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KARAOKE APPARATUS DETECTING REGISTER OF 

LIVE VOCAL TO TUNE HARMONY VOCAL 

BACKGROUND OF THE INVENTION 

The present invention relates to a karaoke apparatus, and 

more particularly relates to a karaoke apparatus which can au­

tomatically add synthetic harmony voices to a karaoke singer's 

live voice.· 

Conventional karaoke apparatuses have various facilities to 

show up a karaoke performance. The facilities include a har­

mony voice generation to add a synthetic harmony voice to a 

karaoke singer's live voice. The harmony voice generation is 

performed by creating a harmony voice having a certain pitch 

difference such as 3rd or 5th degree relative to a melody line of 

the main live vocal while tracking the melody line. In another 

method, a harmony voice recorded in advance is reproduced in . 

synchronization with the progress of the karaoke performance. 

Further, if the karaoke song includes two or more vocal parts, 

it is possible to reserve one vocal part for t~e karaoke singer 

to take that part, while the other part is contained in the song 

data as an accompaniment harmony sound. 

In the harmony generation by the main vocal melody track­

ing, the main vocal line can be superposed with the harmony 
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voice of a certain pitch shifted, for example, an upper 3rd de­

gree in response to the melody tracking. However, in case of a 

female karaoke singer, if the harmony voice of the upper 3rd or 

5th degree is. always generated, the generated harmony voice 

may incidentally exceed the highest frequency of the audible 

range. In case of a male karaoke singer, if the harmony voice of 
. . 

the lower 3rd or 5th degree is always generated, the generated · 

harmony voice may incidentally exceed the lowest frequency of 

the audible range. Further, simple generation of the harmony 

voice at parallel 3rd or 5th degree may create an unnatural 

melody line. 

In the harmony generation by pre-recording a harmony part, 

the pre-recorded harmony part may sound consonant with the 

main vocal part of a certain musical register, but. may not 

sound consonant with the main vocal part of another musical 

register. A karaoke singer may often transpose the main vocal 

part by an octave to fit. the melody line with his/her range of 

the voice. In such a case, the generated harmony voice may 

not sound consonant with the transposed melody line. 

Sometimes, it is very hard to recognize which part of the 

karaoke song is performed as the live vocal part, particularly 

in a karaoke song having multiple vocal parts. In this sort of 

the karaoke song, it cannot easily be predicted which part of 

the song will J:>e sung by the karaoke singer, so that occasionally 
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the generated harmony part and the karaoke singer's live part 

are overlapped with each other. Further, multiple vocal parts 

may be composed such as to cross over with each other in 

some repertQries. On the other hand, a karaoke singer may 

sing an upper part unconditionally, or the singer may confuse 

the upper and lower parts in a song. In case that the karaoke 

singer sings such a song, the singer switches his/her live part 

between two parallel parts in the song, so that some section of 

the harmony vocal part may be overlapped with some section 

of the live vocal part. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide a karaoke 

apparatus capable of mixing optimum harmony voices harmo­

nizing with the karaoke singer's voice by modifying or tuning 

the harmony voice depending upon the actual singing voice. 

According to the invention, the karaoke apparatus is con­

structed to perform a karaoke accompaniment part and a karaoke 

harmony part for accompanying a live vocal part. The karaoke 

apparatus comprises a pickup device that collects a singing 

voice of the live vocal part, a detector device that analyzes 

the collected singing voice to detect a musical register thereof 

at which the live vocal part is actually performed, a harmony 

generator de~ice that generates a harmony voice of the karaoke 
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harmony part according to the detected musical register so that 

the karaoke harmony part is made consonant with the live vocal 

part, and a tone generator device that g.enerates an instrumen­

tal tone of the karaoke accompaniment part in parallel to the 

karaoke harmony part. In the inventive karaoke apparatus, the 

register of the singing voice is detected to tune the harmony 
. . 

voice. For example, the register is detected in terms of one 

of multiple vocal parts. The harmony voice is generated in 

matching with the detected vocal part so that the harmony 

voice is made well consonant with the live singing voice and 

the instrumental accompaniment tone. 

In a form of the inventive karaoke apparatus, the harmony 

generator device comprises storing means for storing a plu­

rality of harmony data patterns corresponding to a plurality 

of melodic lines differently registered in the karaoke harmony 

part, selecting means for selecting one of the harmony data pat­

terns according to the detected musical register of the singing 

voice, and generating means for genera~ing the harmony voice 

according to :the selected harmony data pattern along the cor­

responding melodic line. Namely, the inventive karaoke ap­

paratus prestores the· multiple of the harmony data patterns. 

An optimum one of the harmony data patterns is selected ac­

cording to the detected register of the live singing voice. The 

harmony voice is synthesized according to the selected har-
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mony data pattern to thereby conform well with the singing 
. 

v01ce. 

In another form of the inventive karaoke apparatus, the 

harmony generator device comprises storing means for stor­

ing a harmony data pattern which represents a sequence of 

notes to define the karaoke harmony part, shifting means for 

pitch-shifting the sequence of notes according to the detected 

musical register of the singing voice to thereby tune the har­

mony data p'attern, and generating means for generating the 

harmony voice according to the tuned harmony data pattern. 

