthesrs of the steelpan, 1nclud1ng all of its nuances, through cither phys1cal

model synthes1s or wave table synthesis.

The present invention also incorporates a playback and recording facility which facilitates

" the capture, storage and replay- of MIDI sequences generated by the player for

customizable ready made accompaniment. The facility supports, variable tempo and a
metronome. In addition, the present invention allows the itinerant player to download

MIDI .ﬁles through the I/O Ports for storage in the Song Bank.

The architecture of the logic of the apparatus of the present invention, supports ten-note

polyphony, allowing the pannist to use his fingers for playing if he so desires.

It is a prime object of the apparatus of the present invention, to optimize the ability of any
itinerant player or given user, to access the full benefits of modern digital electronic,
communication and computer technology to enhance the performance of players through

built in capabilities of the apparatus to generate, store and transmit sound to external
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sources and to access remote sources for music generation material, including MIDI

. sequences and new tones.

Therefore, it is an object of the present invention, to provide a vastly improved apparatus,
in which a variety of features can be preset for rapid re-configuration of the 'present
invention during a performance, this being: facrlrtated by user-programmable 1nputp

controls to whlch the desired conﬁguratlons may be ass1gned

A further objecr of the apparatus of the present | invention is the support of the'4ths and |

‘Sths note arrangement, as well as the facrlrtatron of arbrtrary variations in the note

arrangement and further support for ten (lO) -note polyphony, durlng performances with

an optlon of facilitated finger- play.

Yet another object of the apparatus of the present invention is the facilitation of wireless

V MIDI capability without external devices, in addition to allowance_ for control of devices

ona MIDI network, with easy facilitation of synthesis of a wide variety of voices.

Itis also another object of the apparatns of the present invention, ‘to. support a mrmmum
~of thirtyfsix_ (36) notes, i.e. three (3) full oct}a'ves,p with the flexibility of extending to four -

‘(4) octaves, with’ simultaneOué synthesis of multiple -voices‘, which allows for arbitrary

voice assignments to individual notes, or to groups of notes.

Yet an additional object of the apparatus of the present invention, is the ernployrnent of a
single user interface for all synthesized instruments and voices, thereby eliminating one
major source of confusion in the traditional steelpan performance environment i.e. the

plethora of note layouts and drum configurations on different ranges of the instrument.

It is a further object of the present invention to provide an apparatus in which the control
& display console is ergonomically designed, for ease of access to the various control

functions during performances.

Yet another object of the present invention is to provide an apparatus to which easy
access is further facilitated, by the ability to locate the oontrol & display console
anywhere within the optimal reach of the player. - -
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Yet a further object of the present invention is to provide preset touch pads of similar
construct to said muzi-pads, which facilitate selection of pre-programmed functions by
striking said touch pads with a playing stick, thus allowing for rapid access to pre-

programmed functions during a performance.

St111 another object of the present invention is to prov1de control pedals which can be
a531gned by the user to perform any one of several functlons Said functions include a
sustain effect in wh1ch the depressed pedal causes the current note to be held 1ndeﬁn1tely,

a damp pedal in Wthh the depressed pedal causes the note to be immediately damped a

~ preset function that facilitates user defined reconfiguration of the instrument when the

pedal is depressed, and a volume control.

Moreover, a further object of the apparatus of the present invention is the provision of a
mounting stand, which is used to support the Main Assembly and control & display
console, at a height and disposition which facilitates easy performance, said mounting

stand being an optional component which may vary in form, shape, or size.

Yet another object of the present invention reco.gnizes that in some in-situ applications, a
player may wish to omit the stand altogethet, so as to have the optional flexibility of
carrying the apparatus of the present invention while performing and so the main
assembly and control & display c_onsole are light enough to facilitate this mode of
performance and can, for example, be suspended by a strap from the player’s neck with

minimum or possibly no discomfort being experienced.

Finally, it is an additional object of the apparatus of the present invention, to further
facilitate portability, as said ‘present invention is equipped with a rechargeable battery
device, which is automatically topped up when said invention is docked onto the

mounting stand.

These and various other advantages and features of novelty which characterize the
apparatus of the present invention are provided throughout this disclosure. However, for

one skilled in the art to have a better understanding of the invention, its advantages and
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the objects obtained by its use, reference should be made to the drawingswhich form a

further part hereof, to the accompanying description and to the claims.

BRIEF DESCRiPTION OF THE DRAWINGS

Fig. 1 is a top level c.onoeptu'alv schema displaying the functional components of the
present invention. ) , o | | ' ,
Fig. 2 is an isometric view of a preferred 'conﬁguration of the apparatus of the presen_t
1nvent10n | | B

Frg 3 provides top, frontal and side prOJectrons of the main assembly of sa1d apparatus of

- the present 1nventron

Fig. 4 provides top and side cutaway sectlons as well as an isometric pro;ectlon of sa1d
apparatus of the present 1nvent10n _ '

F1g 5isan exploded view of the main assembly with control & drsplay console.

Frg 6 displays a preferred embodiment of the note configuration on the playing surface of
the apparatus of the present invention. =~ '

F1g 7 provides top, frontal and bottom perspect1ve views of a preferred embodiment of

_the muzi-pad of the apparatus of the present 1nventron

Fig. 8 shows a block diagram of the main assembly electronic circuit of the apparatus of -

. the present invention. . . .-

Fig. 9 depicts a preferred embodiment of the Peak Detection and Trigger Circuitry of the
apparatus of the present invention. - '

Fig. 10 is a preferred embodrment of the Mam Assembly Embedded processor software
data-ﬂow dragram (DFD), of the apparatus of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

~In a preferred embodiment, the apparatus of the present invention comprises novel, state-- .

of-the-art, electronic musical apparatus, while being imbued collectively with desirable
characteristics from existing percussive instruments, including the now generic
conventional acoustic steelpan and in this process, catalyses the evolution of the

aforementioned acoustic instrument to another level.

The apparatus of the present invention is a distinctly innovative, electronic musical

concept, which borrows characteristics from existing percussive instruments including the
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-conventional acoust1c steelpan In particular, the appearance of the instrument is quite .

similar to that of the traditional tenor steelpan, havrng the same general concave
hemispherical shape upon Wthh note bearlng surfaces, a minimum of 36 or three octaves,
are placed. The 1nstrument is played in percuss1ve mode as musical sound is generated by
striking said note bearmg surfaces “called muzi-pads, that are designed to emulate the

note generat1on characteristics of the trad1t10nal steelpan in Wthh timbre varies

_ dependlng on. where notes are struck Sound is produced by internal - or external

synthes1zers ut11121ng the MIDI protocol on standard MIDI, Ethernet, 'Flrew1re or USB
physical layers. ‘ : - o . _

The apparatus of the present invention utilizes state-of-the-art electronics to provide
extensive controls that facilitate reconﬁguration_of instrument characte'ristic's, note layout,
being the arrangement of notes assigned to muzi-pads and voice emulation. The
electronics is also used to empower a “tutor mode” in which a MIDI. stream from an
_1nternal or external source is used to turn on hght elements placed on or near the muzi-

pads to indicate the next note or comb1nat1on of notes to be played

* Reference is now drawn o Fig. 1 which shows a top level schema of the apparatus‘of the -

present invention. -

The top level schema 1 of Fig. 1 is a conceptual model of the apparatus of the present

~invention that provides a template for a workable design of the apparatus of the present

invention. As a top level schema, it does not make specific reference to hardware or
software subsystem realizations but is confined to conceptual processes that are required

for the functionality of the present invention.

The schema uses the Gane-Sarson convention whereby data transforming processes are
represented by oblong shapes, data storage areas are represented by open sided rectangles
and input and output interfaces by closed rectangles. Data movement is indicated by

arrows.

The schema 1 is divided into three main sections: playing surface inputs section 2 which
includes all interfaces used by the player to generate and modulate the musical notes

required for a performance and are by far the most visible user interface objects on the
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present invention, ‘additional interfaces section 4 that incorporates all other interfaces
reduired for further interaction with the user," as well as the external environment and,
finally, the main operational processes section 3, that links the playing surface inputs
section 2 to the additional 1nterfaces section 4 and therefore mcorporates all of the

processes requlred to transform 1nputted data to produce all requrred outputs h

It should be noted that different embodiments of the apparatus of the »present invention
can, realrze the main operational processes 3 of this schema completely in hardware,
completely 1n software or in any combination of the two In this regard, the same

reference numbers are replrcated m other Flgures in the document that refer to hardware

. or software perspectlves of the same entity.

The inputs encapsulated in the playing surface inputs section 2 include the muzi-pads 18

whrch are struck by the player to produce the musical notes that comprrse the

: performance piece, the preset pads 19 that can be set up to rapidly select pre- programmed

conﬁguratlons of the instrument and the foot pedals 20, 21 that facilitate modulation of

any note that is currently berng played

380
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_ln addrtion the present 1nventron 1nputs user selected conﬁguratron data’ and commands_

- from the control & display console 23 as well as from a variety of sources that are

summarily referenced in Fig.1 as the I/Q ports interface S in the Additional Interfaces

section 4.

The /O ports interface 5 facilitate MIDI input, configuration data and commands from
remote sources. These remote sources include wired or wireless MIDI networked
equipment such as MIDI controllers and wired or wireless ‘commercial computer

networks. MIDI and wireless MIDI ports are included in all implementations. -

In the apparatus of the present invention each muzi-pad 18, has a light emitting device
affixed in close proximity to or directly upon said muzi-pads 18, with one light emitting
device per given muzi-pad 18. The collection of light emitting devices is summarily
referred to in what follows, as a LEDA 22 being an abbreviation for Light Emitting
Device Array. For ease of reference in all Figures the LEDA 22 and the light emitting

devices will bear the same reference character in what follows.
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The LEDA 22 is used to provide an indication of notes in a user seieéted MIDI command
stream, _which originates either directly from the muzi-padS-IS, from an external MIDI
source, or from a MIDI song file stored on the present invention. The LEDA 22 therefore

facilitates music education using the apparatus of the present invention.

System interface outpufé of the présent invention ‘are-alsp summarily referehced in Fig. 1
as the /O ports intérfacé 5 and include the control & display console 23 for di_éplay of
syStem status and configuration data, the LEDA 22 and the internal sound module 7.
External system _outputs_' of the present invention are directed through the VO port
interface 5, for connection to remote sourées s.uch-as ’wir'ed or wiréless -MIDI_netwdrked

equipment such as MIDI sound modules and wired or wireless commercial computer

" networks.

A variety of /O Port standards are supportéd. All instruments of the present ini(ention
feature DIN standard MI'DIv ports to support the standard MIDI' serial transmission
protocol. However, the preferred embodiment also includes USB and Ethernet ports for

MIDI as well as general purpose interface requirementé.

In the primary functional mode, data originates from the playing surface inpﬁts section 2
and are transmitted to th¢ main oberational processes section 3 where it is packaged to
conform to General MIDI Speciﬁcations.- This information is thg:ﬁ transmitted to at least
one of the I/O Ports 5, the LEDA 22 or internal sound moduié 7 componénts of the

additional interfaces section 4 for output.

Inputs from the muzi-pads 18 are directed to the Activated Muzi-pad Validation, ID and
Level Detection process 9. This is a dedicated process that detects, identifies and
validates the current muzi-pad that has been struck by the user. Muzi-pad 2 identification
is by way of a unique assigned ID number as shown in Table 1, for example. Validation,
which includes threshold detection and debouncing, ensures that the system is not forced
to respond to spurious and erroneous inputs. Level detection is provided to reflect the

intensity with which said muzi-pad 18 has been struck through force or velocity sensing.
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Inputs from the pedals 20, 21 and preset teuch pads 19 are respectively directed to the
Activated Pedal Validation and D process 8 and Activated Preset Validation and ID
process 10. These are dedicated processes that detect, identify and validate the actual
pedal or preset 1nput that has been activated by the user Pedal and preset input
identification i is by way of a unique ID number assigned toa pedal or preset. Vahdatlon
which includes, inter alia, thresheld detection and debouncing, ensures that the system is

not forced to respond to spurious and er_r(')neous' inputs."

The outputs of the.Aetivated Pedal Validation and 1D process 8, the Activated Preset
Validation and ID ‘process 10 and the Activated Muzi-pad Validation, ID and Level
Detection process 9 are transmitted to the MIDI String Builder precess 11. This process is

respons1ble for packagmg the data received into a data stream that conforms to the

- General MIDI protocol reflecting the value and attrlbutes of the note that has been struck.

The MIDI data stream is then transmitted 1to the System Control and Cenﬁguration
Process 12 that routes the stream to the output ports in the I/O Ports module 5 or to the
Internal Synthesis process 13 or to the Record and Playback proeeSS' 14. The user can

configure ‘the Systerr_'lfControl and Cehﬁguration process 12 to route the data sﬁeam to

: any or all of the paths identified.

The Internal Synthesis process 13 provides an interface between the System Control and
Configuration process 12 and the internal sound module 7. In this regard it is also used to

manage and access sampled sounds in the tone bank 17.

The MIDI Data Record & Playback process 14 facilitates the capture, storage and replay
of MIDI sequences generated by the player. In this regard, the MIDI Data Record &
Playback process 14 accesses songs in the Song Bank 15 and includes a metronome to
facilitate performance timing. In addition, the present invention allows the pIayer to

download MIDI files through the I/O Ports interface S for storage in the Song Bank 15.

The Song Bank 15 and Tone Bank 17 are partitioned into internal fixed memory and
external removable memory; the latter can be implemented in any of the standard formats,

including Secure Digital, Smart Media or USB Memory Keys. Computer software,



465

470

475

480

490 -

495

WO 2009/054821 PCT/TT2007/000002
15

‘packaged with the present invention, allows the player to store MIDI files as well as Tone -

Bank 17.sound files, from a computer on the removable memory device.

"The SyStem Control and Configuration Process 12 is also used to set up other

configuration parameters for the present invention, through user interaction with the

Control and Display Console-23 or from remote sources, including computer networks,

“via the /O Ports interface 5. The System Control and 'Conﬁguration Process 12 stores

these parameters in the Configuration storage memory 16 of the present invention..

Conﬁgmation parameters include, inter alia, music performance parameters such as the
physwal layout of notes on the playlng surface 25, muzi-pad 18 note assignment, note
voice, APHAMS MIDI address extemal device MIDI channel and patch numbers I/Oi-,v
port selection, Internal Synthesis 13 actwatlon MIDI Data Record & Playback process 14
actlvation selectron of the current song in the Song Bank 15, selection of tone in the

internal synthes1s Tone Bank 17 and Control and Dlsplay Console 23 features.

