
1 KARAOKE APPARATUS IMPARTING DIFFERENT EFFECTS TO VOCAL AND CHORUS SOUNDS
BACKGROUND OF THE INVENTION The present invention relates to a karaoke
apparatus pro- vided with a harmonizing facility to generate a harmony
signal musically harmonizing with a karaoke singing voice. There is a known
karaoke apparatus which reproduces karaoke sound with adding sound effects
such as echo and reverbera- tion to a vocal signal picked up by a
microphone in order to enrich the karaoke performance. Further, a recent
karaoke apparatus is provided with harmo- nizing facility to generate a
harmony chorus signal harmonizing with the karaoke singing voice. The
applicant has already pro- posed such a karaoke apparatus in Japanese
Patent Application No. Hei 7-16181. In this patent application, the
harmonizing facility is achieved by shifting a pitch of the vocal signal to
gen- erate the harmony signal harmonizing with the singing voice. The
generated harmony signal is mixed with the singing voice. In the prior art
noted above, the sound effects such as echo and reverberation are added to
an audio signal generated by mixing the input vocal signal and the harmony
signal. Ac- cordingly, the same sound effect is always added to the
original    2 



vocal signal and the synthesized harmony signal. However, the type or depth
of the sound effect suitable for the original vocal signal is different
from that for the harmony signal. For example, a certain type or depth of
the sound effect is appropriate for the original vocal signal, but the same
effect may be excessive or insufficient for the harmony signal. On the
other hand, even if a certain type or depth of the effect may be good for
the harmony signal, the same effect may be excessive or insufficient for
the vocal signal. A compromised type or depth of the sound effect may be
selected for both of the vocal and harmony signals, but the compromised one
may not be optimum for both of the signals. Further, the signal processing
for generating or synthesizing the harmony signal takes several
mili-seconds to several tens mili-seconds, and thus the harmony signal
follows the vocal signal with a delay. Addition of the same effect of the
vocal signal to such a delayed harmony signal without considering the delay
may result in an unnatural harmonizing effect. Thus, the singer may be
disturbed by the effect. SUMMARY OF THE INVENTION The purpose of the
present invention is to solve the problems noted above, and to provide
optimum sound effects indepen- dently for the vocal and harmony signals so
that the karaoke    3 



singer can comfortably sing in karaoke performance. According to the
invention, a karaoke apparatus comprises a pickup device that collects a
singing voice sound to convert the same into a corresponding vocal signal,
a music genera- tor device that generates a music signal representative of
a karaoke accompaniment sound which is selected to accompany the singing
voice sound, a harmony generator device that gen- erates a harmony signal
representative of a harmony chorus sound which is made consonant with the
singing voice sound, a first processor device that processes the vocal
signal to im- part an effect to the collected singing voice sound, a second
processor device that processes the harmony signal separately from the
vocal signal to impart another effect to the harmony chorus sound
independently from the singing voice sound, and a sound device that
amplifies the processed vocal signal, the processed harmony signal and the
generated music signal so as to sound the singing voice sound, the harmony
chorus sound and the karaoke accompaniment sound concurrently with each
other. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a schematic block
diagram illustrating an em- bodiment of a karaoke apparatus according to
the present in- vention.    4 



Figure 2 is a schematic block diagram illustrating an ar- rangement of a
harmony generator device in the embodiment of the inventive karaoke
apparatus. Figure 3 is a schematic block diagram illustrating an ar-
rangement of a DSP in the embodiment of the inventive karaoke apparatus.
Figure 4 is a schematic block diagram illustrating an ax- rangement of a
frequency response adjustor provided in the DSP. Figure 5 is a schematic
block diagram illustrating an ar- rangement of an echo controller provided
in the DSP. Figure 6 is a schematic block diagram illustrating another
arrangement of the echo controller provided in the DSP. Figure 7 is a
schematic block diagram illustrating an ar- rangement of a reverberation
controller provided in the DSP. Figures 8(a), 8(b) and 8(c) are a graphic
chart illustrating various sound effects applied to a main vocal signal
picked up via a microphone. Figures 9(a), 9(b) and 9(c) are a graphic chart
illustrating various sound effects applied to harmony signals harmonizing
with the main vocal signal. Figures 10(a)-10(d) are a graphic chart
illustrating various sound effects applied to a karaoke music signal.
DETAILED DESCRIPTION OF THE INVENTION    



