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MUSICAL SCORE RECOGNITION
OF "DON CUCO EL GUAPO" PIANIST ROBOT
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Abstract

Don Cuco el Guapo is the first Mexican pianist robot, which was designed and
built at the Departament of Microelectronics of the UAP. The project was
based on multidisciplinary participation, where physicists, electronic engineers,
computer scientists, musicians and designers converged.

The musical score recognition sytem was implemented through the following
steps: frame grabbing, image processing, pattern recognition and interpretation
or analysis of scene. The vision system of Don Cuco el Guapo is capable of
reading musical score from a template.

Frame Grabbing

Frame grabbing is the process through which a visual image is taken from the three
dimensional world. The frame grabbing involves different methods in order to reduce the
graphic complexity, increasing the necessary information for object detection and extraction.
These methods consist in the precise definition of the object to be captured, that is, what
form characteristics does our object have so that the camera set up (focal distance, iris
opening -and focus) establishes a correspondence between the object (real image) and the
plane image (digital image).

An ELECTRIM EDC-1000 camera was used for frame grabbing; it's main

characteristics include:

o CCD sensor

« High sensitivity

« Distorsionless image

« Fast response

+ Resolution 192(h)x165(v)

¢ Monochromatic 8 bits

¢ Spectral range 4001000 nm

Focal length was taken at one meter, with a variable iris for different illmination
conditions. The visual information is converted to electric signal by the sensor CCD. When
these signals are sampled and quantized, we obtain a digital image.
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Camera CCD

Musical Score

Fig 1: Focal length

The digital image can be represented by the following matrix:
f0.0) f0.1) ... fO.N-1)
oy - | F00 J0D - SN

JoM0) fM 1) ... M N-1

where x and y are discreet variables. Each element of the matrix is called a pixel. For our
case the dimension of the matrix is M=165 and N=192.

(a) Musical score format
Don Cuco el Guapo can reach two octaves as seen on the keyboard shown below,

along with their representation on the pentagram. From this figure it is possible to observe
that a notes position on the pentagram determines a corresponding key, and alsathe note
determines the duration for a given beat.

Sol| La| Si Do'Re Mi| Fa | Sol| La| Si | Do Re | Mi| Fa Solj Lal Si Do‘

i 2 3 4 5 6 17 8 9 10 U 12 13 14

Fig 2: Relation between the keyboard and the working space for each pianist robot arm.
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In order to define a musical format that could be adapted to the cameras field of
view, the following points were considered:
« Focal length was set equal to 1 meter.
o A field of view equal to 16.4 cm.
« A digital image with 165x192 pixels.
« Each column of the musical score has 14 entries.

All symbols will be defined on the following grid:
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this arrangement provides sufficient definition for later recognition; with consideration
having been made of information loss dueto image capture and/or processing.

With the chosen parameters, we'll have 6 symbols for each row and 7 symbols
for each column, distribuited thruought the field of view. The following figure shows three
columns of a beat, and their relation to keyboard positions.

6 13 6 13 6 13

7 {14 {7147 |14

Field of view

Fig 3: The lipes that divide the grid are imaginary. The frame that encloses the field
of view acts as a reference for camera perception.
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The following is an example of how the process is implemented.

Standard musical score
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Musical score adapted to Don Cuco el Guapo's field of view

(b) Example of an image for frame grabbing

ed by the system, along with their

This image shows all the symbols allow
input to all image

keyboard positions. This image will be the same one used as
processing algorithms.

Image Processing
Image processing is concerned with images generated from existing ones. The
new image is the result of applying operations to reduce noise and other artifacts, that

may be present as a result of sampling or perturbations in the system.
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. After anjalyzing different. image processing methods, the Laplace function was chosen
for noise reduction. The Laplacian is a second order operator defined as follows

2 2
- 2 2

For digital images the Laplacian is defined as

Lifey]=[fix+Ly+ fle-Ly)+ fey+ D+ fey-1)]-41x )

This digi.tal Laplace formula yields zero in zones of constant intensity and in edge
ramps, determining if a pixel is on the dark or illuminted side of the edge. Consequent!
the Laplacian is used for intensity transitions, and rarely for edge detection. v

Equation evaluation may be made using the array shown in fig. 4

ol 1]o
1|41
o110

Fig 4:Array used to find the Laplace operator.