The MIDI output command stream generated by the MIDI Strmg Bullder 111 in response.
to a str1ke on a srngle mu21-pad 18, would typrcally consist of the MIDI Note On
command, 1mmedrately foll_o_wed by a MIDI Note Off command. The MIDI Note
Velocity data that is‘to be included in the MIDI Note On command, is determined by one
of a plethora of methods. The preferred method uses the muzi-pad 18 trigger level, '

- measured as a pointer to a look-up table of velocities.

485

The software that implements much of the structure of Fig 1, also enables a vast range of
capabilities in the creation of sound, by providing a range of algorithms used by the MIDI
String Builder 11. o ' ‘

For example, to implement ‘the aftertouch feature -described in the standard MIDI
protocol, MIDI command streams would consist of the MIDi Note On command, which
would then be followed by a MIDI Aftertouch command, that would be repeated at
regular intervals, typically every 100ms until the mallet or stick pressure on the muzi-pad
18 is removed. Subsequently a MIDI Note Off command would be sent. MIDI Aftertouch
commands continuously communicate the note and note velocity while the note is

playing. This capability therefore enhances the musical performance by allowing the
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player to modify the intensity of a note by varying the pressure of the stick on the muzi-

pad 18 during a strike.

In éddition, the apparatus of the present invention readily implements, through the

software that enables much of the structure of Fig. 1, a single stick chord feature whereby'

~ selected mu21-pads 18, trlgger the genera‘uon of selected chords bemg comprised of

510

515

520

525

530

multiple notes in the same V01ce ora mu1t1 -voice capability, whereby selected muzi- pads

18, tngger the generatlon of multlple v01ces in the same note.
505 - | | '

- The design of the muzi-pads 18 facilitates the generation of subtle variations of tone,

whereby the second and third harmonic can be enhaﬁced, by striking different sections of
the relevant muzi-pad 18. This design facilitates the emulation of a Similar‘ characteristic
on a traditional steelpah instrument that is harmonically tuned, whefeby the player can

emphasize the second or third partials by strikihg the edges of the note areas. It requires

that each muzi-pad 18 be equipped with three individual sensors that are used to trigger,

through the MIDI String Builder 11, three separate MIDI commands, corresponding to
the respective note and its first and second harr_nohic, with each strike of the muzi-pad 18. |

More details_ of this design are described below.

"The preferred embodiment of the design described ‘must satisfy one key performance

objecti\}e. It must have the lowest possible performance latency this being defined as the
maximum delay in the primary function of the start of generétion.of an output MIDI
stream at the selected I/O Ports in respo_nse to a trigger generated by. the striking of a
muzi-pad 18. This ensures that the apparatus of the current invention does not
significantly eontribute to the degradation. in real time performance, by adding to the
delays that exist in the internal sound module 7 and any external devices to which the

present invention is connected. .

The preferred embodiment of the apparatus of the present invention as described, obtains
the lowest possible latency while achieving maximum design flexibility and user features,
by partitioning the. pfocesses identified in Figure 1 into sections that are to be
implemented in hardware, or in software and interconnecting the two with interrupt

driven processes.
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Spec1ﬁcally, as they- provrde the interface to ‘the player in regard to the primary
performance function which requires real time detection, validation and measurement of
.the striking action on the mu21-pads 18, the Activated Preset Validation & ID process 10,
‘the Activated Muzi-pad Validation, lD & Level Detection process 9 and the Activated
Pedal Validation & ID process 8 are all largely 1mplemented in analog and digital
hardware. All other processes required for the generation of MIDI data streams are

1mplemented in software.

Typically, then, when the player strikes a muzi-pad 18, the.aforementioned hardware

components identify the muZi;pad l8,'validate the signal to eradicate the possibility of

-error due to . spurious inp'uts and measure the intensity of the strike. The software

components are then alerted to the occurrence of the strike event by use of the 1nterrupt _
facilities on the processmg devrce used to 1mplement said software. These software

components subsequently input data from the hardware modules so as to identify the

struck pad as well as the intensity of strike. Apart from the implicit and required timing .

L functions of the processing device used in the apparatus of the present invention, muzi-

550

555

560

pad 18 and preset pad 19 1nterrupts are placed at the highest priority thus ensurmg the

. fastest poss1ble response to a strike event..

The c(')mputing power required to implement all software processes can be realized from
an embedded processor an array of such processors either as separate hardware or part of
an FPGA or ASIC core. Digital hardware components can be reahzed on an FPGA or

ASIC core as well.

Prototypes that have been constructed using the XILINX Spartan 3 FPGA and .the
PIC18F652O embedded processor have attained latencies of less than 500 ps. According
“to. the Complete MIDI 1.0 Spemﬁcations published by the MIDI Manufacturers
Association, MIDI systems can achieve an overall MIDI latency of 3 ms or less. It is
known at random, that typical commercial MIDI controller and synthesis devices have
latencies of no more than about 5 ms and, as such, when used with said commercial
devices, the overall latency of the apparatus of the present invention, being the delay
between striking a pad and actually hearing the corresponding sound, would be no more
than 5.5 ms, substantially less than the 10 ms maximum limit recommended by the

Complete MIDI 1.0 Specification.
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Reference is now made to Figs. 2, 3, 4 and 5 which provide illustrations of the physical

form of the preferred embodiment of the present invention.

In particular reference now to Fig.2, a top level schema, a preferred embodiment of the

apparatus of the present invention comprises three main physical components, namely:

' (a) the main assem‘bly_ 24;
‘ (:_b)‘the control & display console 23 and;

(c) the mounting stand 27.

The main assembly 24 of said apparatus, consists of a playing surface 25, mounted upon a
chassis, the main assembly chassrs 26 The playing surface 25 i is comprised of an array of -~

mu21-pads 18 physically arranged in concentrrc rings, with twelve muz1-pads 18 perring -

~ and three (3) or-four (4) rings per array.

Each muzi-pad 18 has a light emitting‘ device 22 affixed as shown in Fig. 2 in close

proximity to or drrectly upon the mu21 pads 18, with one light emlttlng device 22 per

- ' mu21-pad 18. Sa1d light emitting devices therefore make up the LEDA 22

The main assembly 24 is also used to house eleetronic circuitry that'takes iripdt from the -
muzi-pad 18 array, foot pedals 20, 21, external inputs as well as the control & display
console 23 and uses these inputs to dutput the MIDI out signals, control signals for the
LEDA 22 and control & dispiay console 23 display signals. The main aéserrrbly' 24 also

houses a rechargeable battery that facilitates complete portability of the present invention.

Again in reference to Fig. 2, the BEGIN pedals of the present invention, includes foot

. pedals 20, 21 that can be used to modulate the generat_ed sdund. Commercially available

pedals that utilize potentiometers or any other technology that provides continuously
variable electrical voltage output of pedal position, can be used thus facilitating their
application as a volume control or as a pitch bend wheel. Said foot pedals can also be
employed as switches by establishing a threshold voltage that indicates when the pedal is
pushed past a predetermined point. For the preferred embodiment the threshold level will
correspond to a point that is half-way of the travel of the pedal.
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Through options provided in the software that operates the apparatus of the present
invention.any of the foot pedals '20 21 can be conﬁgured by the user to generate a Variety‘
of effects. When the conﬁgured pedal is depressed the apparatus of the present invention
can generate any one of a sustain effect whereby the current note is held indefinitely, a
damp effect, whereby the current note is 1mmed1ately damped, a switch for synchronizing
the start and end of a stored rhythm sequence or a user déﬁnahle,préset svyitch; : In

addition, the foot pedals can be used for volume control or a pitch bend control. .

The sustam effect is 1mplemented by sendmg the MIDI Hold Pedal command between» ‘

,MIDI Note On and MIDI Note Off commands once sa1d pedal is depressed. The damp

effect - is implemented by_1mmed1ately sendmg a MIDI Note Off when said pedal is

~ depressed. Similarly, the,‘volume effect is implemented by sending the MIDI Volume-

command followed‘ by'a data byte value, that is determined by the pedal ,position and

- pitch bend control is implemented by use of the MIDI Pitch Wheel command, followed
by data bytes indicating the level of pitch deviation as determined by pedal position of

END pedals.

' The BEGIN playing surface 25 is typically a concave semisphe»rical shape. Other playing -

surface 25 shapes are possible mutatis mutandis, _,bu't the preferred concave shape, as

| pertains for the traditional instrument, as its surface is within the envelope defined by the

maximum reach of the average height thuman thus allowing for easy reach to all muzi-

- pads 18. Said surface is therefore desirable for its ergonomic characteristic which

facilitates smooth performance in a musical environment, in which performers are prone ~

. to repeated stress injuries.

The preferred embodiment uses a playing surface 25 with a maximum depth in the range
7.5 inches / 19.1 centimeters to 10 inches /25.4 centimeters and a widthfrom 18 inches /-
45.72 centimeters to 26 inches/66.04 centimeters. These dimensions facilitate comfortable
access to all vmuzi-pads in the usual performanc_e mode in which the apparatus is
positioned in front of the player for all but the shortest or tallest players. The playing
surface 25 can be constructed from a variety of materials including wood, plastics,
fiberglass, composites and metal and could be augmented with structural support

mechanisms consisting of ribs and battens to increase strength and rigidity.
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Muzi-pad recesses 33 facilitate the placement of said muzi- -pads 18 in such a manner that
said muzi-pad 18 surface seamlessly merges into the playing surface 25, thereby
providing a smooth appearance of said surface. This not only provides for excellent

emulation of the surface of the traditional steelpan but also facilitates performance by

" minimizing the risk of the player being impeded as would be the case if said muzi-pads

18 were not smoothly mergedinto the END playing surface 25.

In reference to Figs 2 and 5, the playlng surface 25 also features preset touch pads 19
which, when actlvated triggers the operatlng software to conﬁgure the present invention

with a set of features as pre-selected and a551gned to said preset pad 19 by the player. ‘

 The preferred embodiment caters for four preset touch pads 19. The physical pads shown

in Fig. 1 can be activated by touch, or by striking with the same mallet used to play the

: present invention and are of are of similar construction and operati‘on to the muzi-pads 18.

However as they are used purely as sw1tches force and Veloc1ty sensing of preset pad 19

1nput is not required as for the muzi-pads 18.

The preferred embodiment of the inyention also provides virtual preset pads which are

special areas displayed on the control & display CQn_sole 23 touch screen and which, when _

activated, triggers the operating software to configure the present invention, with a set of

- features as pre-selected and assigned to said virtual preset pad by the player.

655
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The operating software also enables any preset pad, physical or virtual, to be programmed

by. the player by manually configuring the desired setup of the present invention and

subsequently selecting a “save configuration to preset” bop_tion in the user customization

menu displayed on the control & display console 23.

Furthermore, by using preset groups,.the operati_ng software of the present invention
allows for saving of a greater number of configuration settings, than there are physical or
virtual preset pads. Each preset group is a unique, separate and complete collection of
assigned settings of all physical preset pads 19 and virtual preset pads. With this feature,
any single physical preset pad 19 or virtual preset pad, can be used to access as many
configuration settings as there are groups instead of just one configuration setting as

before.
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With the preset groups, selection of pre-pro grammed settings tzvould now proceed, by first
selecting the relevant preset vgroin and subsequent activation of the required physical
preset pad 19 by str1k1ng the desired preset pad 19 with the playing stick, or tapplng them
with the ﬁnger or of the requlred virtual preset pad, by touching the portlon of the touch

screen ass1gned to this purpose.

The preferred embodiment of the present invention provides a total of at least twelve
preset pads, 'comprlsing four physical preset pads 19 and at least eight virtual preset pads,
all arranged 1n at least two groups thus allowing for rapid access to a total of at least
twenty four pre-programmed conﬁguratlons of the present 1nventron during a
performance, as each of the twelve presets can now access one of two pre-configured

settings.

In reference to F1gs 2 and Fig 5, the light ernitting devices 22 may consist of neon bulbs,
incandescent bulbs, Light Emitting Diodes (LED) or other light emitting devices or a

combination of these technologies. LEDs are the preferred "mode of implementation due

~ to their low cost and higher power efficiency.

In -the preferred ‘embodiment, the LEDA 22 can be activated or de-activated by user
configuration of the operating software of the present invention. When de-activated all
light emitting devices in the LEDA 22 are switched off. When activated, the LEDA 22

operates in either a diagnostic mode or a tutor mode, as selected by the user.

In the diagnostic mode, each light emitting device 22 ﬂashes once for each impact on the
muZi-pad 18 with which it is associated. In the tutor mode the light emitting devices in
the LEDA 22, light to indicate which rnuZi-pads 18 are to be struck in response to a MIDI
stream, that is either an input from an external device, via the MIDI .network to which the.

present invention is connected, or from internal memory storage.

The inclusion of the LEDA 22 as described facilitates music training in a variety of ways.
The apparatus of the present invention or an external MIDI device, could be configured to
send.one MIDI track, for example the lead or melody track of a recorded performance, to

the LEDA 22 while the background tracks are played on a given sound system. This
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allows a leamer to play musrc on the apparatus of the present 1nvent10n usmg MIDI

generated accompamment The most rigorous 1earmng env1ronment would involve the

| use of preferred tra1n1ng software runnmg ona MIDI enabled computer to fac1l1tate the

' range of END LEDA drrlls and exerc1ses requlred

N The BEGIN Control Console as shown in F1gs 1 to 4 of the present 1nvent10n features a’

, .-_ control & dlsplay console 23 that accepts mputs for user conﬁguratron of the mstrument '

710
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’ and equ1pment on any MIDI network to whrch the present invention is connected and ‘

prov1des for a w1de range of user—ﬁlendly functlons 1ncludmg pad customlzatlon voice

selectron keypad mapping, transpos1t1on simultaneous synthesrs of multiple VOlCCS

MIDI channel, MIDI bank note number note octave number and tempo mformat1on

o Inputs can take the form of physrcal tactlle Sensors, buttons or switches, or v1rtual buttons

or. swrtches as drsplayed ona touch screen.

‘ The control & dlsplay console 23 also provrdes a Vlsual dlsplay of menu optlons and’

- status’ and conﬁguratlon settmgs of the present invention..