Details of an embodiment of the present invention will be described with
reference to the drawings hereunder. Figure 1 is a schematic block diagram
illustrating a karaoke apparatus according to the present invention.
However, the present in- vention is not limited only to the embodiment
described below. In Figure 1, a pickup device such as a microphone 1 picks
up or collects a singing voice sound of a karaoke singer, then con- verts
the same into an electric vocal signal, and outputs the vocal signal. The
vocal signal is divided into an original sound processing system OS and a
harmony signal generating sys- tem HS. In the original sound processing
system OS, an A/D (Analog/Digital) converter 2 converts the original vocal
signal into a corresponding digital signal. A first processor device in the
form of a DSP (Digital Signal Processor) 3 adds or imparts various sound
effects such as echo, reverberation and frequency response to the vocal
signal digitized by the A/D converter 2. The effect-imparted vocal signal
is converted into an analog signal by a D/A (Digital/Analog) converter 4.
In the harmony signal generating system HS, an A/D con- verter 5 converts
the input vocal signal into a corresponding digital signal. The pitch of
the digitized vocal signal fed from the A/D converter 5 is shifted by a
harmony generator device 6 in order to generate a harmony signal musically
harmonizing with the original vocal signal. A DSP 7 is a second processor



device structured similarly to the DSP 3 so as to add various sound effects
to the harmony signal generated by the harmony generator device 6. The
harmony signal processed and effect- added by the DSP 7 is converted into
an analog signal by a D/A converter 8. The output of the D/A converter 8 is
mixed with the original vocal signal fed from the D/A converter 4. An A/D
converter 9 converts a music signal representative of a karaoke
accompaniment sound including a melody part and a rhythm part, which are
provided based on a song data stored in an external memory media such as LD
(Laser Disc) and CD (Compact Disc), into a corresponding digital signal. A
third processor device in the form of a DSP 10 adds various sound effects
such as echo, reverberation and frequency response to the music signal
digitized by the A/D converter 9. However, the structure of the third DSP
10 is slightly different from that of the first DSP 3 and the second DSP 7
as described later. The music signal processed and effect-added by the DSP
10 is converted into an analog signal by a D/A (Digital/Analog) converter
11. The output of the D/A converter 11 is mixed with the signals fed from
the D/A converters 4 and 8. An amplifier 12 amplifies the mixed signals of
the outputs from the respective D/A converters 4, 8, and 11. A loudspeaker
SP acoustically reproduces the mixed sound signals amplified by the
amplifier 12. Namely, the amplifier 12 and the loud-    



7 speaker SP constitute a sound device. A CPU 13 controls operation of the
whole system. The CPU 13 controls the harmony generator device 6 and the
DSPs 3, 7, and 10 in response to key input information from a key
controller 14. The key input information includes a command of song
selection, a designation of an effect mode such as echo, and a command for
the harmony generation. Further, the CPU 13 constitutes a part of a music
generator device for generating the music signal. The detailed structure of
the harmony generator device 6 will be described hereunder with reference
to Figure 2. As shown in Figure 2, the harmony generator device 6 is com-
prised of a filter 60 and pitch converters 61 to 64. The filter 60
eliminates undesirable noise components from an input of the original vocal
signal. The pitch converters 61 to 64 shift the pitch (frequency) of the
original vocal signal passed through the filter 60 by predetermined degrees
in order to generate a harmony signal representative of a harmony chorus
sound har- monizing well with the original singing voice sound. In the
present embodiment, it is possible to present parallel parts of the chorus
sound having various chords by generating the har- mony chorus sound
through channels of the four pitch convert- ers 61 to 64. The parameters to
control the pitch shift can be stored in a ROM. The CPU 13 reads out the
parameters from   