Namely, the pitch or frequency of the initial karaoke harmony 

part is shifted according to the detected register to create the 

tuned or modified karaoke harmony part. Thus, the harmony 

voice can be generated in matching with the register of the 

singing voice with a minimum data volume of the harmony 

data pattern. 

In still another form of the inventive karaoke apparatus, the 

detector device comprises comparing means for comparing a 

pitch of the c·ollected singing voice with a reference data which 

defines different musical registers in a range of the live vocal 

part so as to determine one musical register to which the col­

lected singing voice belongs. The detector device further com­

prises providing means for sequentially providing the reference 

data in synchronization with progression of the karaoke accom-
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paniment part so as to continuously detect the musical register 

of the collected singing voice to thereby keep the karaoke har­

mony part consonant with the live vocal part throughout the 

progression of the karaoke accompaniment part. Namely, the 

pitch range of the live vocal part is divided into a plurality 

of pitch zones according to the plurality of the reference or 
. . 

threshold data. The register or the melody line of the singing 

voice is detected in terms of the pitch zone to which the singing 

voice belong. By such a construction, the register is accurately 

detected even if the pitch of the singing voice :fluctuates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an explanatory block diagram illustrating con­

struction of a main part of a karaoke apparatus according to 

the present invention. 

Figure 2 is another explanatory block diagram illustrating 

construction of the ma.in part of the inventive karaoke appara­

tus. 

Figure 3 is still another explanatory block diagram illus­

trating construction of the ma.in part of the inventive karaoke 

apparatus. 

Figure 4 is an overall block diagram of the karaoke apparatus 

according to the present invention. 

Figure 5 is an explanatory block diagram illustrating func-
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tion of a voice processing DSP employed in the karaoke appa­

ratus. 

Figures 6A, 6B and 6C are an explanatory diagram illus­

trating a song data format employed in the karaoke apparatus. 

Figure 7 is an explanatory block diagram illustrating the 

song data format employed in the karaoke apparatus. 

Figure 8 is an explanatory block diagram illustrating the 

song data format employed in the karaoke apparatus. 

DETAILED DESCRIPTION OF THE INVENTION 

The basic arrangement of the present invention will be de­

scribed with reference to Figures 1 to 3. Figure 1 illustrates a 

karaoke apparatus utilizing a song data comprised of a multi­

ple of harmony data patterns, and a multiple of reference data 

patterns corresponding to each of the multiple harmony data 

patterns a part by part. The song data denoted by numeral 1 

contains the multiple harmony data patterns, the multiple ref­

erence data patterns, and a karaoke data pattern to reproduce 

an instrumental accompaniment sound.. In the beginning of a 

karaoke performance, the karaoke data pattern is fed to a tone 

generator 6 in order to generate the accompaniment sound. 

The generated accompaniment sound is audibly reproduced 

through a mixer 7 and a speaker 8. A karaoke singer sings a 

karaoke song with listening to the accompaniment sound. The 
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singing voice signal denoted by numeral 3 is fed to the mixer 

7, a voice analyzer 4, a voice processor 5, and a harmony gen­

erator 2. 

The voice·analyzer 4 compares the input singing voice sig­

nal 3 with the multiple of the reference data patterns in order 

to analyze musical register of the singing voice. The reference 

data pattern may be a sort of a melody line of one part going up 

and down in synchronism with the progression of the karaoke 

song likewise the harmony data pattern of one part. For exam­

ple, the reference data pattern of one part may be described in 

a MIDI dat~ format or another data format such as a melody 

track of polyphonic karaoke song data. The register detection 

or part analysis can be carried out according to various meth­

ods. For example, the simplest method is such that the register 

of the singing voice signal is detected as a corresponding part 

when the singing voice signal coincides with a certain reference 

data pattern, which is described in a melody line format in ad­

vance. Alternative simple method is such that the reference 

data pattern is provided in the form of plural threshold data 

patterns defining different voice registers. The part or register 

of the singing voice is detected by evaluating to which of the 

defined registers the singing voice signal belongs. The result 

of the analysis by the voice analyzer 4 is sent to the harmony 

generator 2 and the voice processor 5. The harmony generator 
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2 selects one of the multiple harmony data patterns contained 

in the song data in response to the input analysis result. In 

this selection, the optimum harmony data pattern is selected 

to well harmonize with the analyzed singing voice. The har­

mony generator 2 may generate the harmony voice signal by 

processing or modifying the -input singing voice signal. Other­

wise, the harmony generator 2 reproduces the harmony voice 

signal pre-recorded in advance. The voice processor 5 imparts 

sound effects to the singing voice signal. The effects may be 

selected from a reverb, a formant conversion carried out in re­

sponse to the analysis result by the voice analyzer 4 and so 

on. For example, in the formant conversion, it is possible to 

replace the female (male) formant with the male (female) for­

mant in case· a female (male) singing voice is collected. With 

this formant conversion, gender of the live singing voice can be 

converted into that of the original singer of the karaoke song. 

The harmony generator 2 is connected to a panel switch 9 

which is manually operated to select a desired harmony part. 