In addrtlon the apparatus of the present mvent10n allows for dlstnbuted 1mplementat1on

of said control & d1splay console 23, whereby different aspects of ‘the funcnonallty of

said control & dlsplay console 23, can be distributed around the playmg surface 25t0 . -

facilitate easy access. For example phy51cal buttons and sw1tches can be placed in and
around the play1ng surface 25, whrle a display screen can be retamed in the pos1t10n as -
shown in F1gs 1 to 3. In the preferred embodlment said control & d1splay console 23
mtegrates_ all r_equlred func_trons into a single a touch-sensitive dlsplay module as shown

in Figs;l to 3. The physical shape of the control console is not limited to that illustrated in

the Figures.

In addition, in the preferred embodiment of the apparatus of the present invention the
control & display console 23 can be folded and retracted into a recess, the control &

display console recess 32, located at the rear of the main assembly 24.

Said control & display console 23 menu navigation features, allows the user to navigate
though the menu displayed on the electronic visual display to select the required options

of the END Control and Display Console.
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On the BEGIN Mounted -Stand, belng its expected normal appli‘cation the present -

" invention will be. played with the user in a standmg posrtron To this end, the drmensmns

shown in Flg 2 factor in ergonomlc consrderatrons for user helght reach and access to the -
control features of the present 1nvent10n such as the mu21-pads 18 and control & d1splay -

console 23.

In addltlon the helght of the playing surface 25 mounted on the ma1n assembly 24 can be A

- adjusted by using mlmmum effort to rotate same on the mountmg stand lockmg h1nge 30 _ |

Moreover at’ any glven height adjustment the att1tude of the mam assembly 24 can be

adjusted usmg the rocker arm/attltude lock assembly 29 detarls of which. are shown in

. F1g 4. Sa1d rocker arm/attltude lock assembly 29 comprises a rocker arm support. 34 that -

1s used to attach the attitude lock 36 to the marn assembly 24 through the rocker arm 45
housed in the rocker arm/attltude lock assembly 29. The rocker arm 45 is mounted ona
rocker arm beanng 35 attached to the attitude lock body 42 thus facilitating free rotation
of the main assembly 24, once the rocker arm/attltude lock assembly 29 is in an unlocked

- position.

The attitude lock 36 is comprised of a ratchet 37 and pawl 38 which is held in a locking
position by a spring 39. Bracmg pins 40 are used to attach the spring 39 to the centre of
rotation of the rocker arm 41 and the attitude lock handle 43. Said handle is hlnged on the

attitude lock handle pivot 44 and is used to lock and release the pawl 38 from the ratchet -

37. The entire rocker arm/attitude lock assembly 29 is prevented from rotatrng by firmly )
attachmg the attitude lock body 42 to the mountlng stand 27.

‘Pulling said handle upward dlsengages said pawl 38 from sa1d ratchet 37 allow1ng free

 rotation of the mam assembly 24 which is firmly attached to the rocker arm 41. The - N

attitude of said main assembly 24 is then locked in the selected position by simply
releasing the attitude handle lock 43. This allows the spring 39 to pull the pawl 38'b‘ack
into its locking position against the ratchet 37. This design minimizes the risk of a user
accidentally releasing the lock mechanism during a performance as the mechanism

described can only be unlocked by forceful upward motion of the attitude lock handle 43.
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A counterwerght 41 placed on the main assembly chassis 26 at a pornt that is closest to-

the player to ensure that the marn assembly rotates by default towards the player when the

rocker arm/attrtude lock assembly 29 is released. In addrtron to the sprrng 39 this further -

ensures that sa1d ratchet 37 and pawl 38 are fully engaged when the mechanrsm is in the
locked position, thus essentially eradrcatrng the p0351b111ty of accrdental rotation of the

main assembly 24 towards the player.

Furthermore although the marn assembly 24 can be rotated away from the player by_ '

- srmply pushrng the part of sard main assembly 24 that i is furthest from the player, the

counterwelght 41 reduces the rrsk of sard rotatlon occurrrng acc1dentally by ensuring that

' the force requrred is more than would be experrenced when mu21-pads 18 located ﬁlrthest' '

away from the player, are struck durrng a normal performance. '

_The curved design of the mountmg stand 27 provides a. degree of aesthetlcs whrle' .

facilitating necessary movement of the present invention during vigorous performance. -
This emulates the playing ‘environment of the traditional steelpan where the natural

movement of the 1nstrument whrch is usually freely ‘suspended, enhances the dynamlc :

_ appeal of any performance

'Apart from its role in physically supporting the main assembl}i' 24 and the control & -
display console 23 in the present .inventi_on,-the‘mounting_ stand 27 provides the function

of a docking station to provide mains driven power, MIDI- and general network

- connectivity to the said invention through a detachable connector pod 28. The power -

supplied through the connector pod 28 is also used to recharge a battery in the main.

assembly of the instrument.

The present invention can be ’used ‘without the mounting stand 5 hy/ detaching the

connector pod 28 and main assembly 24. Thrs allows the panmst to utilize the present )
1nventlon on other user- supplred stands and supports and also to perform in a fully
portable mode Whlle in motion by supporting the apparatus of the present invention from
the neck using a strap, as occurs with the traditional steelpan, or from the torso using a
suitably designed brace. In the latter case, MIDI signals are transmitted to a MIDI (sound

module and sound system by way of an integrated wireless MIDI END Mounting Stand..
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Muzi-pads 2 are spec1ally de51gned surfaces that include a trigger mechanrsm namely the

BEGIN Muz1pads for the generation of a desired note. The trigger mechanrsms are

electronic sensors, that generate a 51gnal when the muz1—pad 18 is played with an

appropriately srzed mallet stick, or other such similar playmg 1mplement The mu21-pad '

‘_sensors 59 will also detect 1mpacts from the hands and ﬁngers Details. of the muzi-pad 18

- de51gn and layout are 1llustrated in Figs: 6 and 7.

For convemence and for clarlty of commun1cat1on muz1-pad 18 rings are laid out and '

o ‘numbered as shown in F1g 6 from 0to NR-l where Ny is the number of nngs In the

815

| preferred embod1ment NR =3 with the outermost ring belng desrgnated as Rlng#O 46 the' o

inner nng as Ring#1 47 and the innermost nng as Ring#2 48.

‘i In add1tlon muz1-pads 18 carry an 1dent1f1er of the form Rxx where R is the r1ng number

L and XX is a two- drgrt number code that is a dec1ma1 1nteger in the range zero (00) ‘to

820
| " 46, 100 to 111 on R1ng#1 47 and 200 to 211 on R1ng#2 48

825

1830

835

~ eleven (11). In the preferred embod1ment of the present invention the numbers in the_‘ o

number code increase sequentially in a counter clockwise direction; however, it is

| possible for the sequence to be reyersed so that the code numbers increase in' the .

counterclockw1se d1rect1on The identifier numbers are therefore OOO to 011-on R1ng#0 E

_' - Table 1 which is shown below lists two note layouts for the muzi-pads 18 correspondlng _

to the cycle of musical 4ths and 5ths note layout and the chromatic note layout‘
respectively. Thep default layout follows the cycle of mus1cal_,4ths and 5Sths. In any of

these layouts each ring is assigned to a musical octave that is selected by the user. The

| ~ preferred embodiment of the present invention provides octave ranges as-'designa'ted byits

~ standard octave number ‘in scientific pitch notation, ie. from Octave 0, Cy to ‘Bo, to

Octave 7, C; to B;. The C-note is automatically set as the lowest note in the selected

.octave range and therefore assigned to the ROO muzi-pad 18 of the respective ring.

Note assignments are stored in RAM in a note allocation table that can be accessed by the
user through user interface options presented on the control & display console 23 thus

allowing the player the ability to change the note layout to any arbitrary configuration.
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Pad . |Ring#0 -] 000 [ 001 ] 002 | 003 | 004 [ 005 | 006 | 007 | 008 [ 009 | 010 | 011

Number |Ring#1 100 [ 101 | 1027|103 | 104 [ 105 [ 106 | 107 | 108 | 109 | 110 | 111

 {Ring#2 200 | 201 [ 202 | 203 [ 204 | 205 | 206 | 207 | 208 | 209 [ 210 | 211

Assigned | 4ths andSths clglIpD{AJE][BJ[F|C[A|E][B]|F

Notes {Chromatic C||D|E|lE|F|[F]G[A]|]A]|B|B
. Table 1

, 'Fig 7 provides perspective views of a prefer'red embodiment :of ‘said’rnuzi-pad 18 of the

' apparatus of the present invention. It should be noted that a w1de vanety of muz1-pad 18

shapes and contours are poss1ble ‘Fig. 7a prov1des a ‘top V1ew 49, of one preferred
embodrment of the muzi- pad 18 that has a curved surface contour surface. F1g 7b and
Fig. 7c prov1de respectrvely an’ exploded front view 50 and a bottom view 51 of said

'preferred embodrment

Said ’muzilpads,_18 are compri_sed'of electronic se'nsors59, called muzi-pad sensors 59,
attached’to a contoured shell the muzi.-pad shell 53 made 'from‘sheets' panels plates, or;
th1n blocks of metal, plast1c other SOlld synthetlcs glass wood or any other such solid
matenal The mu21-pad shell 53 is covered on top by an 1mpact ﬁlter pad 54 and is

attached on the bottom _to a frame, the muzi-pad frame 52.

~Saidrhuzi-pad shell 53 is thin enough andrigid enough SO as to allow enough of the

energy nnparted to it to be transmltted to the muzi-pad sensors, 59, that generate the

trigger signal to be used by the processmg circuitry - of the present 1nvent10n to be later

described. A ‘wide variety of muzi-pad shell 53 Amatenal and geometry and sensor
technology exiSt ‘that ensure proper and reliable triggering of said muzi-pad sensor 59.

Prototype 1mplementat10ns using 0. 63 cm/0.25 in PVC materlal for said muzi-pad shell

53 and ceramic Plezo-electrlc transducers for sa1d muzi-pad sensors 59 have been qu1te

successful.

The top surface of said muzi-pad 18 is covered with an,impact filter pad 5'4. made of foam
or rubber or other suitable compliant material. In the preferred embodiment the material
would have a Shore A hardness in the range 70 to 90 and should be of thickness of no
more than 0.63 cm/0.25 in. Said top‘ surface would be the part of said muzi-pad 18 that is

struck with a solid mallet to generate the musical sound.
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The 1mpact ﬁlter pad 54 made may be omitted as desired. When omitted, the tip . of the
playlng stick or mallet should be covered with a suitable comphant materral to minimize
1mpact noise and surface damage to said mu21-pad 18. In the preferred embodlment sald"
_compllant mater1al would have a Shore A hardness between 70 to 90. Although not .

necessary, ‘omission of the 1mpact ﬁlter pads 54, renders the present 1nvent10n more

' sensmve and is partrcularly useful if the player w1shes to play the apparatus of the present

1nvent10n with the hands or ﬁngers ‘

- In the 'preferred embodiment of the present invention said muziQpad shell §3 is affixed to

a frame, the muzi-pad frame 52. Said frame strengthens said muzi-pad 18 thus increasing
its resistance to.flexure from acoustic stimulation thus reducing the pos‘sibility of the

sensors being inadvertently'triggered‘ in environments with extremely high sound pressure

- levels. The structure of said'-muzi-pad 18 and the materials used for its construc'tion must

880

be such that mu21-pads 18 are not tnggered by external sounds when exposed to sound

_levels at the top rim of the apparatus of up to 120 dBSPL, the generally accepted

maxrmum sound pressure level tolerable by the average human, and in the frequency

range 15 Hertz to 15, 000 Hertz the typical range found in musical performances

The muzi-pad frame 52 also increases muziépad 18 resistance to vibrations borne by the -
playing surface 25 structire. This reduces the possibility of crosstalk; ,yvhereb'y" a muzi-
pad 18 is inadvertently triggered when another is struck or When_the playing surface 25 is

' inadvertently struck. Muzi—pad 18 resistance to playing surface 25 struCtural.vibrations is

further reduced by the use of vrbratlon absorbing mounts 55 to- attach said mu21-pad

frame 52 w1th1n said muzi-pad recess 33

Fig. 7¢ also shows said rnuzi-padvsensors 59 attached to the underside of said muzi-pad

18. Each muzi-pad 18 can carry one or more sensors. Said muzi-pad sensors 59 as used N

on the pads, can take a variety of forms that allow for the measurement of impact Vel0city'
and force. The type of sensors that could be used for this purpose includes, inter alia,

piezo-electric, Hall, strain gage and resistive sensors.

Sensors with frequency responses down to 0 Hertz (DC) facilitate the note sustain effect
when constant static pressure is maintained on the muzi-pad 18. These include sensors

such as Hall effect sensors, strain gage sensors and flexible resistor sensors. Said sensors
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have ‘the disadvantage of requ1r1ng DC power for their operatlon and a consequent
increase in power consumption and wiring. Piezo- electrrc sensors do not respond down to -
Zero Hertz but have the advantage of bemg able to generate high output levels while not
requirlng DC power for their -operation. They also have the advantage ‘of bemg more-

respons1ve to fast tran51ent effects and are therefore generally better sulted to detect the‘ _

~ - impacts characterlstlc of percussrve perfonnance

Fig '7c also shows said muzi-pad interface electronic. circuit board 60 which, " in ‘the
preferred embodiment, is mounted on said muzr-pad frame S2. The function of sa1d
electronic circuit is to 1nterface said muzr-pad sensors 59 to the rest of the electronlcs of

the present 1nvention prov1d1ng 1mpedance buffermg, ﬁlterlng and amplificatlon

* functions as necessary. The,des1gn and compl_exrty_ of the optional muzr—pad'18 electromc

circuit on said muzi-pad interface electronic circuit board 60, would vary depen'ding on .

the type of sensor used However the des1gn and fabrrcatlon of such 1nterface c1rcu1ts 1is

well known to those skrlled in the art of desrgmng electromc systems

For example the preferred embodiment of the present 1nvent10n utrlrzes Piezo- electrlc :
sensors with muz1-pad interface electromc crrcuits 60 each of wh1ch nnplements a Field -
Effect Transrstor (FET) source follower circuit for 1mpedance matching of the very high
impedance ‘of said 'sensor,' typicallv‘ as high as 100 Megohms‘or‘..more,"to the low -

impedance_ input of the processing circuitry of the present invention to be later described.

“The source follower design is well known to those skilled in the art of designing “

electronic systems and is _therefore not an inventive step. However, for ‘the sake of

completeness, a sample circuit, shown in Fig. 7d, will now be described.