8 the ROM in order to distribute them to the pitch converters 61 to 64. The
structure of the DSPs 3, 7, and 10 will be described hereunder with
referring to Figures 3 to 7. The structure of the first DSP 3 which
processes the original vocal signal is the same as that of the second DSP 7
which handles the signal processing on the harmony signal. However, the
structure of the third DSP 10, which handles the music signal, is different
from that of the DSPs 3 and 7 with respect to an echo con- troller. The
difference will be described later. Therefore, the general structure of the
DSP is explained referring to the first DSP 3 as an example, and the
structure of the DSP 10 will be described later with respect to the echo
controller. Figure 3 is a schematic block diagram illustrating an em-
bodiment of the DSP 3. In Figure 3, the DSP 3 is comprised of an LPF (Low
Pass Filter) 31, an HPF (High Pass Filter) 32, a frequency response
adjustor 33, an echo controller 34, and a reverberation controller 35. The
LPF 31 and HPF 32 eliminate noises such as harmonics and low frequency
components, and pass only a necessary frequency range of the input signal.
The frequency response adjuster 33 is structured in the form of a digital
filter as shown in Figure 4. In Figure 4, filter coefficients A0, A1, A2,
B1, B2 are controlled by the CPU 13 according to the parameters read out
from a ROM in response  



9 to key input information provided by the key controller 14. The input
vocal signal is adjusted to have a certain frequency characteristic
specified by the parameters. The echo controller 34 is also structured in
the form of a digital filter as shown in Figure 5. In Figure 5, input
signals L and R are attenuated by attenuators 51 and 52, and then a
differential signal L-R is generated by an adder 53. The differ- ential
signal L-R is fed to a delay memory 55 through a filter 54, which is used
for adjustment of "surround" component. The memory 55 creates a delay time
for the input vocal signal. The delay time corresponds to an interval
between write/read timings of the memory 55. The differently delayed
signals de- rived from the memory 55 are attenuated by attenuators 56, and
are mixed by an adder 57. By these signal processings, a desired echo
pattern can be produced for the vocal signal. The delay time can be
controlled according to the write/read timing of the memory 55, while the
echo level is controlled by coefficients of the attenuators 56. An echo
controller 34' of the third DSP 10 is structured as shown in Figure 6. In
case of the echo controller 34', delayed signals from the memory 55 are
divided into two channels L and R. The divided signals L and R are
independently attenuated from each other by attenuators 56L and 56R for
each channel, and are then mixed by adders 57L and 57R. The rest of the 



10 structure is the same as that of the echo controller 34 described
before. The reverberation controller 35 is structured in the form of a
digital filter as shown in Figure 7. In Figure 7, a reverberation pattern
can be controlled by modifying delay times and gain coefficients g1 and g2
in delays 71 and 72. The DSPs 3, 7, 10 are independently controlled by the
CPU 13 according to different parameters in order to control the sound
effect signal processings for respective ones of the vocal signal, harmony
signal and music signal separately from each other. Now, the operation of
the embodiment of the inventive karaoke apparatus will be described
hereunder. The original vocal signal is divided into the original sound
processing sys- tem OS and the harmony signal generating system HS. In the
original sound processing system OS, the vocal signal is con- verted into a
digital signal by the A/D converter 2, and then the first DSP 3 adds sound
effects appropriate for the main singing voice sound to the digital vocal
signal. For example, the main vocal signal is adjusted to have a desired
frequency characteristic as shown in Figure 8(a), and is added with a
suitable echo pattern and a reverberation pattern as shown in Figures 8(b)
and 8(c), respectively. The effect-added vocal sig- nal is converted into
an analog signal by the D/A converter 



4.    On the other hand, the original vocal signal branched into the
harmony signal generating system HS is converted into a digital signal, and
then the pitch of the vocal signal is shifted by the harmony generator
device 6 to generate a harmony signal harmonizing with the original vocal
signal. The harmony signal is added with sound effects appropriate for the
harmony chorus sound by the second DSP 7. For example, the harmony signal
is adjusted to have a desired frequency characteristic as shown in Figure
9(a), and is added with a suitable echo pattern as shown in Figure 9(b).
The echo pattern of Figure 9(b) may be set weaker or more moderate than the
echo pattern of Figure 8(b). However, the reverberation pattern is not
applied to the harmony signal as shown in Figure 9(c) so as to discriminate
the harmony chorus sound from the singing voice signal. The effect-added
harmony signal is converted into an analog signal by the D/A converter 8,
and is then mixed with the vocal signal outputted from the D/A converter 4.
The music signal reproduced or generated from the karaoke song data read
out from the external memory media is con- verted into a digital signal by
the A/D converter 9, and then the third DSP 10 applies sound effects
suitable for the karaoke accompaniment sound. For example, the frequency
character- istic of the music signal is adjusted as shown in Figure 10(a) 