- The fol'lowing image results from applying the Laplacian to the input image
being the algorithm that resulted in maximum noise reduction. ,

Laplace: neighboring surroundings of 3x3.
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s converted to a binary one, by using a non-

For our case, a grayscale image i
le will separate the values in the equation, as

negative threshold T, where this variab
follows

1 si Liffxy)] >T
gy =
o si L{fy] =T

Thus, this equation may be seén as a procedure that extracts only those pixels
characterized by significant intensity transitions (as set by T). This new binary image will
be the entry data for the recognition algorithm.

Pattern Recognition
By Pattern Recognition we understand a process by which it's possible to determine
the importance of. each feature described in a certain object or phenomenon with respect to

it's own characterization, and also to a given class.

(a) Segmentation
The image dimensions are 165x192

image in 6 columns by 7 rows, resulting in a su

columns), leaving 4 rows unnoccupied.
The submatrix is well defined, and it’s area is given by

pixels {rows x columns), and we divide the
bmatrix of 23x32 pixels (rows X

n m
_§‘§Aij where m=32 y n=23
=0)= .

Evaluation of this submatrix yields the existence or absence of an object in the field

of vision of the input grid.
The criterion for determining the existence or

n m

1 i & < %%Aijsa
=0 =
n m

f(Aij') = ﬁ 0 i b >i§‘>j§6Aij

absence of an object is given by

n m
-1 if ;) Y Ajj >€
| i=0j=0
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where n=23 and m=32. § and ¢ are i

= . presence estimators, where d is least i

: . X and e
the d.ecxts}ionfﬁxlnctlon rt;sglts egual to one, this means a symbol exists - as in llls'[ ?OSthlf
area in the 1e§ of vision, if it's equal to O, this means there is no input ang hor t.é'lt
equal toT—hl téle input is undefined for the system symbols ’ mhen 1
e decision function can determine whi :
. : ich note on the pentagram is r
' tic . epres

the t:)blject. tfrom it's pomfuon on the field of view (or on the corresponding grixc)i)' tehrlljted'ft') )
(Siym fo exis }sl,. \;\lle .det.e'rmme the note which is it's first parameter (key numl;er) SI,\II ta
uration, which is it's second parameter, will be obtained by the method intion
and recognition. od of description

(b) Description
Once segmented, and consideri
, ering that a symbol was found on an i i
‘ =3 an image grid

g:e:x ;:g r:;e?tt ;tleplls to makg a symbol description, that is, to obtain all thegchiractseqrius?'re’

a e 1 t‘avn?g determmed these parameters, we procede with the recognition “
i th: u t:.on is gbtamed by §1v1d1ng the matrix from the corresponding grid which

fains ¢ object, into submatrices of different dimensions (as shown in fi ,5 N

which will represent the characteristic features of the object '8 3 and

R3

T

L —

¥ B

E I*
R2 i RS
R1

lg . he g i iS di lded i i T1C (&1 l) sent Ilg an
] F 5: I ll(l \Y mn dlﬂ‘erent Submat i
e - ) €S, aCh one repre: i
feature [8) Characterlstl(l hlS dlagram Sh s two muSiCal Symbols that g
()l) ect )| | ow W 1ve an

idea of how the different features are discriminated.

All the features fi inti
below: es for the description procedure have been defined, and they are given

* Rl represents the elipse

- * R2represents the round silence or white

* R3represents the escrow of the symbol
* Rdrepresents a quaver of the symbol
* RS represents a quaver of the symbol

_* Réindicates if the elipse is white or black
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The result of the description procedure is a vector, which will contain as it's

inputs the features of the object, this is

v = (R1, R2, R3, R4, RS, R6)
this vector is generated by the following boolean function
m

1 if 8 < Dij <&i
=0j=0

=

—-

D)= R;=

0 other case

where D; coresponds to the submatrix of the ith feature, 1= 0, 1, 2, 3, 4, 5. The submatrix

dimensions are given below

. ForD2,n =12andm= 13
ForD4,n= 12andm=7
For D6, verifies if its white or black

For D1,n=32and m= 10
For D3,n= 8 and m=13
For D5, n=12and m=7

submatrix of the evaluated feature in the function results

has that feature, if the opposite is true and the result is
s not have the feature. Then, the description vector

&; is a tolerance constant. If the
equal to 1, this means that the object
equal to 0, this means that the object doe

will be given by
v=(fDo), fD1), f(P2), f(D3), f(D4 ), fD5))

information for the features found in the object. The decision if the
f a symbol defined for the system, is given by the
this vector will be the input data for the

this vector only yields
vector has the characteristics O
recognition algorithm. Consequently,

recognition algorithm.