Figure 7d provides shows an implementation of one part of muzi-pad interface electronic. |

circuit 60 to which a muzi-pad sensor 59 is connected at inputs 60a and 60b to generate

 buffered outputs at terminals 60f and 60g. The circuit uses a single low-leakage FET 60c,-

such as the 4117 JFET, in a source follower conﬁguration. The gate resistor 60d biases
the gate at ground potential while quiescent current flowing through source resistor 60e }
biases the source above ground, thus establishing the reverse gate-source bias required for
linear operation. Voltage fluctuations at the input terminals 60a and 60b appear at the
same level at the output terminals 60f and 60g thus giving a circuit gain of one. However,

as the source resistor 60e has a value that is typically no more than a few kilohms, much
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smaller than the resistance of the gate resrstor 60d Wthh would typlcally be in the range

20 megohm to 100 megohm the -output rmpedance is much smaller than the typlcal_ _‘

values- specrﬁed for Prezo electrlc transducers Said c1rcu1t is powered by a posrtrve DC

supply apphed to termmal 60h.

Reference is now again,made to Fi‘g. '7a‘which shows ‘the top view. 49 of the prefe_rred o

errrbod'rrnent of saidrnuzi-pad 18 as seen by the player. o

- Muzi- pads 18 1ncorporate an array of strike zones to create .a more. realistic effect‘

whereby the timbre of the note produced by sa1d muzr-pad 18 is varied slightly when - "
drfferent parts of said mu21 -pad 18 is struck In the preferred embodiment of the present -

invention this varlable trmbre feature is 1mplemented using three strike zones

h F1g 7a shows the locatron of the strlke Zones 56 57 58 ona preferred embodrment of a

mu21-pad 18 It should be noted that in the apparatus of the present invention, strike zones

are not vrslbly obvrous and that the areas in Fig 7a are marked for drscussmn purposes

- only. .

Sensors in the prrmary strrke zone 56 are placed in the centre of said muzi-pad 18. The

' remalmng ‘strike ‘zonés are called secondary stnke zones 57, 58 that con51st of 7
~ circumferential strike zones 57 and radial stnke zones 58. Sensors on the c1rcumferent1al ,
. strike zones 57 are placed along the extremltles of said muzr-pad 18, that are closest to
the concentric circles that bound the sector of the annulus in whrch said muz1-pad 18 is
. placed Sensors on the radial strrke zones 58 are placed along the extremities of the muzi-

| pad 18 that are closest to the rad1a1 lines that bound the sector of the annulus in which

said muzi-pad 18 i is placed.

The present invention- 1mplements the vanable tlmbre feature by treatrng the prrmary

‘ strlke zone 56 the circumferential - strike ‘zones 57 and the radial strike zones 58 as .

| separate muzi-pads that are played in three-note polyphony when said muzi-pad 18 is -

struck. To emulate the variation of timbre experienced in most traditional steelpans,
sensors in the primary strike zone 56 are used to trigger the note to which said muzi-pad
18 is assigned while sensors in the circumferential strike zone 57 are used to trigger the

note one octave above that to which said muzi-pad 18 is assigned and sensors in the radial
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strike zone 58 are used to trlgger the note that is one octave above the ﬁfth above the note -

that to Wthh said muzr-pad 18 is assrgned The fundamental frequency- of said note that is- -
one octave above the ﬁfth above the note a551gned to sa1d muzr-pad 18 corresponds to the

third harmomc of the note to Wthh sa1d muzi-pad 18 is as51gned

: bThe Variable timbre option inﬂuences the Adesig’n of said 'muzi-pad'interface' electronic ,

c1rcu1t 60." In partlcular sa1d mu21-pad 1nterface electronic . circuit 60 must now

o 1ncorporate three separate sub- c1rcu1ts as shown in Fig. 7d, one mdependent sub crrcuit '

980

for each of the strike zones 56, 57, 58. The crrcuitshown in Figure 7d would now realize -

one partof _said'rnuii-pad interface electronic _circuit 60 to which a muzi-pad sensor 59 or . |

‘a parallel cornbination of "muzi-p'ad" Sensors 59 in a singie strike zone 56, 57, 58 is ’

connected at inputs’ 60a and 60b to generate three 1ndependent buffered outputs ,

corresponding to terminals 60f and 60g

‘With the described'conﬁguration and implementation' the levels of each of the notes that -

R are consequently tnggered by sensors in the cucumferential strike zone 57 and sensors in

985

990

995

1000

the rad1a1 strike zone 58 would vary dependmg on the actual location. of str1ke on the :

'relevant muzi-pad 18 It i is, however, essent1a1 that sounds trlggered by the pnmary sensor

27 always dominates that of the Sensors in the secondary strlke zones 28, 29

A plethora of approaches exist for- ach1ev1ng the required domlnance of the primaryb

sensor 27, 1nclud1ng the physrcal reductlon 1n sens1t1v1ty of the sensors in the secondary
strike zones 28, 29 by way of appropriate ‘installation, or ‘attenuation of the electronic

signal generated by these sensors. In more advanced irnplementations, the location of the

| ‘actual strike can be estimated from the outputs of the various sensors on said muzi-pad 18

and this information used to determine the relative levels of the polyphonic components

| triggered by 'said ‘muzi-pad 18. .Fuzéy logic algorithms can be used to facilitate

implementation of this approach.

In the preferred embodiment of the apparatus of the present invention, dominance of the
sound triggered by the primary sensor is obtained by implementing two user adjustable
parameters in the operating software. The first is the secondary sensor attenuation factor
(SSAF) that is a global variable that is applied to the trigger levels measured from sensors

in the secondary strike zones 57, 58. The second is the maximum secondary sensor
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velocity (MS SV) that specrﬁes the maximum MIDI note velocrt1es of the octave and third ‘
harmomc notes triggered by the sensors in the secondary stnke zones 57,58 as a fractlon

of the MIDI note velocity of the note generated by the pnmary strike zone 56.

Said operatmg software in- sard apparatus of the present: 1nvent10n measures the outputs N

of the two sets of sensors in the secondary strrke Zones 57 58 If sensor ‘output levels.
from these two zones are w1th1n ten to thlrty percent of each other stored varlables :

correspondrng to. each of these sensor._output values are zeroed thus - effectlvely-'

' suppressmg the variable timbre effect Otherwrse the stored Varlable correspondmg to the

sensor with the smaller output Value is zeroed ThlS approach ensures that nelther of the -

'notes triggered by the two sets. of sensors is played if the secondary Sensors receive

roughly the same amount of energy from the stlck 1mpact therefore localrzmg the vanable

timbre effect to the immediate v1crmty of . the secondary strike zones 57, 58. It also . V

ensures that no more than one of the notes: trlggered by the two sets of sensors in the

secondary strike zones 57 58 i 1S generated

The secondary sensor output Values are subsequently multlplled by the SSAF and the
correspondmg MIDI velocities determined. Contemporaneously the MIDI Velocrty of the *

note generated by the primary strike zone 56 sensor is determmed If the MIDI veloc1ty of

‘any of the notes tnggered by the secondary strike zone 57 58 sensors is greater than the .

MSSV multrphed by the velocity of the note triggered by the prrmary strike zone 56, they
are automatlcally limited to a value obtamed by multlplylng the MSSV by the Veloc1ty of -

the primary strike zone 56 sensor.

The variable timbre feature is automatically'disabled for all muzi_-pads that are assigned

- to percussion instrument voices such as drums and cymbals, as well as for special effects.

Although the variable timbre feature targets more advanced users, it is'als_o beneficial to
all players as the tonal variations create a more natural environment by more closely
emulating the feel of the traditional acoustic steelpan. The inclusion of various strike |
zones 56, 57, 58 also improves the natural character of a perfonnancewhen voices other

than the steelpan are selected.
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Said muZl-pads 18 can be - of ,arbitrary size, shape or color. However, for reasons :
described below the preferred embodiment of the present invention asﬁgnS the physical '
attnbutes of size, shape and color to assist the player in the dlfferentlatrng notes on the

Aplaylng surface 25.

In this regard itisto 'be noted that whereas the linear arrangement of notes on’ musical _

keyboards such as planos allow for easy drfferentratlon and 1dent1ﬁcatlon of notes, such is - -
_ not the case when notes are la1d out in a concentnc crrcular fashron as obtains with the '

3 current apparatus The circular layout makes it difficult to qulckly identify notes 1f the

beglnnmg or end of a partlcular rrng cannot be qu1ckly differentiated. In addrtron as seen
in Fig. 6, ring circumference reduces as one moves towards the centre of the playlng ”
surface 25, forcmg the size of said muz1—pad 18 to be also reduced as one progresses from _

ng#O 46 through Rlng#l 47 to the i 1nner ring, R1ng#2 48.

All rnuzi—pads 18 used on the apparatus of the present invention may be of the same size;

however the preferred embodiment employs Varratrons 1n the combination of shape, color

and size of said muzr-pads 18, so as to prov1de visual cues to eliminate the confusmn that

vanses when a pannist hasto quickly identify the notes laid out in c1rcu1ar fashion. -

_As obtains on the traditional acoustic steelpan, variation in the Surface area of said muzi- ‘

pads 18 in accordance with note pitch is used to prov1de a visual cue of the ass1gned note -
to the player. Thus said mu21-pads 18 associated with lower frequency notes are larger in
size than those allocated to hlgher frequency notes. Due tothe electronic character of the
present 1nvent10n sa1d muzi- pad 18 note sizes, need not be pre01sely calculated as is the .
case of the tradltronal steelpan. In addltlon the number of size variations can be
substantially reduced, thus reducmg the cost of manufacture by d1v1d1ng an octave into -
an integral number of dlstmct chromatic clusters. For the purpose of this docurnent said
clusters are deﬁned to be groups of notes that form a contlguous subset of the chromatic

scale. A single note size can then be assigned to each chromatic cluster. '

The number of chromatic clusters required for effective application in regard to provision
of visual cues for note identification depends on the actual note layout used. A chromatic
note layout requires that said muzi-pads 18 assigned to chromatically adjacent notes

should be also physically adjacent, except for said muzi_pads 18 with number codes zero
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(00) and eleven (11) at the star_t and end of each ring. As_ such’a minimur_n of twelve -
different muzi pad 18 sizes'are absolutely required for said chromatic layout. In’prac'tice,

the maximurn of thirty six different sizes will be required'to implernent all three octaves.

On the'other hand, tests have shown that a layout using the cycle of musical '4ths and -

~ Sths, the default on the current invention, . can be effec‘uve w1th as few as three (3) muzi-

pad 18 s1zes based on three (3) chromat1c clusters of four. (4) notes The effectlveness of
this approach is due to the fact that no two physically adjacent muzi _pads 18 wrll have

the same size. In th1s regard on any given nng, all muz1 -pads 18 allocated to notes C, ¥,

D and E® would be allocated the largest s1ze mu21-pads 18 allocated to notes E, F F# and '

1080

1085
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G would have a common smaller size, and mu21-pads 18 allocated to notes G# A, Bb and -.

~ B would have a common smallest size.

: The phys1cal shape of said muzr-pads 18 can be varied to further augment the s1ze .-

~ variation strategy to assrst in note 1dent1ﬁcatlon In thls regard successful apphcation of

the strategy would requ1re that 1o two adJacent mu21-pads 18 in the same ring would have

the same shape. As many as twelve (12) dlfferent shapes would then be utihzed for this -

~ purpose. However, it is p0551ble to achleve the same degree of note differentlatron With a

,smaller number of distinct shapes thus fac111tat1ng manufacture  at lower cost. For' .
example, two (2) different shapes ¢an be alternated as one progresses around a g1ven r1ng -

Altematlvely, as described for the strategy of - 51ze variation, a unique shape can be -

, ass1gned to each chromatic cluster resultmg in ]ust three distinct shapes belng used on

each r1ng as shown in Fig. 6.

* In addition, the size variation and shape variation strategies for note differentiation can he

’augm'ented by a varying color/shade scheme. The most logical color scheme would utilize
increasingly lighte_r. colors with increasingly higher note pitches, with | o_ne unique
color/shade- cornbination‘ per note.- This approach can be applied to all notes on the E
APHAMS, in which case a minirnum of 36 color/shade cornbi_nations is required, or to a
single ring with the color pattern being repeated on all rings in which case only twelve

color/shade combinations would be required.

An alternative scheme would require that one unique color be allocated to all notes in any

given chromatic cluster, instead of individual notes resulting in a minimum of three colors



1105

1110

1115

* same chromatic cluster labeling applies to all rrngs.

1120

1125

1130

WO 2009/054821 PCT/TT2007/000002
34

if the same color scheme is repeated on all rlngs and a maximum of nine distrnct colors if .

distinct color schemes are applred to each of the three nngs in the preferred embodrment
The preferred embodiment - of the present invention -utilizes muzi_pad 18 physical :
attrrbutes to provrde Vrsually, cues for note d1fferent1at1on as follows. and as shown in Fig ‘

6 and Table 2

'Notes are assigned to said rn'uzi-pads 18 'using the circle of musical 4ths and 5‘ths Notes -_

| ‘are grouped in three’ chromatlc clusters labeled CCO CC1 and CC2: for convenience. In

each rmg, the four notes C C# D and E° are allocated to CCO the next four notes E, F; F#
-and G are allocated to CCl and the last four notes in the octave G#, A Bb and B are
allocated to CC2. These notes are ass1gned to muzi- pads 18 as detalled in Table 2. The

" The same unique physical attributes of shape and color are applied to a given chromatic
cluster,-CCO, CC1 or CC2, regardless of actual ring location. In addition, all four muzi-
pads 18 'associated with notes in any given' chromatic “cluster have the same unique

physrcal attnbutes of shape size and color assoc1ated w1th that chromatic cluster.