In case that the harmony vocal part is manually selected by 

the switch 9, the harmony voice signal of the selected harmony 

vocal part is generated in spite of whatever analysis result is 

derived by the voice anaiyzer 4. A scoring device 50 evaluates 

the karaoke singing based on the analysis result of the voice 

analyzer 4 arid displays scoring results. 
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Occasionally, one karaoke singer may change to another 

karaoke singer in the middle of the song, or may change his/her 

part, or may change a voice pitch by an octave. Fundamen­

tally, the register detection or part analysis can follow these 

changes so that the reproduced harmony part is switched in 

response to the register change. However, a sudden switching 

of the harmony part may cause unnatural impression to lis­

teners or performers. To avoid this, the harmony part may be 

switched at a certain transitional timing s:uch as an end of a 

phrase or melody. 

As described above, the inventive karaoke apparatus is con­

structed to perform a karaoke accompaniment part and a karaoke 

harmony part for accompanying a live vocal. A pickup device 

such as a microphone collects the singing voice 3 of the live 

vocal part. The voice analyzer 4 analyzes the collected singing 

voice 3 to detect a musical register thereof at which the live 

vocal part is actually performed. The harmony generator 2 

generates a harmony voice of the karaoke harmony part ac­

cording to the detected musical register so that the karaoke 

harmony part is made consonant with the live vocal part. The 

tone generator 6 generates an instrumental tone of the karaoke 

accompaniment part in parallel to the karaoke harmony part. 

The harmony generator 2 stores a plurality of harmony data 

patterns corresponding to a plurality of melodic lines differ-

;'!) 
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ently registered in the karaoke harmony part, selects one of 

the harmony data patterns according to the detected musi­

cal register of the singing voice, and generates the harmony 

voice according to the selected harmony data pattern along 

the corresponding melodic line. For example, the harmony 

generator 2 selects one harmony data pattern corresponding 

to a melodic line having a musical register comparable to the 

detected musical register of the singing voice. The voice an­

alyzer 4 compares a pitch of the collected singing voice with 

a reference data which defines different musical registers in a 

range of the live vocal part so as to determine one musical reg­

ister to which the collected singing voice belongs. The voice 

analyzer 4 sequentially provides the reference data in synchro­

nization with progression of the karaoke accompaniment part 

so as to continuously detect the musical register of the col­

lected singing voice to thereby keep the karaoke harmony part 

consonant with the_ live vocal part throughout the progression 

of the karaoke accompaniment part. 

Figure 2 illustrates another karaoke apparatus which uti­

lizes a song data comprised of a harmony data pattern and 

a reference data pattern. In Figure 2, the same blocks as in 

Figure 1 are denoted by the same numerals to facilitate better 

understanding of this embodiment. The song data 1' includes a 

harmony data pattern, a reference data pattern, and a karaoke 

:. i 
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data pattern to render the accompaniment sound. A voice an­

alyzer 4' analyzes how many degrees the singing voice signal 

is higher or lower than the reference data pattern. The voice 

analyzer 4' may be simplified to detect a register of the singing 

voice signal in terms of an octave. The voice analyzer 4' com­

putes the pitch difference between the reference data pattern 

and the singing voice signal, and sends the computed result 

to a harmony generator 2'. The harmony generator 2' shifts 

the pitch of the harmony data pattern in response to the input 

pitch difference in order to determine the pitch of the harmony 

voice to be rendered. The harmony generator 2' may generate 

the harmony voice signal by processing or modifying the in­

put singing voice signal, or by reproducing a model harmony 

voice signal pre-recorded in advance similarly to the harmony 

generator 2 in Figure 1. 

As described above, in the karaoke apparatus of Figure 2, 

the harmony generator 2' stores a harmony data pattern which 

represents a sequence of notes to define the karaoke harmony 

part, pitch-shifts the sequence of notes according to the de­

tected musical register of the singing voice in terms of the pitch 

difference to thereby tune the harmony data pattern, and gen­

erates the harmony voice according to the tuned harmony data 

pattern. The harmony generator 2' includes the pitch shifter 

for modifying a pitch of the collected singing voice according 

;-,:. 
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to the tuned harmony data pattern to generate the harmony 

voice originating from the singing voice. 

Figure 3 illustrates a karaoke apparatus of another embod­

iment which uses a song data comprised only of a harmony 

data pattern and a karaoke data pattern. In Figure 3, the 

same blocks as in Figure 1 are denoted by the same numerals, 

and the detailed description therefor is omitted hereunder. The 

voice analyzer 4" stores a reference data in the form of three 

fixed threshold data. The three threshold data are named song 

top threshold, male maximum threshold, and female minimum 

threshold. Generally speaking, the vocal melody of an ordi­

nary karaoke song starts at a typical musical register, so that 

it is possible to detect whether the singer is male or female by 

detecting the octave of the singing voice signal at the start of 

the karaoke song performance. Thus, the song top threshold is 

set at a border of the ordinary male and female registers. The 

voice analyzer 411 readily detects . whether the karaoke singer 

· is male or female at the start of the karaoke singing accord­

ing to the song top threshold. The vocal melody may contain 

a sequence of notes having various pitches ranging from high 

to low. However, if the pitch of the singing voice is too high 

relative to the male maximum threshold though the singer is 

initially detected as being male, it may be recognized that the 

singer is changed or the original detection is wrong. This recog-
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nition is done by the male maximum threshold. If the pitch 

of the si~ging voice exceeds the male maximum threshold, the 

singer is detected as being female to cancel the original de­

tection result. On the other hand, if the pitch of the singing 

voice is too low though the singer is initially detected as being 

female, it may be recognized that the singer is changed or the 
. . 

original detection is wrong. This recognition is done by the fe-

male minimum threshold. If the pitch of the singing voice falls 

below the female minimum threshold, the singer is detected as 

being male to cancel the original detection result. The result of 

the male/female recognition is fed to a harmony generator 2". 