(c) Recognition
ding section is evaluated in table 1; and will

The vector obtained in the prece
ds to a system defined symbol, ie

decide if the vector information correspon

o od Jd d & omllF

3 & 7 8 9 10

Fig 5: Sytem defined symbol
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Table 1: Object properties.
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The V[I;L%lg be lclearly observed. that .all objects have different inputs for their features
: JE column represents in decimal code, the value of the object row, and thi A
will determine if an object belongs to this class or not. ’ s value

Solution:
Let v =
biec Le; t vf bgR:,ﬁjRJZ, 33, R4, RS, I}6) the vector that contains all the features of the
. nction that converts the vector in decimal representation, defined as

v)=R{R =
and n€SCN
Ri={0orl} i=1,23,4,56.

Now, to decide if the object bel i
oo, t0 decide I the ] elongs to the class of the musical symbols, use can be
g(n) = VALUE;

wher 11i i
ﬁmctiem\‘/;LisLéI;L ;15 ta value ff{o}rln ta’tl)le 1, this means that if the number n evaluated from
: o one of the values of the table, the object is i i
ot A no belons oo s o , the object is in the class, otherwise the
ote 4 lﬁ:t?ziquzr:tlz}; fron_l this last function we determine the second symbol parameter:
. is point, we recognize the symbol with it' isti A
e ' nize the sy with all it's characteristics.
- Chordscg>,o :ts tél;;oitsge, t‘h: melchafm;al limits of the pianist robot are verified; that is
an interval of five adjacent notes, an i , ing
the user to make any necessary corrections. : e ertors genernied, allowing
A : .
hich Wislltl;e; r:xqswzﬁ .symbols. are recognized, a doubly linked structure is generated
) ntain the information corresponding to the note or chord, and wil |
et , and will be stored
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Interpretation
The performance of an artificial vision system is determined by its capacity to
extract meaningfull information from a scene with a wide margin  of conditions.
11 those methods that are related to scene comprehension.

Thus, the interpretation, includes a
In this way, interpretation associates a meaning or an action to a set of recognized

objects.
In the pianist robot's vision system, the interpretation algorithm will understand

all the musical file, up to the the start of robot's control system, for the the code execution.
In the interpretation process , note digitization is made first, that is, notes are assigned
to the corresponding fingers and optimization is made of the robot's arm movements. This
new code is then translated to another one which will be delivered to the interface.

After this the whole system is activated, and the robot produces computer music, by
playing the keyboard with 2 mechanical sensitivity. In the robot's presentations, science,

art and technology converge.

Example of musical score for "Don Cuco el Guapo" pianist robot

Recordando & Back
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MIDISCAN

the program for reading and processing musical notation
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ABSTRACT

The paper presents problems related to automated recognition of printed music
notation. Music notation recognition is a challenging problem in both fields: pattern
recognition and knowledge representation. Music notation symbols, though well
characterized by their features, are arranged in elaborated way in real music
notation, which makes recognition task very difficult and still open for new ideas.
On the other hand, the aim of the system, i.e. application of acquired printed music
into further processing requires special representation of music data. Due to
complexity of music nature and music notation, music representation is one of the
key issue in music notation recognition and music processing. The problems of
pattern recognition and knowledge representation in context of music processing
are discussed in this paper. MIDISCAN, the computer system for music notation
recognition and music processing, is presented.

Keywords: music notation recognition, knowledge representation, music
representation, MIDI format,

1. INTRODUCTION

‘,There are many ways in which computers have been involved in the world of music. One is the score
tion, where musicians can develop a score using an editor to produce a digital output file. This strategy
htbe a good idea, but it is a non-traditional way to develop a score. Another computer application is music

‘Ssing that can help musicians in music creation process: automatic composition of music, analysis of
ical style and so on.
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