A However on any given nng, each chromatrc cluster has its umque and drstrnct srze ’

““attribute with size monotonrcally decreasmg from CCo through CC1 to CC2. In addition,

for any given chromatic cluster, size decreases monotonically from Ring#0 46 to Ring#2

48 A R -

Pad Ring#O 000 | 001 | 002 { 003 | 004 | 005 | 006 | 007 | 008 | 009 | 010 | 011

| Number [Ring#1 | 100 ] 101 [102 | 103 | 104 | 105 [ 106 | 107 | 108 | 109 | 110 | 111
Ring#2 200 | 201 [ 202 | 203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | 211
Assigned Notes (4ths/Sths) | C [ G |'D | AJE | B | F |[C [ A |E | B | F
Chromatic Cluster —Jccolccr|ccolcczcci|cczfcci|ccofccz|ccojcc2|cct|
Table 2

Speciﬁc reference is again made to Fig. 6. -

In the preferred embodiment, said muzi-pads 18 are sized by assigning them to a unique

sector of an annulus with size as determined using the following formulae:

a,+o +o, =90
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and - 4
Po+,01+,02 D/2 ,

where po, P, and P2 are the respective radial lengths that deﬁne the radial length of the.

annuli occupiedby mu21-pads _18'1n Ring#0 46,‘_ Ring#1 47 and R1ng#2 48, oy is the |

- central angle subtended by the section of annulus occupied by muzi pads 18 assigned to

notes m CCO, o is the central angle subtended by muzi-pads 18 a551gned to notes in

CCl, ap is the central angle subfended by muzi- pads 18 assrgned to notes in CC2 These -

:parameters are further 1llustrated in Flg 5.

The relationship between o, @i, and @, is defined by @, =r,a@, and @, = r,a, where rig

_ and>r20 are ratios chosen on the basis of note frequency The relationship between pb-, pj, .

and P2 is deﬁned by P = qlopo and p1 2P where q10 and qzo are ratios again chosen -

'.'onthe basis of note frequency.

For the preferred embodiment of the current invention. ratios ripand ryg are determined as
_rlo =ry=2! 13 Which corresponds to the ratio of the average frequen01es of notes asmgned

to any pair of adjacent chromatic clusters such as CCO and CC1 or CC1 and CC2 and

qlo = q20=2, which corresponds to the ratio of the average frequencres of notes ass1gned to :‘ L

o any pair of adjacent rings, that is Ring#0'46 and Ring#1 47 or Ring#1 47 and Ring#2 48.

1155

1160

1165

Visual cues for‘synthesized voices that do not have definite musical pitch such as

rhythm1c percuss1on 1nstruments and special effects and which 1ncluded for example,

gongs, hand- claps, drum sets ‘are provided by placing an appropriate icon that is

)representatlve of these voices in close proximity to said relevant muz1—pad 18. ‘For'

example, one can use an image of a pair of hands as an icon of a hand clap special effect.
These icons are moveable, thus facilitating flexibility in user assignment of percussion

instruments to said muzi-pads 18.

Reference is now made to Fig. 8 which shows the block diagram of the preferred
embodiment, of the main assembly electronic circuit 31 of the apparatus of the present
invention. The block diagram follows the Gane-Sarson convention whereby data
transforming processes are represented by oblong shapes, data storage areas are

represented by open sided rectangles and input and output interfaces by closed rectangles. |
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Data movement is indicated by arrows As the Fig. 8 isa hlgh level representatlon of an
electronic circuit, critical control mformat10n is also represented -In thls regard the

dxagram vanes shghtly from the Gane Sarson conventlon

Although Fig. 8 i is. somewhat unconvent10na1 in its 1llustratron of an electronic crrcurt it-

: prov1des a far ‘less. confusing dlsclosure of the electromc hardware of the present

mvent10n than would the conventlonal electronlc c1rcu1t dlagram The varlous blocks * .

referenced in Fig. 8 do not represent 1nvent1ve steps and are known to those skllled in the .

art of electronics. _

The main asSemblyelectronjc circuit 31 provides the following fu‘nctiions: .-(1) Pad signal
ﬁplte'ring to eliminate erroneous outputs from: said muzi-pad 18 array and foot pedals 20,

21 ,(2) Real time identification of the pad number' of said muzi pad 18'that is struck, (3)

o --.pReal t1me measurement of the force w1th Wthh the. 1dent1ﬁed pad has been struck (4)

1185

1190

1195

1200

~ Real time . mappmg of pad numbers of activated mu21-pads 18 to a list of user

programmable charactenstlcs associated w1th the identified pad (5) Composrtlon of the -

‘MIDI stream requlred for output, (6) Transmlss1on of the MIDI stream, (7) Activation of .-
the LEDA 22, (8) Interface with the control & display console 23, (9) Overall system '; ,

» management functions for proper operation of the apparatus of the pr'esent invention.

The main assembly electronic circuit 31 of the present invention, consists of the Main
Assembly Interface Circuit 63, the Main A'ssembly Embedded Processor 68, System
Memory 71 which incorporatesall memory elements requrred for system operation save
for the Tone Bank memory 70, Internal Sy_nthesizer 69, Tone Bank Memory 70 which
fully realizes the JT’one bank Mémory module 17 in the top level schema 1 and the '

. External Interface Module 72.

The Main Assembly Interface Circuit 63 provides signal conditioning functions for the

inputs from said muzi-pads 18, the preset pads 19 and pedals 20, 21 on the playing

 surface 25 and provides the resulting conditioned signals as inputs to the Main Assembly

Embedded Processor 68. The aforementioned signal conditioning functions are described
in more detail below. The Main Assembly Embedded Processor 68 also takes input from

the MIDI wireless and wired ports, as well as the control & display console 23, to



1205

1210

1215

WO 2009/054821 PCT/TT2007/000002
37

‘generate the MIDI w_ireless and wired output signal_s, visual feedback system signals to -

‘ the‘_ LEDA 22 and control & display console 23 display signals;

The outputs of sa1d muzi- pad 1nterface electronlc cxrcu1t 60 located on each such muzi-

pad 18 are d1rectly connected o the main assembly electromc c1rcu1t 31 usmg removable'

‘ connectors thus fac111tat1ng replacement and repa1r of 1nd1v1dual muzr-pads 18.

Connectlon 1s drrectly to the Peak Detector and Trlgger module 33 of the ma1n assembly

electromc c1rcu1t 31

‘The Peak Detector & Trrgger C1rcmtry 61 takes 1nput from the sensors on the mu21-pads :
18 and outputs a trrgger pulse that is fed to the Debounce and Blanking Logic module 62 .
to indicate’ that the relevant pad has been struck, and the peak of the signal level that is
1nputted to an Analog to’ D1g1tal Converter array (ADC array) 64 to prov1de an 1nd1cat1on '

~of the force of impact of the stnke on said relevant mu21-pad 18.

There are three Peak Detector and Tngger C1rcu1tr1es 61 for each such mu21-pad 18, one .

' for each group of sensors in each of the prrmary strike zone 56, the c1rcumferent1al strike A

1220
” Peak Detector & Trlgger C1rcu1try 61 the des1gn and operation of which i Is known to

1225

1230

zone 57 and the rad1a1 strlke zone 58
Fi'giur'e"-9 shoWS‘.a 'schenlatic of a‘rudi'r'nentary. ‘circuit that can be used to implement the -
those skllled in the field of electromcs

One of the three outputs of said muzi-pad interface electronic circuit 60 located on each

such muzi-pad 18 is connected to the input terminals 6la, 61b. Positive voltages

generated . on said muzi-pad interface electronic circuit 60 charge the capacitor 61i .

_ through the ,diode 61g. The diode 6‘1g ensures that charges thus stored in the capacitor 61i -

do not flow in the opposite direction, that is, back to the input source, when the voltage on

 the latter drops below that on the capacitor 61i. Alternatively, it ensures that negative

going voltages generated by said muzi-pad do not discharge the capacitor 61i. The series
combination of diode 61g and capacitor 61i therefore ensure that the capacitor is charged

to the peak input voltage.
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Re51stor 61h ensures’ that the capac1tor is dlscharged on the next strike of said muz1-pad "

18 The value of this resistor is chosen so that the capac1tor is sufficiently discharged in

50 ms thus allowmg the detector to trap the peak values of strikes occurrlng at speeds of
up to 20 strikes per second which is known to be greater than. the fastest measured speed

at Wthl'l a conventlonal drummer can roll. The SOms penod also allow’ sufficient t1me for =

the ADC to convert .the analog peak value to its digital equ1valent The peak value is- " -

, outputted across the termmals 61c 61d.

It is known that in the normal mode of play whereby the 1mplement used to’ strike sa1d _ 1

B mu21-pad 18 is hfted 1mmed1ately after 1mpact said mu21-pad 18 would generate a.-

1245

1250
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-v\damped oscﬂlatory response to a smgle strike Such an output could also be generated by L

‘the natural tendency of the 1mplement to bounce on said muzr-pad 18 surface just after

| 'the first 1mpact It is also known that the there will be some modes of play whereby the o

user: would attempt to hold the playmg 1mplement agamst said muzi- pad 18 1mmed1ately ‘

" upon the first impact. In this case the output response ‘would be a smgle transient pulse T

To ensure mmlmum delay ‘between the first 1mpact and the generation. of a Voltage o

_ representatwe of the peak force of 1mpact at the output of the Peak Detectlon & Trigger i
' C1rcu1try 61, 'sensors 59 on said mu21-pad 18 are. connected to the Peak’ Detectlon &

- Trigger C1rcu1try 61 in such a manner S0 as to ensure that the ﬁrst peak i in the output -

response 1s.always positive. In the preferred embodiment, the material and constructlon

 of said m_uzi-pad 18 must is such that this response is signiﬁcantly damped at a time of no

‘more than 25 milliseconds after a stick impact. In addition, successive peaks in the output '
response to a single str1ke should be no more than 20 milliseconds apart. These times as
spec1ﬁed are selected so as to ensure that each strike is detected when the player rolls the .

playmg 1mplements on any such muzi-pad 18 at or below the rate of 20 strikes per second

: Wthh is known to exceed the max1mum measured roll rate by profess1onal drummers .

The capacitor 61f and series resistor 61j form a high pass filter that emphasizes the sharp '
transients in the input signal due to the strike on said muzi-pad 18. The filtered signal is
inputted to‘one arm of a comparator 61m to which is applied to the other input a reference
voltage generated by the potential divider chain formed by resistors 61L and 61k. The
comparator output therefore generates alpositive pulse when the filtered input value

exceeds the reference value. The trigger pulse is outputted across terminals 61e and 61d.
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Both the trlgger and peak detectlon sub crrcurts of the Peak Detector & Trlgger Clrcultry
61 are used for sensors in the primary strlke zone 56. For the SEnsors 1n the: secondary :

strike zones 57, 58 the trtgger circuit of the Peak Detector & Tngger C1rcu1try 61 is not

A © used. However the peak detector circuit of the Peak Detector & ,Tr1gger Circuitry 61 1s'

1275

1285 - -
| ' Contemporaneously W1th the pad number encodmg, a trrgger activation signal is outputted

" by the Deébounce and Blankmg Logic 62 to the ADC Select and Trlgger Logic module 65.

1290

1295

1300

| “used to indicate the 'eXCitation levelsoutputted vby' these sensors when said muzi-pad 18 is

struck.

| The Debounce and Blankmg Loglc module 62 is used to vahdate the occurrence of a |

"stnke by ehmmatlng the aforementloned parasrtlc effect of multlple pulses generated by‘

 the sensor in response toa single strike. Wrthout the Debounce and Blanking Loglc 62,
» these multlple pulses could easily be erroneously mterpreted by the fast processmg R

1280

electromcs in the mam assembly electromc c1rcu1t 3lasa multiple stnke This module is

“not requ1red for sensors such as Hall effect sensors, that inherently feature a debounce

capab1l1ty but w1ll none the less function if this switch technology is used. The output of
the Debounce and Blankmg Loglc 62 is fed to an Encoder Log1c module 66 that encodes'
the relevant pad number for input to the Main Assembly Embedded Processor 68 ‘

Said module outputs a signal to start the data conversion process in the ADC array 64.
Said array contains‘an ADC that will be selected by the Debounce and- Blanking Logic 62
to convert the analog value of the peak helght to a digital word This information is
encoded on the data output - of the ADC in the ADC array 64 for 1nput to the Main
Assembly Embedded Processor 68. ’

The Interrupt Generator Logic 67 monitors all Analog-to;Di;gital Converters in the ADC .

array 64 for completion of their respective data conyersion cycles and signals the Main
Assembly Embedded Processor 68 to access the identity of said muzi-pad 18 that Vyas |
struck from the output of the Encoder Logic module 66 and to read the corresponding
digital word representing the force magnitude of the strike from the relevant Analog-to-

Digital Converter in the ADC array 64.
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: The Interrupt Generator Loglc 67 takes 1nputs from the end-of-conversion output ﬂag of

Analog-to Drgltal Converters in- -the ADC array 64 and generates an interrupt request to. - -

the Main Assembly Embedded Processor 68 Sa1d Processor is programmed to 1dent1fy ., :

. said mu21-pad 18, preset pad 19 or pedal 20, 21 that has been activated and to read the

data values correspondmg to sa1d muzr-pad 18 output peak value or pedal 20 21 output as.. )

necessary..

After the Mam Assembly Embedded Processor 68 reads the output of the selected Analog |

to Drgrtal Converter in the ADC- array 64, it sends an acknowledgement to the Interrupt. o

Generator Loglc 67 wh1ch then clears the end- of- —conversion output ﬂag of Analog-to-‘

D1g1tal Converters in the ADC array 64. It then transmits MIDI commands through the -
External Interface module 72 to approprrately conﬁgured MIDI devrees connected to the -
I/O Ports interface 5. In the preferred embodiment of the apparatus of the present |
‘invention the I/O Ports’interface'iS would implement a wired‘MID‘I OUT port and a MIDI

_The generated MIDI stream can also be directed to an Internal Synthe51s module 69 that .

s fac1htated by 1mplementatron of Tone Bank ‘mémory 70 on standard removable :

memory, such as Secure Digital (SD) or Smart Media (SM) cards oron a USB memory o

key.