The harmony generator 2" determines the pitch of the harmony 

voice signal depending on the detected male/female register in 

terms of octave. · 

Thus, in the embodiment shown in Figure 1, the singing 

voice signal is analyzed using the multiple reference data pat­

terns in order to select the optimum one of the multiple har­

mony data patterns depending on the register analysis result, 

so that the harmony part is made consonant with the singer's 

vocal part. In the embodiments shown in Figures 2 and·3, the 

harmony voice signal can be tuned by the simple arrangement. 

Now the detail of the karaoke apparatus according to the 

present invention will be explained with reference to Figures 4 

to 8. The karaoke apparatus is a sound source type in which 
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a communication facility and a harmonizing facility are imple­

mented. In the sound source type of the karaoke apparatus, 

a song data is fed to a sound source device which reproduces 

the musical sound for a karaoke performance. The song data 

is composed of a multiple tracks of sequence data specifying 

a pitch and a timing of notes. By the communication facility, 

the karaoke apparatus connects with a host station through 

a communication network, downloads the song data from the 

host station, and stores the song data in an HDD (hard disk 

drive) 17 (Figure 4). The HDD 17 can store several hundreds 

to several thousands of the song data files. With the harmoniz­

ing facility, the karaoke apparatus generates and reproduces a 

harmony voiCe harmonizing with the singer's voice in response 

to the analysis of the singer's voice. 

The format of the song data stored in the HDD 17 will be 

described hereunder with reference to Figures 6A to 8. The 

song data may be categorized into type I, type II and type III 

in terms of a number of the reference data patterns for detect­

ing the singer's part or register and a number of the harmony 

data patterns. The type I of the song data is described with 

reference to Figure 1, the type II of the song data is described 

in Figure 2, and the type III of the song data is described in 

Figure 3. 

Figure 6A shows a format of the song data of the type I. The 
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song data comprises a header, an accompaniment sound data 

track, a lyric display data track, a multiple of harmony part 

data tracks corresponding to a multiple of harmony data pat­

terns, and a multiple of part analysis data tracks corresponding 

to a multiple of reference data patterns. The header contains 

various bibliographic data relating to the karaoke song includ-
. . 

ing the title of the karaoke song, the genre of the karaoke song, 

the date of the release of the karaoke song, the performance 

time (length) of the karaoke song and. so on. The accompani­

ment sound data track contains a sequence data to synthesize 

the karaoke accompaniment sound. Particularly, the accom­

paniment sound data track contains parallel instrumental sub-
I 

tracks including a melody track, a rhythm track and so on. 

.. 

Each subtrack contains the sequence data comprised of a note 

event data and a duration data specifying an interval of each "' 

riote event. The lyric display data track records a sequence 

data to display the lyric words of the karaoke song on a video 

monitor. The song data contains n number of the harmony 

part data tracks. The harmony part data track stores a pitch , 

sequence data representing a melody line of a corresponding 

harmony p~t. The pitch sequence data stored in the harmony 

part data track is comprised of a combination of an event data 

commanding.note-on or note-off and a pitch of each note. Fur­

ther, the song data contains m number of the part analysis 
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data tracks. Each part analysis data track stores a sequence 

data. This sequence data is also implemented as a combination 

of an event data and a duration data so that the part analysis 

data track is also kept in synchronization with the progress of 

the karaoke song performance. 

Figures 6B and 6C illustrate the relationship among the 

singer's live part, the harmony part and the analysis part. Fig­

ure 6B shows an example in which the song data contains a 

multiple of singer's parts 1, 2, and 3, and a multiple of har­

mony parts 1, 2, and 3 corresponding to the multiple singer's 

parts. The part analysis data is implemented in the form of 

threshold data 1 and 2 in order to detect which of the singer's 

parts 1to3 is actually sung by the singer. It is evaluated which 

of registers defined by the threshold data 1 and 2 covers the 

singing voice signal in order to detect the part that the singer 

is actually singing, and in order to select the corresponding 

harmony counterpart. 

In another example shown in Figure 6C, the multiple of the 

singer's parts are utilized as they are for both of the analysis 

data parts and the harmony parts. If the karaoke singer sings 

a certain one of the multiple singer's parts, the karaoke appa­

ratus detects that part actually sung by the singer, and selects 

another part as a harmony part to be performed. 

As can be seen from Figures 6B and 6C, the harmony data in 
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these examples does not represent a simple parallel 3rd or 5th 

counterpart melody relative to the singer's part, but represents 

a melody composed uniquely to the singer's part to match well 

with the singer's part from the musical point of view on the 

melodic or harmonic aspect of the karaoke song. 

Figure 7 shows an example of the song data of the type II. 
. . 