O Ports 5 on the present mvent10n support connection to external devices usmgi
standard MIDI, USB, Firewire and Ethernet protocols. Wrreless MIDI is also featured. |
These inherent characterrstrcs not “only allow for optrmal ﬂex1b111ty 1n MIDI
_communrcatlon but also facilitate the download of performance materlal 1nclud1ng MIDI

sequences and tone banks as well as software and firmware upgrades for 1t1nerant

: players The latter fac111ty, in partrcular allows the apparatus of the present invention to

be adapted to new MIDI protocols as they are pubhshed by the MIDI Manufacturers, '

Assocratlon

Except for minor changes, the Main Assembly Embedded Processor 68 operates on inputs
from the pedals 20, 21 in similar fashion as for said muzi-pads 18. In particular, for

pedals 20, 21 with continuous analog outputs, said outputs are fed directly to an Analog-
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to- D1g1tal Converter in the ADC array 64 Thls will apply, for example to pedals 20 21

that are capable of such outputs and are conﬁgured as volume controls

In addrtron the peak detector c1rcu1t of the Peak Detector & Tngger module 61 is -

replaced by a non- 1nvert1ng un1ty galn buffer ‘the desrgn of which is known to those'

skilled i in the art of electronic des1gn The output of thls buffer is connected to the ADC

array 64 to provide an indication of pedal actrvat1on when the pedal 20, 21 is used asa

volume control or as a p1tch wheel The tr1gger 01rcu1t of the Peak Detector & Tngger :

module 61 provides a tr1gger output that s1gnals that when the pedal has passed a preset’ -

reference point along 1ts travel This point is determrned by the reference value set by the_ '

potent1al d1v1der network formed by resistors 61Kk, 611 in F1g 9

Except for minor changes the Mam Assembly Embedded Processor 68 operates on preset |

- . pads 19 in 51m11ar fash10n as for said muzi-pads 18 except that there are no connectrons to

the ADC array 64 nor is the peak detector c1rcu1t of the Peak Detector & Trigger modile -

- 61 utilized. Only the tr1gger c1rcu1t of the Peak Detector & Tr1gger module 61 is utlhzed

to 1nd1cate the occurrence of a preset pad 19 str1ke

The LEDA 22 is driven by the LEDA Control Modulef‘73 which takes as ‘its input MIDI

" data strearns tran"smitted by the Main Assembly Embédded Processor 68. Selection of the

specific light emitting device in the LEDA 22 that is to be activatéd is determined from

note information embedded in the MIDI stream and the user programmed configuration

of said rnuziépads 18 that maps said muzi-pads 18 to notes. The MIDI stream source can .
be internal, as generated by said muzi—pads'.18 when in diagnostic mode, or external, as
generated by another MIDI device on the wired or wireless MIDI network when in tutor

mode.

Logic modules in the Main ‘Assembly Interface Circuit 63 can be implemented using any
available digital electronic technology, including Field - Programmable Gate Arrays
(FPGAs) Appl1cat1on Specific Integrated Circuits (ASIC), or an array of embedded
processors. The preferred implementation utilizes an FPGA with embedded processor
cores to implement all aspects of the Main Assembly Processor 68 as well as the Main’

Assembly Interface Circuit 63 except for the Peak Detector & Trigger module 61 and the
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- ADC array 64. This facilitates-processing speed andthe_refore low latency at reasonable

cost. -

‘The Mam Assembly Embedded Processor 68 software data flow dlagram 74 (DFD) of -

Fig. 10, employs the Gane- Sarson conventlon whereby data transformmg processes are .

, represented by oblong shapes data storage areas are represented by open s1ded rectangles
and mput and output mterfaces by closed rectangles Data movement 1s md1cated by
‘arr_ows ‘ ' ' '

1375 .

The Actlvated Pedal Valrdatlon & D processes 8 the Actlvated Mu21 pad Val1dat1on ID

& Level Detectlon 9 and the Actlvated Preset Valrdatlon &1ID 10 shown in the top level o

. schema 1 of F1g 3 are 1mplemented in the Playmg Surface Interrupt Handler process 75

in the Mam Assembly Embedded processor software DFD 74 of F1g 10

" The MIDI Strmg Bullder process 11 in the top level schema 1is d1rectly 1mplemented as-

the . MIDI Command Generator 79 in the Mam Assembly Embedded processor software_

,DFD 74 ofF1g 10

Software components of the Internal Synthesis process 13 in the top level schema 1 are

, embodred in the Internal Synthesrs Process 88of Fig. 10.

The various tasks of the System Control and Conﬁguratlon process 12 shown in the top

level schema 1 of F1g 7 are distributed between the System Control Process 86, 1/O

) Interface Process 87 Preset Loader Process 77 and the LEDA Controller Process 84 in

the Mam Assembly Embedded processor software DED 46 of F1g 10.

The various tasks in the' MIDI Data]»Recor'd & Playback _Process 14 in Fig. 1 aré .
implemented in the Record_& Playback Process 81 and MIDI Timer Process‘80 in Fig.

The Configuration 16 data storage for the present invention, shown in the top level
schema 1 of Fig. 1 is distributed between the System Settings memory 85, Preset
Configuration memory 76, Muzi-pad Configuration memory 78 and I/O Port

Configuration memory 83 elements in the Assembly Embedded processor software DFD
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46 of Fig. 10. The Tone Bank Memory 17 and Song Bank Memory 15 shown in the top -
level schema 1 of Figure 1 are directly realized as the Tone Bank Mer_nory 70 and Song ‘
Bank Memory 82 in the Assembly 'Embedded.'pr'ocessor software DFD 46 of Fig. 10.
The Plajring Surface Interrupt Handler process 75 is activated by the Interrupt Generator '

Logic 67 in the main assembly electronic circuit 31. This' s1gnals the ava1labll1ty of new

1nterrupt is rece1ved the Playing Surface Interrupt Handler process 75 1dent1ﬁes the source :

- of the interrupt as e1ther the preset pads 19 or said muz1—pads 18 us1ng the data presented

‘by the Encoder Loglc 66. The use of 1nterrupts facilitates fast and rehable capture . and ;

processmg of pad strike events

If the source of the 1nterrupt is 1dent1ﬁed as the preset pads 19, the number of the }

~ activated pad is obtamed from the preset number data output from the encoder 38.

1If the source of the interrupt is identified as a muzi-pad 18, the Playmg Surface Interrupt
Handler 75 1dent1ﬁes the note struck by reading said muzi-pad number data output from
the Encoder Logic 66 in the main assembly electromc circuit 31. It then samples the note |
level by reading the output of the ADC array 64 It then obtains the number of any pedal
.20, 21 that is. depressed by readlng the pedal 20, 21 number data output from the encoder
38 in the main assembly electromc circuit 31. F1nally, it reads the output of the secondary :
sensors in said relevant muz1-pad 18 correspondmg to the crrcumferenual stnke zones 57

and the Radlal strike zones 58.
All of this data is then communicated to the MIDI Command Generator process 79.’

The MIDI Command Generator 79 constructs MIDI command data streams based on the
1nformat1on received from the Play1ng Surface Interrupt Handler 75 using current
conﬁgurat1on data in the Muzi- pad Conﬁguratlon memory 78. The data in this area is
arranged as a programmable matrix that maps each muzi-pad 18 to a user specified
assignment of note properttes including, inter alia, note, voice, MIDI channel SSAF and .
MSSV. Capabilities such as variable timbre, chords and mult1 -voice settings are also

accommodated in the MIDI Command Generator 79.
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"The Muzi-pad Conﬁgurationstorage.memory 78 accepts data from the Preset Loader
process 77 or the System Control process 86. The System Control process 86 stores data

in the Muz1-pad Conﬁgurat1on storage memory 78 based on user ‘input from the Control:

‘ & Dlsplay Console It also populates the Preset Configuration memory 76 w1th preset

’ conﬁguratron data for each numbered preset as determmed by the user. The Preset Loader

process 77 is. respons1ble for retnevmg the mu21-pad 18 data stored in the Preset

‘Conﬁguratlon memory 76 correspondmg to the preset number 1nformat1on transmitted -

,from the Playmg Surface Interrupt Handler 75 and wrrtes the data into the Muz1-pad
Configuration memory 78. This facrhtates the automat1c and dynamre reconfiguration of

the system.

_MIDI command data streatns are then forwarded to the /O _Interface" process 87, _which
transmits‘ ',these MIDI ‘-'co'mmands through.on bone: or more channelsm ‘the'.I/t) ports
interface 5. The role of the /O Interface process 87 is to format the MIDI stream for'_
transmrss1on through whatever output channel i is selected by the user MIDI output from

the o Interface process 87 can also be dlrected to the Internal Synthes1s Process 88, or .

the LEDA Controller process 84. The /O Interface process 87 uses 1nformat10n in the /O

: Port Conﬁgurat10n memory 83 to. 1dent1fy MIDI IN and MIDI OUT channel numbers

selected by the user and to determine if the 1ntemal synthes1zer 69 and/or the LEDA 22
are to be disabled: e e -

The LEDA Controller 84 process is responsible for_controlling the ON/OFF status of each
light emitting device 22 on the playing' surface 25. It accepts input from the playing
“surface 25 or from the current MIDI IN port through the I/O Interface process 87 The

| LEDA controller obtains its operatmg status from the System Settmgs memory 85. “This

_status 1ncludes its active state ON or OFF, Whether it is in Tutor or Diagnostic mode and

the source of the MIDI data stream as internal or external via the active MIDI port.

The System Control process 86 uses the Control Console Menu Manager, to input and
display current confrguration settings of the present invention. The Control Console Menu
Manager process 89 controls the interactive display and user input on the control &
display console 23. In the preferred implementation of the present invention, the user

interface implements a page based menu structure as hereinafter described.
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The Record & Playback process 81, when actlvated by the user, stores MIDI stream data'»
along with t1me stamp 1nformatlon from the MIDI timer process 80 in the Song Bank'
memory 82. Songs stored in the Song Bank 82 can be retrieved by the Record & Playback "

process 81 for playback ‘through by the I/O Interface process 87. The I/O Interface -
| process 87 can also blend the playback MIDI stream from the Record & Playback-‘ :

process,81 w1th new.MIDI stream data generated by the user from the_mu21-pads 18 on
the playin_g‘-surface 25. This allows a player to lay down a beat track, for example, which
can then be replayed as accompaniment. The MIDI Timer process 80 is also used to .

implementa metronome feature through the Internal Synthesis proceSs 88.

. ~ The Record & Playback process 81 is also used to retrieve rhythm MIDI sequences from .

1480

1485

1490

1495

1500

the Song Bank 82. In this regard, ‘the Song Bank 82 is partitioned mto four sections (a) ‘

: User programmable Song Storage which facilitates the storage of user generated or user

downloaded sequences as descnbed above (b) User programmable Rhythm Storage
which operates 51m11arly as the user programmable Song Storage section but is .

specrﬁcally 1dent1ﬁed for Rhythm patterns (c) APHAMS Song Storage where predeﬁned

: sequences are stored and which cannot be erased by the user and (d) APHAMS Rhythm’

Storage Where predeﬁned rhythm sequences are stored and Wl’llCh cannot be erased by the

user.’

The electronic hardware 'and Aso\ftware subsystems described above for the apparatus of
the present invention empower the implementation of a plurality of capabilities that can

be accessed through the system menu as presented on the control & di_splay console 23.

ReferenCe is now made to Table 3, ‘Table 4 and Table 5 below which provide a typical 'list

“of the user selectable options’ available for the present invention. The preferred

embodiment would 1mplement these optlons as a page based menu displayed on the

control & display console 23.
Said menu is depicted using a nested structuré, of the form:.

Item 1{Item a {Item I, Item II}, Item b}
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whereby submenus of a menu 1tem hrgher up in the’ hrerarchy are enclosed in curly -

brackets. Menu 1tems shown in bold are actually 1mplemented as top level menu items

elsewhere in the menu structure: and can therefore be accessed 1ndependently In the
example Item a and Item b are sub-menus of Tteml with Item a 1nclud1ng submenus Item '

I and Item II.

.-.When a given user enters a new category on the menu, the current setting is drsplayed asa

startmg point. An EXIT prompt is avallable to save or cancel the selections made ‘The .
orlgmal values are restored if CANCEL is selected These are common to all menu items’
and are not shown in herew1th1n Tables 3,4 and 5. An optlon is prov1ded whereby a menu_r» _
is exrted if there is no input for a trme determmed by the user; the default is set to 10

seconds All menu conﬁguratlons are saved on power down in nonvolatlle memory

In additi'on there is a RING SELECT subrnenu item that appears throughout the structure -

and which facrlrtates the appllcatlon of all appropnate settings listed at the level where it

‘ appears to a spec1ﬁc ring, by selecting ng#O 46, Ring#l 47 or Ring#2 48, or
. simultaneously to all rings, by selecting ALL the system default This fac1l1tates the

1mplementatron of a spl1t feature whereby each rmg may have its own mus1cal range or

VOICC

The top level of the menu structure provides for four main groups of options (a)
PLAYING SURFACE, (b) TONES, © SYSTEM CONFIGURATION and (@
RECORD/PLAYBACK

The PLAYING SURFACE menu 1tem has four submenus RING SELECT RANGE
LAYOUT and SAVE TO PRESET

: If ALL is selected in the-RING SELECT sub-menu the RANGE submenu allows the user

to set the lowest note for the entire apparatus. This is allocated to muzi-pad 18 000. The
notes on the inner rings will then be automatically set an octave higher for Ring#1 46 and
two octaves higher for Ring #2 48. The submenu caters for all eight octaves
corresponding to any one CO, C1, C2, C3, C4, C5, C6 or C7. If individual rings are
selected in the RING SELECT submenu, the RANGE submenu sets the lowest note on
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the selected rmg For the current 1nvent10n thls will always be a C note correspondlng to

- mu21-pad 18 RO0, where R is the r1ng number ,

‘The LAYOUT submenu facilitates the selection of note layout styles. ‘The selections

~ provided are 4ths and 5th5' chromatic and custom. The custom selection facilitates

‘arbltrary assrgnment to each 1nd1v1dual mu21-pad 18 a unique note spec1ﬁed by octave '

number spanmng octaves 0to 8 and note spanmng Cto B.

s The. SAVE TO PRESET submenu allows the user to save current settlngs in the '

PLAYIN G SURFACE menu, to one of several physical and virtual presets The user must '
1545

select a- preset group and a. preset number correspondrng to any one of the v1rtual or

" physical preset bu_ttons, pads ¢ or pedals. ., '

1550

1555

1565

;The TONES menu item allows for quick and direct access to synt_hesized voices as well .

as the chord multi-voice and timbre generation capabilities of the apparatus of the present L

1nvent10n The RING SELECT submenu of the TONES menu fac111tates appllcatlon of

selected TONE menu optlons to any one of or all of the rings.

The VOICE sub- -menu prov1des ‘access to MIDI patch names and codes as per General
MIDI designation and as listed in Table 4. Every new voice selectron causes the operating
software to send a MIDI Patch Change command to the 'MIDI device on the channel
‘a551gned to the relevant ring or nngs Both General MIDI names and codes are dlsplayed
The sub menu llsts the standard GM voice selection by standard General MIDI designated

grouprngs: Piano, Chromatic Percussion, Organ, Guitar, Bass? Strl_ngs, Ensemble, Brass,

- Reed, Pipe, Synth Lead, Synth Pad, Synth effects, Ethnic, Percussive, Sound Effects. .
1560 ' B

~ In addition, the user can select -any one of the standard steelpan ranges under the

STEELPAN submenu selection. In the simplest implementation'of the current invention,

" selection of any of the options listed under this item sets the voice to General MIDI-Steel

‘ Drum, MIDI code 115, the layout as 4ths and 5Sths and the lowest note as follows: Tenor —

C4, Double Tenor - C3, Double Second - C3, Guitar - C2; Cello - C2, Quadraphonic. -
C2, Tenor Bass - Cl1, six-Bass - C1. The lowest note is a C and is placed on muzi-pad
000. This allows rapid configuration of the present invention for acoustic steelpan

emulation and synthesis.
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Acoustic steelpans with similar ranges differ somewhat in the timbre produced For
example, a tenor bass does not empha51ze the lower partlals as ‘much as. does the six (6)

bass for notes that are common on both 1nstruments Itis therefore acknowledged that the"

4 synthesrs of the tradltlonal mstrument w1ll be somewhat flawed if the same MIDI v01ce

is used for all ranges. In the preferred embodiment, thls problem is solved through more

‘-accurate mternal synthesrs of each steelpan 1nstrument or by use of the samplmg feature'

Select1on of the DRUM submenu configures the present invention to send commands on

Channel 10 whrch is allocated for General MIDI Drums The preferred embodrment.

’ ass1gns mu21- pads for Drum/Percussmn is shown in Table 5.

Users can also enter MIDI codes drrectly using the VOICE menu, allowmg the user to use

MIDI devices w1th mappings that differ from the GM patch map. Many MIDI sound

.modules w1ll requlre that these be accessed by specifying the relevant MIDI bank .

number the user can do this through the MIDI submenu 1tem under the SYSTEM' '

CONFIGURATION menu.
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Playing Surface

{

" Ring Select{ALL 0,1,2. }

Tones

* See Table 3
** See Table 4

By

Range{C,, C;, C;, Cs, C4, Cs, Co, C7}

Layout {4/5 (default), Chromatic, Custom{Pad Select{OOO 001 200 L2113,

Octave_Number{0,1,2...8}, Note{C, C' D,E%E, F G* G, G A, B"
B}} -

~Save To Pfeset{ Group{1,2,...}, YP‘reset{Vl,.’.;V8, Pl,...P.4, Pedal 0, Pedal 1}}

{ '
Ring Select{ALL, 0,1,2..},

V01ce{Steelpan{6 -Bass, Tenor Bass ultar/Cello Double Second, Double Tenor
Tenor},
" General MIDI V01ces{1 128 in GM Groups of 8*},
Drums**, .
Code{l 128}

}’

_ Mu1t1-V01ce{ON/OFF V01ce Volume}
" Chords{ ON/OFF, Select{selection of major and mmor chords}}

Timbre{ ON/OFF, SSAF, MSSV} . : .
Save To Preset{ Group{1,2,...}, Preset{Vl VS, P1,...P4, Pedal 0, Pedal 1}}

System Conﬁguratlon

Recofd/P_layba'ckv

{

: Pedals{Volume Sustain, Pitch Bend, Synch Intro, Synch Endmg, Preset{PedalO
. Pedal 1}}

MIDI set{ Ring Select{ALL 0,1,2 3, OUT Channel{l 16}, IN Channel{l 16},
Bank{1-127}, Port{MIDI, Ethernet, USB, Firewire }}

LEDA{ON/OFF Tutor, Dlagnostlc Source{APHAMS MIDI}}

Synthes1s{

Intemal{ON/OFF} External{ON OFF},- :
- ToneBank{Internal, Card, Update{Source{External{MIDI} Card}}
} _ _

Display {BackLight{ON/OFF}, Contrast{min,..max}} -

Menu Timeout{NONE, Time{1,...,10}} -

Software Update {ON/OFF} :

) A :

{ .
Status {Start, Stop},

Song{ Groupl{1...Nnes}, ...Group n{l.. nsongs} }

User Song{Groupl{]...Nngs}, -..Group n{l...ngung}, Card{l }}
Record{Source {APHAMS, Card{1...}, External }, -
Destination{Groupl {1...neng}, .:.Group n{l...Ngongs}}

} _
Rhythm {Select{Group1{1...Ngyng}, ...Group n{l...Ngng} } }
Tempo{1-128} '
Metronome {OFF, ON}

3

| Table 3
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PIANO ) CHROMATIC - ORGAN . GUITAR

1. Acoustic Grand PERCUSSION | 17. Drawbar Organ 25. Nylon String Guitar

2. Bright Acoustic ' 9. Celesta 18. Percussive Organ 26. Steel String Guitar -
3. Electric Grand 10. Glockenspiel . 19. Rock Organ 27. Electric Jazz Guitar

4. Honky-Tonk 11. Music Box 20. Church Organ 28. Electric Clean-Guitar
5. Electric Piano 1 12. Vibraphohe 21. Reed Organ 29. Electric Muted Guitar
6. Electric Piano 2 13. Marimba 22. Accordion 30. Overdriven Guitar

7. Harpsichord -

14. Xylophone

23. Harmonica. -

31. Distortion Guitar

36. Fretless Bass
37.Slap Bass 1 -
38. Slap Bass 2

39. Synth Bass 1

44, Contrabass -

| 45. Tremolo Strings ~
.46. Pizzicato Strings - .

47. Orchestral Strings

52. SynthStrings 2
53 Choir Aahs -
54. Voice Aahs
55. Synth Voice - -

8 Clavinet 15. Tubular Bells - | 24. Tango Accordion 32. Guitar Harmonics
' 16. Dulcimer o o :

BASS SOLO STRINGS ENSEMBLE BRASS

33. Acbustic Bass 41. Violin 49. String Ensemble 1 57. Trumpet

34. Electric Bass (fingered) -| 42. Viola: 50. String Ensemble 2 58 Trombone

'35. Electric bass (pick) 43, Cello” 51. SynthStrings 1 | 59. Tuba

60. Muted trumpet
61, French Horn
62. Brass Section
63. SynthBrass 1

112. Shanai

40. Synth Bass 2 48. Timpani 56. Orchestra Hit 64. SynthBrass 2. ..
REED . ] PIPE ) SYNTH LEAD SYNTH PAD

65. Soprano Sax 73. Piccolo 81. Square | 89. New Age

66. Alto Sax 74. Flute - 82. Sawtooth - 90.,Wahn

67. tenor Sax 75. Recorder 83. Calliope 91. Polysynth

68. Baritone Sax 76. Pan Flute 84. Chiff 92. Choir

69. Oboe 77. Blown Bottle 85. Charang 93. Bowed

70. English Horn 78. Skakuhachi 86. Voice 94. Metallic

71. Bassoon 79. Whistle 87. fifths 95. Halo

72. Clarinet 80. Ocarina - -88. Bass + Lead -96. Sweep

SYNTH EFFECTS - 1 ETHNIC PERCUSSIVE SOUND EFFECT

97. Rain o 105. Sitar 113. Tinkle Bell 121. guitar Fret Noise
98. Soundtrack 106. Banjo 114. Agogo 122. Breath Noise
99. Crystal . '107. Shamisen 115. Steeldrums .123. Seashore

-100. Atmosphere 108. Koto 116. Woodblock 124. Bird Tweet- - - -
“101. Brightness - 109. Kalimba - 117. Taiko Drums 125: telephone Ring
102 Goblins 110. ‘bagpipe '118. Melodic Tom -126. Helicopter

103. Echoes 111. Fiddle 119. Synth Drum ) 127. Applause

104. Sc-fi 120. Reverse Cymbal

128. Gunshot

Table 4
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Pad | GM Drum/ . MIDI Pad | GM Drum/ | MIDI Pad | GM Drum/ - MIDI
Percussion Code -| Percussion Code i Percussion ©~ | Code
000 ) Kick - - . |36 .| 100 | AgogoL - . | 68 200. | OpenRimSt - | 34*
001 | Snare 38 . ] 101 | BongoL. 61 - 201 ‘
002 | Hi-Hat Open 46 1102 | BongoH = . |60 v . 202} FingerSnap .. 19*
003 | HiHatClosed - | 42 .| 103 | Cowbell ) 56 - 203. V o
004 | Chin Cymbal 72 104 . VCrash Cymbal - | 49 204 Clickl\__loise . 20"
005 l_owTom o 445 | 105 | Jingle Bells 83 1 1205 - o
006 | MidTomH | 47 ‘10-6 Cabasa {69 | 206 Woocl BlkL - 77
007 | Mid Tom.L- | 48. 107 | Timbale H - - 65 | 1207 | Wood BIkH B ()
008 | High Tom 50 . 108 | TimbaleL . 66 . | 208
009 | RideCymb1 | 51- A 09 RideCymb2 - 59 209
010 | Tambourine 54 . 110 | Hand Clap 139 : 210
011 | Side Stick 7| [T Agogo H 67 NEE
* Yamaha XG format only RS
‘ Table 5

' The' CHORDS submenu allows the user te‘ switch the Chords option off "or.on When on,

the selected rings are configured for smgle stick chord play, Whereby each muzi-pad in

the relevant ring plays a designated chord when struck

V‘ The MULTI-VOICE submenu allows the user to srmultaneously play two or more v01ces :
when a s1ngle mu21-pad is struck.’ When enabled the user is requlred to select the voices

| requlred from the VOICE submenu

The TIMBRE submenu 1tem allows the user to enable or drsable the vanable timbre
feature of the present invention and also provides for adJustment of the SSAF and MSSV
parameters that _deterrmne the levels of the notes triggered by the sensors in the secondary

strike zones 28, 29.

The SAVE TO PRESET submenu allows the user to save current relevant settings to one
of several physical and virtual presets. The user must select a preset group and a preset

number corresponding to any one of the virtual or physical preset buttons, pads or pedals.

The SYSTEM CONFIGURATION menu allows the user to set up general features of the
present invention. This includes settings for the foot pedals 20, 21, the LEDA 22,
synthesis device, MIDI, control & display console 23, and the menu.
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The PEDALS submenu allows the user to assrgn the foot pedals 20, 21 to functron as

;,controls for Volurne damp effect susta1n effect prtch bend, rhythm control for changmg L
- rhythm sequences at the start or end of asong, or a preset switch. '

1620

‘The MIDI SET submenu facilitates Vsetup of the. MIDI ports and"channel numbers

- Channel numbers can be spec1f1ed for an external MIDI devrce to: Wthh MIDI commands ,

can be sent The. RING SELECT submenu fac111tates appllcatlon of selected MIDI SET

submenu options to any one of ¢ or all of the nngs

‘The IN Channel submenu is used to set the charmel number for the present 1nvent10n this " '

is the channel number on Wthl'l it lrstens for 1nput MIDI commands for the array of light .

' em1tt1ng devrces

| The OUT_CHANNEL submenu fac111tates the selectlon of the channel numbers on whlch_ -

the present 1nventron transmits MIDI information.

The BANK ‘submenu.'allo'ws the user to specify a MIDI bank in'the'currently addressed_'

- 'MIDI dev1ce ThlS facilitates access to manufacturer speclﬁc tones and features on '

: external MIDI dev1ces A

The PORT submenu facilitates selection of the physical port to be used for MIDI
_commumcatlon The preferred embodlment fac111tates communication through standard

-MIDI, Ethernet F1rew1re or USB and 1dent1ﬁes to the user all ports that are actually '

‘ connected to an extemal MIDI dev1ce.

" The LEDA submenu allows the user -to enable or disable the LEDA 22, select its' .

operatlonal mode as tutor or diagnostic and to select the source channel for MIDI 1nput to .
the array of light em1tt1ng devices. The latter could be the present 1nvent10n or an external

MIDI _deyrce

The SYNTHESIS submenu facilitates the selection of an external MIDI synthesizer, or
the internal synthesizer of the present invention. It also facilitates the selection and
update of the synthesizer tone bank. Updates can be obtained from a memory card, or an

external source through MIDIL |
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The DISPLAY submenu allows for the adJustment of control & dlsplay console 23A
backhghtrng and contrast levels.

The MENU TIMEOUT submenu allows the user to set the time out perrod for menu

The SOFTWARE UPDATE submenu fac111tates the download of upgraded ﬁrmware for ‘ o

: the present invention and software from the user’s computer
1660 ~ o ‘ o |
| The RECORD/PLAYBACK menu fac111tates the recordmg and playback of MIDI .

, sequences stored on the present invention.

*The STATUS submenu starts recordmg or playback of any 1tems selected on the other
1665

. action.

submenus. Four beats are grven at the selected tempo to cue the start of the requlred‘:"', g

The SONG submenu allows access to stored MIDI songs Each song is 1dent1ﬁed by a

group name or number and a song name Or number. Songs llsted in th1s submenu are

permanently stored in  song memory of the present 1nvent1on

The USER SONG submenu allows access to MIDI songs recorded and stored by the user

in song memory of the present invention, or on the external memory card.

The RECORD submenu facilitates the storage of MIDI sequences generated by the user

as the present invention is played, or from a remote source. The SOURCE submenu

storage.or from an external source whose address must is specified by the IN_CHANNEL
setting in the MIDI_SET menu item. The DESTINATION submenu allows the user to
select the location in user memory where the recording will be stored for later access

from the USER SONG submenu.

The RHYTHM submenu facilitates convenient selection of one of several rhythms stored

as MIDI songs and arranged in convenient groupings.
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The TEMPO submenu allows the user to specify the tempo for recording and_playback.- ,

‘The METRONOME subrhenu can be used to toggle the metronome off or on.

"Whilst the” present invention has been descrlbed in connectlon ‘with certam preferred

'_ embodiments, it is to- be understood that the subject matter encompassed by way of the

. present mvent10n is not to be limited to those spec1ﬁc embodrments and that various

other modrﬁcatlons may be made to the constructlon of the apparatus of the present

"mventlon 1nvolv1ng other modlﬁcatrons and changes whrch may be varied to fit
'part1cular operatmg requlrements and envrronments wh1ch will- be. apparent to those .

i skilled in the art and that the. present 1nventlon is' not considered to be limited - to the .

herew1thm 1nstant examples chosén for the purposes of dlsclosure

On the cont_rary, it is intended for the subyj ect matter of the present invention to include all
alternatives, modi_ﬁcations'and ‘equivaients, which do not constit_u_te departures from its
true .spirit and scope, as can be _included within the spirit and scope of the following:

claims.