The song data comprises a header, an accompaniment sound 

data track, a lyric display data track, a harmony part data 

track, and a part analysis data track. The header, the accom­

paniment sound data track and ·the lyric display data track 

are formed similarly as in the song data of the type I. Only 

one harmony part data track is provided in this example. The 

harmony voice signal is generated by shifting the pitch of the 

harmony part data at a certain degree (normally an octave) 

depending on the musical register in which the singer is actu­

ally singing ~he vocal part. The part or register sung by the 

karaoke singe~ is detected according to the pitch difference be­

tween the singing voice signal and the pitch analysis data. The 

melody line of the harmony part may be the same as that of 

the karaoke singer's p~t as in the case of Figure 6C. 

Figure 8 shows an example of the song data of the type III. 

The song data comprises a header, an accompaniment sound 

data track, a lyric display data track, and a harmony part data 

track. The header, the accompaniment sound data track and 

. .., 
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the lyric display data track are formed similarly as in the type 

I of the song data. The harmony melody line prescribed in the 

harmony part data track is pitch-shifted to create the harmony 

voice signal as in the case of the type II of the song data. Since 

the part analysis data is not included in the song data, the part 

sung by the singer is detected by comparing the singer's voice 

signal with fixed thresholds stored in a part analyzer. The 

harmony part data track is pitch-shifted to malrn the harmony 

voice signal consonant with the detected singer's part. 

The karaoke apparatus according to the present invention 

supports any of the above described three types of the song 

data. The part sung by the karaoke singer is detected according 

to different analysis methods specific to each song data type 

so as to tune the harmony part in harmonization with the 

detected live vocal part or the register thereof. 

Figure 4 is a detailed schematic block diagram of the karaoke 

apparatus. A CPU 10 controls the whole system through its 

system bus. The CPU 10 is connected to a ROM 11, a RAM 

12, an HDD (hard disk drive) 17, an ISDN controller 16, a 

remote control receiver 13, a display panel 14, a switch panel 

15, a sound source 18, a voice data processor 19, an effect 

DSP 20, a character generator 23, an LD changer 24, a display 

controller 25, and a voice processing DSP 30. 

The ROM 11 stores system programs, application programs, 
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a loader program and font data. The system program controls 

the basic operation of the system and data transaction between 

peripheral devices and the system. The application programs 

include peripheral device controllers, sequence programs and 

so on. In the karaoke performance, each sequence program 

is executed by the CPU 10 to reproduce the musical sound 
. . 

and video image according to the song data. With the loader 

program, song data are loaded from a host station through the 

ISDN controller 16. The font data is used to display lyrics and 

song titles. Various fonts such as 'Mincho' and 'Gothic' are 

stored as the font data. A work area is allocated in the RAM 

12. The HDD 17 stores the song data files. 

The ISDN controller 16 controls the communication with 

.the host station through an ISDN network. Various data in­

cluding the song data are downloaded from the host station. 

The ISDN controller 16 accommodates a DMA controller which 

writes data and programs such as the downloaded song data 

and application programs directly into the HDD 17 without 

the control of the CPU 10. 

The remote control receiver 13 receives infrared control sig­

nals transmitted by a remote controller 31, and decodes the· 

received control signals. The remote controller 31 is provided 

with ten-key switches and command switches such as a song se­

lector switch. The remote controller 31 transmits the infrared 

.·t.' 
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control signal modulated by command codes corresponding to 

the user's operation of the switches. The display panel 14 is 

provided at the front face of the karaoke apparatus. The dis­

play panel 14 displays a song code of the karaoke song currently 

playbacked, a number of the songs reserved to be playbacked 

and so on. The switch panel 15 is provided on a front operation 

panel of the karaoke apparatus. The switch panel 15 includes 

a song code input switch, a singing key transpose switch and 

so on .. 

The sound source 18 is composed of a tone generator to 

generate the accompaniment sound according to the song data 

distributed by the CPU 10. The voice data processor 19 gener­

ates back chorus voice signals or else having a specified length 

and pitch corresponding to chorus voice data included in the 

song data. The voice data is formed of an ADPCM waveform 

data of a backing chorus or else which is hard to synthesize by 

the sound source 18, and which is digitally encoded as it is. 

A microphone 27 collects or picks up the singing voice signal 

of the karaoke singer. The collected singing voice signal is fed to 

the voice processing DSP 30 through a preamplifier 28 and an 

A/D converter 29. Additionally to the singing voice signal, the 

DSP 30 also receives the part analysis data and the harmony 

part data from the CPU 10. The voice processing DSP 30 

detects the part sung by the karaoke singer according to the 
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input part analysis data, and generates a harmony voice signal 

harmonizing with the singer's part. The harmony voice signal 

is generated by shifting the pitch of the singer's voice signal. 

The g~nerated harmony voice signal is fed to the effect DSP 

20. 

The effect DSP 20 receives the accompaniment sound signal 
. . 

generated by the sound source 18, the backing chorus voice sig-

nal generated by the voice data processor 19, and the harmony 

voice signal generated by the voice processing DSP 30. The ef­

fect DSP 20 imparts various sound effects such as an echo and 

. a reverb to the sound and voice signals. The type and depth of 

the sound effects imparted by the effect DSP 20 is controlled 

based on an effect control data included in the accompaniment 

sound track of the song data. The effect-imparted accompa­

niment sound and voice signals are converted into an analog 

signal in a D /A converter 21, and are then fed to an ampli­

fier/ speaker 22. The amplifier/ speaker . 22 acoustically repro­

duces the input analog signal with amplification. 

The character generator 23 generates character patterns rep­

resentative of a song title and lyrics corresponding to input 

character data. The LD changer 24 accommodates about five 

laser discs containing 120 scenes, and can selectively reproduce 

approximately 120 scenes of the background video image. The 

LD changer 24 receives an image selection data determined 

.. 
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dependently upon the genre data included in the song data. 

The LD changer 24 selects one background video image from 

the 120 scenes of the video images, and visually reproduces 

the video image. The generated character pattern data and 

the selected video image data are sent to the display controller 

25. The display controller 25 superposes the two input data 

with each other, and displays the composite image on the video 

monitor 26. 

Figure 5 illustrates the detailed structure of the voice pro­

cessing DSP 30. The voice processing DSP 30 analyzes the 

input singing voice signal in order to generate an audio signal 

of a harmony part consonant with the singing voice signal. In 

Figure 5, the voice processing DSP 30 is illustrated function­

ally by blocks. These functions are actually implemented by 

microprograms of the DSP. 

The singing voice signal provided through the A/D con­

verter 29 is .fed to a pitch detector 40, .a syllable detector 42, 

and a pitch shifter 43. The pitch detector 40 detects a pitch or 

frequency of the input singing voice signal. The syllable detec­

tor 42 detects each syllable contained in the input singing voice 

signal. The syllables are detected by discriminating consonants 

and vowels depending upon their phonetic characteristics. The 

pitch shifter 43 shifts the pitch of the input singing voice sig­

nal to generate the harmony voice signal harmonizing with the 

., . . . , 
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input singing vol.ce signal. Thus, the collected karaoke singer's 

voice is output as it is through one channel, and is also pitch­

shifted by the voice processing DSP 30 to be converted into 

the harmony voice signal harmonizing with the singer's voice 

in parallel to· the accompaniment sound signal. 

The pitch information detected by the pitch detector 40 

is fed to a part analyzer 41 and a pitch shift controller 46. 

The part analyzer 41 receives reference information aboµt the 

song data type (I to III) and the part analysis data. The part 

analyzer 41 analyzes and detects the part of the karaoke song 

sung by the karaoke singer according to the song data type 

information and the pitch information detected by the pitch 

detector 40. The part analysis method will be described later 

in detail. 

The result. of the part analysis by the part analyzer 41 is fed 

back to the CPU 10, and then fed to the pitch shift controller 

46. In case of the type I of the song data, the CPU _10 selects 

one of the harmony part data tracks, and transfers the selected 

harmony part data to a harmony part register 44 included in 

the voice processing DSP 30. In case of the type II or III of the 

song data, only one harmony part data track is stored so that 

the harmony part data of the sole track is sent to the harmony 

part register 44 of the voice processing DSP 30. 

The harmony part data stored in the harmony part register 

..... 

.. 
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44 is read out in response to an address pointer generated by a 

pointer generator 45, and is then fed to the pitch shift controller 

46. The pointer generator 45 increments the address pointer in 

·response to the syllable information generated by the syllable 

detector 42. ·Thus, the melody line of the harmony part does 

not progress in synchronization with a constant tempo clock, 

but progresses in synchronization V{ith the actual tempo of 

the karaoke singer's vocal performance so that the generated 

harmony part synchronizes well with the singer's vocal part 

even if the singer sings out of the constant tempo. 

The pitch shift controller 46 computes a pitch shift amount 

to be applied to the input singing voice signal depending upon 

the detected pitch and register of the input singing voice signal 

and the. harmony part data read out from the harmony part 

register 44 hi order to generate a harmony voice signal con­

sonant with the input singing voice and the accompaniment 

sound. The pitch shift amount computed by the pitch shift 

controller 46 is fed to the pitch shifter 43 as a pitch shift con­

trol data. The pitch shifter 43 shifts the pitch of the collected 

singing voice signal according to the input pitch shift control 

data. The pitch-shifted voice signal harmonizes well with the 

singing voice signal and the. accompaniment sound signal pro­

vided that the singer is singing the song at the regular pitch. 

The pitch-shifted voice signal is sent to the effect DSP 20. 
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Now, the part analysis method and the pitch shift computa­

tion method will be explained with respect to each of the song 

data types I to III. In case of the type I song data shown in Fig~ 

ures 6A-6C, a multiple of the part analysis data are distributed 

to the part analyzer 41. The part analyzer 41 analyzes the reg­

ister of the singing voice signal according to the part analysis 
. . 

data which define thresholds of different registers. According 

to the analysis result, a harmony part corresponding to the 

detected register is selected. The result of the part analysis 

is sent to the CPU 10. Depending upon the part analysis re­

sult, the CPU 10 selects one harmony part out of the harmony 

part data tracks, reads out the selected harmony part, and 

sends the same to the harmony part register 44. As for the 

type I song data, the optimum harmony part is selected out of 

the multiple harmony part data tracks. The selected harmony 

part data represents a sequence of absolute pitch data of the 

harmony melody line. The pitch shift controller 46 computes 

a pitch difference between the singing voice and the harmony 

melody line to determine the. pitch shift amount applied to 

the singing voice signal in order to shift the same to the ab-

- solute pitch of the selected harmony part. In the explanation 

above, the part analysis data is assumed to be stored as the 

threshold data as shown in Figure 6B. However, if the part 

analysis data is stored as a multiple of part melody data, it 

A 

·' 

... 
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is possible to detect which of the part melody data coincides 

with the singing voice signal, and it is possible to generate the 

harmony part other than the detected melody part. The part 

analyzer 41 continuously analyzes the part or register of the 

singing voice so that the harmony part can be switched even 

when the singer transposes his/her melody part in the middle 

of the singing performance. 