GLOSSARY

1 Top Level Schema ‘

2 Playing Surface Inputs Section

3 Main Operational Processes

4  Additional Interfaces

5" 1/O Ports Interface

7 Sound Module Output Interface

8  Activated Pedal Validation & ID process -

9 Actlvated muzi-pad validation, ID and Level Detection process
10 Activated Preset Validation & ID process o
‘11 MIDI String Compller Process :

12 System Control and Conﬁguratlon process

13 Internal Synthesis process

14  MIDI Data Record & Playback process

15  Song Bank Memory ‘

16 APHAMS Configuration Memory

17 Tone Bank memory

18  Muzi-pad

19  Preset pads

20  Sustain Pedal

21 Damp Pedal
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1725 22 Light Emitting Device/LEDA
~© 23 Control & Display Console
24  Main Assembly ‘
+ 25  Playing Surface A
o 26 ° . Main Assembly Chassis -
1730 27 Mounting Stand
28 . Connector Pod . . '
.29  Rocker Arm/Attitude Lock Assembly
30  Mounting Stand Locking Hinge
- 31 Main Assembly Electronic Circuit
1735 32 - Control & Display Console Recess
© 33 Muzi-Pad Recess .
34 © Rocker Arm Suppo_rt' '
35 .- Rocker Arm Bearing .
36 Attitude Lock
1740 . 37" Ratchet -
' 38  Pawl
©39. . Spring - ,
40  Bracing Pin - -
41 COunte_vrwevight' A
1745 © 42 . Attitude Lock Body . -
43 Attitude Lock Handle
44 Attitude Lock Handle P1V0t .
.45 Rocker Arm

e

.46 _-Rlng#O -
1750 47 Ring#l

'+ 48 Ring#2
49 Top View

50 "~ Exploded Front View
_ 51  Bottom View
1755 -52  Muzi-pad Frame -
53 Muzi-pad Shell
54 Impact Filter Pad.
‘55 Vibration Absorbing Mount
: 56  Primary Strike Zone -
1760 57  Circumferential Strike Zones
: .58  Radial Strike Zones :
59  Muzi-pad Sensors
60  Muzi-Pad Interface Electromc Circuit Board »
_ - 60a Muzi-Pad Interface Electronic Circuit Input Signal Terminal
1765 60b Muzi-Pad Interface Electronic Circuit Input Ground Terminal -
60c Muzi-Pad Interface Electronic Circuit FET
- 60d Muzi-Pad Interface Electronic Circuit Gate Resistor
60e Muzi-Pad Interface Electronic Circuit Source Resistor
60f Muzi-Pad Interface Electronic Circuit Output Signal Terminal
1770  60g Muzi-Pad Interface Electronic Circuit Output Ground Terminal
60h Muzi-Pad Interface Electronic Circuit Power Supply Terminal
61  Peak Detector & Trigger Circuitry
6la Peak Detector & Trigger Input Signal Terminal
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Peak Detector & Trigger Input Signal Ground Terminal

Peak Detector Output Signal’ Terminal
Peak Detector & Trigger Output Ground Termmal

- Trigger Circuit Output Signal Termmal

Trigger Circuit High Pass Frlter Capacrtor

Peak Detector Diode

Peak Detector Discharge Resistor

Peak Detector Charge Capacitor

Trigger ngh pass Filter Resistor.

Trigger Circuit Lower Potential Divider Resrstor
Trigger Circuit Upper Potential Drvrder Res1stor

~Trigger Circuit Comparator
- Debounce and Blanking Logic :
' Main Assembly Interface Circuit

Analog to Digital Converter Array/ADC Array
ADC Select and Trrgger Loglc ERE
Encoder Logic : ‘

Interrupt Generator Lo glc

- Main Assembly Embedded Processor
. Internal Synthesiser -

Tone Bank Memory

.System Memory

External Interface Module
LEDA Control

PCT/TT2007/000002

Main Assembly Embedded Processor Software Data Flow Dlagram

Playing Surface Interrupt Handler
Preset Configuration Memory

‘Preset Loader Process

Muzi-pad Conﬁguratlon Memory
MIDI Command Generator Process
MIDI Timer Process oo '
Record & Playback Process

Song Bank :

I/O port Conﬁguratron Memory

- LEDA Controller Process

System Settings Memory

‘System Control Process

I/O Interface Process

Internal Synthesis Process

Control Console Menu Manager Process
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1815 CLAIMS -

What is claimed is:

1. An Apparatus for Percusswe Harmomc Musrcal Synthes1s (APHAMS) charactenzed
1820 - by said apparatus utlllzmg electromcs to generate melodic sound, bearmg Well deﬁned

’ , tone and note pitch, by the stnkmg of a plurahty of umquely conﬁgured multlple note

. activation trigger mechanism surfaces termed  muzi-pads, - with a plurahty of

o appropnately sized mallets, sticks or other such srmllar playing 1mp1ements for the ’ '

'_generation of de51red muswal notes by a given MIDI dev1ce sa1d dev1ce providing
1825 . an enhanced emulation of the traditlonal acoustrc tenor steelpan in 1ts mterface w1th ’

‘any g1ven player said apparatus comprismg

" amain assembly consisting of a playing surface of concave .se.mispherical shape, other

yariations of _said playing surface shapes heing possible mutatis mutandis, but said

1830 ~ preferred concave shape being mounted upon a main assembly chassis, said playing
E surface comprismg of a plurahty of an array of muzi- pads physrcally arranged in -

N concentric rmgs wrth a plurahty of mu21-pads per ring and a plurahty of rings per

. -'array,

1835 _a main assembly electronic crrcuit of said apparatus consrstmg of the Mam Assembly
Interface Circuit, the Main Assembly Embedded Processor System Memory which
41ncorporates all memory elements required for system operation save for the Tone

 Bank memory, Internal Synthesrzer Tone Bank Memory which fully reahzes the

, - Tone Bank Memory module and the External Interface Module;

1840 -

a plurality of muzi-pads, each such muzi-pad having a light emitting "dev‘ice affixed in
close proximity to, or directly upon said muzi-pad, with said light emitting devices
comprising the LEDA; | - '

1845 electronic circuitry, said circuitry taking inputs from said plurality of muzi-pad array,

a plurality of foot pedals,a plurality of external inputs, as well as at least one control
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& display console- and utilizing said inputs to output MIDI out signals, cont_rol

- signals for said LEDA and said control & display console display signals; -

1850 = at least one rechargeable battery unit, sa1d unit fac1htat1ng complete aux1hary power

supply and portablllty for sa1d apparatus 4

-a plurality of foot pedals for modulatlon of  generated sound utlhzrng a plurahty of :

_ potentlometers or any other “such suitable technology mutatls rutandis, which
1855 provides continuously Varlable electrical Voltage output of pedal position, thus |
facilitating their 'application as a volume_control or as a pitch bend wheel, said

plurality of foot 'pedals also being‘ ernployed | as a plurality of switches by
establrshment of a threshold voltage, said voltage bemg 1nd1cat1ve of when sa1d

‘ plurality of pedals is pushed past a predetermmed point, “said- threshold level
l8'6OA - corresponding to a given point, which is half—way of the travel of said plurall_ty of:

| pedals;

- at least one mounting stand Wthh provrdes the function of a dockmg statlon to

provide mains drlven power MIDI and general network connectivity for said

1865 apparatus through a detachable connector pod, said power supplied through said -

connector pod being also used to.recharge at least one battery unit in said main
assembly of said apparatus;
2. The apparatus according to claim 1, wherein a configuration is characterized by a
plurality of mu21-pads sa1d muzi- -pads being surfaces with integrated electromcs that .
1870 ~ are used to trigger the generatlon of notes and comprise at least one muzi-pad frame .
at least one muzr-pad shell and a plurahty of vibration absorbing mounts, said
plurality of vibration absorbing mounts providing acoustic isolation from "air borne
and structure borne sources, thereby reducing the risk of accidental tr1gger1ng of said
muzi-pad electromcs and whlch are arranged in a plurahty of at least three concentric

1875 rings, of a plurallty of at least twelve muzi-pads per ring;

3. The apparatus according to claim 1, characterized by a configuration wherein is
provided a plurality of at least three octaves of notes, spanning any contiguous
section of the musical scale at any given time;

1880
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4. The apparatus according to claim 1, characterized By a configuration, wherein is

found a plurality of at least three octaves of notes, spanning any contiguous section of

the musical scale at any given time and provision for any given player of a
transposition facility, whereby said player may assign a unique octave range to at least

1885 one ring, by allowing said player to specify the lowest frequency note, in.each such

ring on said playihg surface;

5. The apparatus' according to claim 1, characterized by a configuration, wherein the
preferred embodiment utilizes a playing surface with a maximum depth of at least 7.5
1890 inches / 19.1 centimeters and up to 10 inches /25.4 centimeters and a width from at

least 18 inches / 45.72 centimeters and up to 26 inches/66.04 centimeters;

6. The apparatus according to claim 1, characterized by an arbitrary reconfiguration of
the arrangement of notes generated by said muzi-pads, from the default which follows .
1895 the musical cycle of 4ths and 5ths, allowing any given player, to uniquely customize

the layout of said notes through the arbitrary assignment of said notes to each such

muzi-pad;

7. The apparatus according to claim 1, characterized by a cdnﬁguration which facilitates
1900 the assignment by a given player of separate voices to each such ring of a given
plurality, thus permitting said player to simultaneously access a plurality of at least

two separate synthesized voices and to play lead and background simultaneously;

8. The apparatus according to claim 1, characterized by a configuration which allows

1905 for variations in sensitivity by facilitating the removal or retention of a plurality of
ifnpaci filter pads on a plurality of muzi-pads, thus allowing any given player, to

effect play with a plurality of fingers, at high sensitivity settings\when said plurality

of impact filter pads are removed, or more aggressiyely with a given plurality of pan

sticks at lower sensitivity levels, when said plurality of impact filter pads are

910 retained;

9. The apparatus according to claim 1, characterized by a configuration which allows
for a plurality of at least ten (10)-note polyphony, whereby a plurality of said notes

may be played simultaneously;
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10. The apparatus according to claim 1, characterized by a configuration which features a

plurality of muzi-pads, on which 'physic‘al attributes of size, color and shape are

* varied mutatis mutandis, so as to provide a visual cue of notes which have been

11.

assigned to said plurality of individual muzi-pads, said plurality of muzi-pads being
réquired to be struck in order to produce a plurality of desired notes, said plufality of

notes being laid out in concentric circles;

The apparatus according to claim 1, characterized by a configuration in which said

playing surface can be constructed from any of the group of materials including wood,

- plastics, fiberglass, _cofnposites, and metal and could be augmehted with structural

12.

13.

support mechanisms consisting of ribs and battens to increase strength and rigidity;

The apparatus according to claim. 1, characterized by a configuration in which is

featured a multi-voice capability, whereby each such muzi-pad can trigger a

combination of voices all at the note pitch assigned to said muzi-pad; -

The apparatus according to claim 1, characterized by a configuration in which is

_' featuied a multi-note or chord capability, whereby at least one of each such muzi-pads

14.

15.

can trigge'r a combination of notes all at the voice assigned to said ’muzi—pad' , said

-notes being part of a musical chord as assigned to said relevant muzi-pad;

The apparatus according to claim 1, characterized by a configuration in which is
featured the use of a primary strike zone and secondary strike zones, on each such
muzi-pad, wheréby any given player may achieve variations in timbre ‘during
perfbrmance, by striking different parts of said niuZi—pad to generate sounds, at the
note pitéh, which ha\}e slightly stronger parﬁals than that generated, when the centre
of said muzi-pad is struck, the level of said partials being user—conﬁgurable and
resulting from the simultaneous generation of notes, with pitches corresponding to the

octave and third harmonic of the pitch assigned to said muzi-pad;

The apparatus according to claim 1, characterized by a configuration consisting of a
plurality of control pedals, said plurality of control pedals being programmable by any

given player, to provide a selection of effects such as, damp, sustain, volume control
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and pitch wheel, said plurality of pedais also being assignable as a programmable
preset, allowing said player to alter any given configuration, by engaging.a given .

pedal during a given performance;

The apparatus according to claim 1, characterized by a configuration wherein the use

- of sensors with frequency responses down to 0 Hertz, facilitates a sustain effect by

- simply requiring any given player, to depress a glven mallet or stick on to said muzi-

-17.

pad, for as long as the sound effect of the note is required;

The apparatus according to claim 1, characterized by a configuration in which is

- provided an aftertouch capability, said plUrality of muzi-pads being equipped with a

plurahty of sensors having frequency responses down to 0 Hertz, said - aftertouch

capability being one which facilitates variation in note level after said note has been

~ triggered by the initial strike, by varying the level of contact pressure on sa1d plurality

18.

19.

20.

“of muzi-pads;

The apparatus according to claiml, characterized by a configuration in wnieh in a
given plurality of muzi-pade, each such muzi-pad is equipped with a lignf emitting
device on the playing surface of said muzi-pad said light emitting device being lit
when said respective muz1—pad is to be struck, as, determined by the MIDI sequence
ina stream originating from an external source, belng a MIDI sequence stored on said
apparatus or from the MIDI sequence generated, as said apparatus is played thus

facilitating the teaching of music;

The apparatus according to claim 1, characterized by at least one mounting stand,
bearing a rocker arm/attitude lock assembly, said device enabling the ergonomic

adjustment of said apparatus, as may be desired by any given player;

The apparatus according to claim 1, characterized by said mounting stand providing
the function of a docking station to facilitate mains driven nower, MIDI and general
network connectivity to said apparatus, through a detachable connector pod, said
mounting stand featuring at least one rechargeable battery unit and wireless MIDI
communication, both of which facilitate performance in a fully portable mode, while

in motion, when said apparatus is supported from the neck using a strap, or from the
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torso using a suitably designed brace;

1985  21. The apparatus according to claim 1, characterized by at least one customizable tone
feature which provides for the accurate synthesis of the steelpan, including ali of its

nuances, utilizing physical model synthesis or wave table synthesis;

22. The apparatus according to claim 1, characterized by a plurality of physical preset
1990 touch pads, said preset pads when activated, trigger the operating software to
configure said apparatus with a set of features as pre-selected and assigned to said
plurality of preset pads, said apparatus also being enabled to implement virtual preset
pads on the control and display console, said plurality of virtual preset pads being
used to select a plurality of device functions.
1995

2000
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