With respect to the type II of the song data shown in Figure 

7, the part analyzer 41 computes a pitch difference between the 

part analysis data and the singing voice signal. A pitch shift 

adjustment to be applied to the harmony part is determined 

according to the computed pitch difference. The derived pitch 

shift adjustment is given to the pitch shift controller 46 as the 

part analysis. result. The harmony data register 44 stores the 

sole harmony part data prepared for the song. The harmony 

part data stored in the harmony part register 44 is distributed 

to t~e pitch shift controller 46 according to the address pointer 

fed from the pointer generator 45. The pitch shift controller 

46 generates the final pitch shift information according to the 

pitch difference between the singing voice signal and the har­

mony part data and according to the pitch shift adjustment 

distributed by the part analyzer 41. The final pitch shift infor­

mation is fed to the pitch shifter 43. With this harmony part 

processing, eyen when the singer transposes his/her melody 
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part by an octave to sing within the register of his/her voice, 

the harmony part can adapt to the transposition of the regis­

ter, and an optimum harmony voice can be generated in the 

adequate register. 

As for the type III of the song data shown in Figure 8, the 

song data does not contain the part analysis data. With re­

spect to the type III of the song data, the part analyzer 41 

analyzes the register of the singer using fixed three threshold 

data, which are the male maximum threshold, the female min­

imum threshold, and the song top threshold. In the beginning 

of the song, the singer's voice signal is compared with the song 

top threshold. In this comparison, the singer is detected as be­

ing female if the pitch of the singer's voice signal is higher than 

the song top· threshold. If the singer is detected as a female, 

the absolute pitch of the harmony part is shifted into the _ fe­

male or male register. Particularly, the harmony part is shifted 

into the female register if the harmony voice of the same gen­

der is required, or shifted into the male register if the harmony 

voice of the opposite gender is required. On the other hand, 

the singer is detected as being male if the pitch of the singer's 

voice signal is lOwer than the song top threshold. The pitch 

of the harmony part is shifted to the male or female register 

similarly to the case of the female singer described above. 

The effect 'DSP 20 may add not only a typical effect such as 

.. 
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the reverb, but also a certain special effect such as a formant 
. 

conversion. 

As descriqed above, the karaoke apparatus of the present 

invention carries out the part analysis to generate the harmony 

voice signal depending on the number of the harmony part data 

tracks and the number of the reference data tracks included 

in the song data. Thus, an optimum harmony voice can be 

generated for the various types of the song data. 

As shown in the foregoing, according to the first aspect of 

the invention, the musical register of the live singing voice is 

continuously analyzed to tune a corresponding harmony voice 

so that it is possible to generate the optimum harmony voice 

consonant w~ll with the karaoke singing voice .. According to 

the second aspect of the invention, an optimum harmony voice 

can be generated for all the voice registers, not by merely shift­

ing the singing voice, but by selecting an optimum one of mul­

tiple harmony part data. According to the third aspect of 

the invention, even if the singing voice is raised or lowered 

an octave, the frequency of the harmony voice can be shifted 

accordingly so that it is possible to retain an optimum pitch 

interval between the singing voice and the harmony voice. Ac­

cording to the fourth aspect of the invention, the musical reg­

ister of the singing voice is detected according to the frequency 

threshold data varying in synchronism with the karaoke perfor-

- i 
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mance. Consequently, it is possible to carry out the harmony 

part control and the part analysis of the singing voice inde­

pendently from each other so that the harmony voice totally 

different from the singing voice can be generated independently 

upon the melody of the singing voice. Further, it is possible to 

detect the part of the singing voice even if the singing voice is 

out of tune provided that the singing voice belongs to a range 

defined by the thresholds. 
.! 
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What is claimed is: 

1. A karaoke apparatus constructed to perform a karaoke 

accompaniment part and a karaoke harmony part for ac­

companying a live vocal part, comprising: 

a pickup device that collects a singing voice of the live 

vocal part; 

a detector device that analyzes the collected singing voice 

to detec~ a musical register thereof at which the live vocal 

part is actually performed; 

a harmony generator device that generates a harmony 

voice of the karaoke harmony part according to the de­

tected musical register so that the karaoke harmony part 

is made consonant with the live vocal part; and 

a tone generator device that generates an instrumental 

tone of the karaoke accompaniment part in parallel to the 

karaoke harmony part .. 

2. A karaoke apparatus according to claim 1, wherein the 

harmony generator device comprises storing means for 

storing a plurality of harmony data patterns correspond­

ing to a plurality of melodic lines differently registered in 

the karaoke harmony part, selecting means for selecting 

one of the harmony data patterns according to the de­

tected musical register of the singing voice, and generating 
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means for generating the harmony voice according to the 

selected harmony data pattern along the corresponding 

melodic line. 

3. A karaoke apparatus according to claim 2, wherein these­

lecting means comprises means for selecting one harmony 

c;lata pattern corresponding to a melodic line having a mu­

sical register comparable to the detected musical regist.er .. 

of the singing voice. 

4. A karaoke apparatus according to claim 1, wherein the 

harmony generator device comprises storing means for 

storing a harmony data pattern which represents a se­

quence of notes to define the karaoke harmony part, shift­

ing meaJ?.S for pitch-shifting the sequence of notes accord­

ing to the detected musical register of the singing voice to 

thereby tune the harmony data pattern, and generating 

means for generating the harmony voice according to the 

tuned harmony data pattern. 

5. A karaoke apparatus according to claim 4, wherein the 

generating means comprises means for modifying a pitch 

of the collected singing voice according to the tuned har­

mony data pattern to generate the harmony voice origi­

nating from the singing voice. 

6. A karaoke apparatus according to claim 1, wherein the 
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harmony generator device comprises means for modifying 

a pitch of the collected singing voice according to the de­

tected musical register thereof to generate the harmony 

v01ce. 

7. A karaoke apparatus according to claim 1, wherein the 

harmony generator device comprises means for generating 

the harmony voice which has a musical register different 

by one octave from the detected musical register of the 
. . . s1ng1ng v01ce. 

8. A karaoke apparatus according to claim 1, wherein the 

detector device comprises comparing means for comparing 

a pitch of the collected singing voice with a reference data 

which defines different. musical registers in a range of the 

live vocal part so as to determine one musical register to 

which the collected singing voice belongs. 

9. A karaoke apparatus according to claim 8, wherein the 

detector device further comprises providing means for se­

quentially providing the reference data in synchronization 

with progression of the karaoke accompaniment part so 

as to continuously detect the musical register of the col­

lected singing voice to thereby keep the karaoke harmony 

part consonant with the live vocal part throughout the 

progression of the karaoke accompaniment part. 
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10. A karaoke apparatus according to claim 8, wherein the 

detector device further comprises providing means for ini­

tially providing the reference data at the start of the karaoke 

accomp~niment part so as to readily detect the musical 

register of the collected singing voice. 

11. A. method. of performing a karaoke accompaniment part 

and a karaoke harmony part for accompanying a live vocal .. 

part, comprising the steps of: 

collecting a singing voice of the live vocal part; 

analyzing the collected singing voice to detect a musical 

register thereof at which the live vocal part is actually 

performed; 

generating a harmony voice of the karaoke harmony part 

according to the detected musical register so that the ~ 

karaoke harmony part is made consonant with the live 

vocal part; and 

generating an instrumental tone of the karaoke accompa­

niment part in parallel to the karaoke harmony part. 

12. A method according to claim 11, wherein the step of gen­

erating a harmony voice comprises the steps of storing a 

plurality of harmony data patterns corresponding to a plu­

rality of melodic lines differently registered in the karaoke 

harmony part, selecting one of the harmony data patterns 
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according to the detected musical register of the singing 

voice, and generating the harmony voice according to the 

selected harmony data pattern along the corresponding 

melodic line. 

13. A method according to claim 12, wherein the step of se­

lecting comprises selecting one harmony data pattern cor­

responding to a melodic line having a musical register 

comparable to ·the detected musical register of the singing 
. 

voice. 

14. A method according to claim 11, wherein the step of gen­

erating a harmony voice comprises steps of storing a har­

mony data pattern which represents a sequence of notes 

to define the karaoke harmony part, pitch-shifting these­

quence of notes according to the detected musical register 

of the singing voice to thereby tune the harmony data pat­

tern, and generating means for generating the harmony 

voice according to the tuned harmony data pattern. 

15. A method according to claim 14, wherein the step of gen­

erating the harmony voice comprises modifying a pitch of 

the collected singing voice according to the tuned harmony 

data pattern to generate the harmony voice originating 

from the singing voice. 

16. A method according to claim 11, wherein the step of gen-
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erating a harmony voice comprises modifying a pitch of 

the collected singing voice according to the detected mu­

sical register thereof to generate the harmony voice. 

17. A metho_d according to claim 11, wherein the step of gener­

ating a harmony voice comprises generating the harmony 

yoice whi~ has a musical register different by one octave 

from the detected musical register of the singing voice. 

18. A method according to claim 11, wherein the step of an­

alyzing the collected singing voice comprises comparing a 

pitch of the collected singing voice with a reference data 

which defines different musical registers in a range of the 

live vocal part so as to determine one musical register to 

which the collected singing voice belongs. 

19. A method according to claim 18, wherein the step of an­

alyzing the collected singing voice further comprises se­

quentially providing the reference data in synchronization 

with progression of the karaoke accompaniment part so 

as to continuously detect the musical register of the col­

lected singing voice to thereby keep the karaoke harmony 

part consonant with the live vocal part throughout the 

progression of the karaoke accompaniment part. 

20. A method according to claim 18., wherein the step of an­

alyzing the collected singing voice further comprises ini-
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tially providing the reference data at the start of the karaoke 

accompaniment part so as to readily detect the musicaI: 

register of the collected singing voice. 