so that the singer can easily keep track of the rhythm of the    12 karaoke
accompaniment. For the echo patterns of the music signal of the channels L
and R, a relatively short delay time and a great repeat rate are selected
as shown in Figures 10(b) and 10(c). The delay time of the reverberation
pattern is ad- justed rather short as shown in Figure 10(d). The
effect-added music signal is mixed with the vocal signal and the harmony
signal, and then the mixed audio signal is amplified by the amplifier 12 to
drive the speaker SP. As described above, in the inventive karaoke
apparatus, the pickup device such as the microphone 1 collects a singing
voice sound to convert the same into a corresponding vocal signal. The
music generator device including the CPU 13 generates a music signal
representative of a karaoke accompaniment sound which is selected to
accompany the singing voice sound. The harmony generator device 6 generates
a harmony signal rep- resentative of a harmony chorus sound which is made
conso- nant with the singing voice sound. The first processor device in the
form of the DSP 3 processes the vocal signal to im- part an acoustic effect
to the collected singing voice sound. The second processor device in the
form of the DSP 7 pro- cesses the harmony signal separately from the vocal
signal to impart another acoustic effect to the harmony chorus sound 



independently from the singing voice sound. The sound device including the
amplifier 12 and the loudspeaker SP amplifies    13 the processed vocal
signal, the processed harmony signal and the generated music signal so as
to sound the singing voice sound, the harmony chorus sound and the karaoke
accompa- niment sound concurrently with each other. The first DSP 3 imparts
a relatively strong effect to the singing voice sound while the second DSP
7 imparts a relatively weak or moderate effect to the harmony chorus sound.
The first DSP 3 and the second DSP 7 impart an effect selected from a group
consist- ing of echo, reverberation and frequency response at different
degrees between the singing voice sound and the harmony cho- rus sound. The
karaoke apparatus further includes the third processor device in the form
of the DSP 10 that processes the music signal separately from the vocal
signal and the harmony signal to impart a further effect to the karaoke
accompani- ment sound independently from the singing voice sound and the
harmony chorus sound. The harmony generator device 6 shifts a pitch of the
vocal signal to modify the same into the harmony signal. As described
above, the original vocal signal, the synthesized harmony signal and the
generated music signal are processed respectively by the DSPs 3, 7, and 10,
which are independently controlled by the CPU 13, so that the optimum 



sound effect for each signal can be obtained. The harmony generator device
6 is comprised of four pitch converters 61 to 64 in the disclosed
embodiment described    14 above. However, the number of the pitch
converter is not lim- ited to that. Any number of supplemental pitch
converters can be added to the harmony generator device 6. The present
invention can be applied to a network karaoke system. In the network
karaoke system, the music signal is generated by a mu- sic generator device
in response to MIDI (Musical Instrument Digital Interface) data distributed
by a host computer through the network. The parameters to control the pitch
converters 61 to 64 can be included in the MIDI data transmitted from the
host computer. As described above, according to the present invention, the
vocal signal and the harmony signal can be added with differ- ent kinds and
depths of sound effects independently from each other. Thus, the optimum
sound effect for each signal can be selected so that the karaoke singer can
comfortably sing in the karaoke performance.    What is claimed is: 



1. A  karaoke apparatus comprising: a pickup device that collects a singing
voice sound to con- vert the same into a corresponding vocal signal; a
music generator device that generates a music signal representative of a
karaoke accompaniment sound which is selected to accompany the singing
voice sound; a harmony generator device that generates a harmony sig- nal
representative of a harmony chorus sound which is made consonant with the
singing voice sound; a first processor device that processes the vocal
signal to impart an effect to the collected singing voice sound; a second
processor device that processes the harmony sig- nal separately from the
vocal signal to impart another effect to the harmony chorus sound
independently from the singing voice sound; and a sound device that
amplifies the processed vocal signal, the processed harmony signal and the
generated music sig- nal so as to sound the singing voice sound, the
harmony chorus sound and the karaoke accompaniment sound con- currently
with each other. 2. A karaoke apparatus according to claim 1, wherein the
16 first processor device imparts a relatively strong effect to the singing
voice sound while the second processor device 



imparts a relatively weak effect to the harmony chorus sound. 3. A karaoke
apparatus according to claim 1, wherein the first processor device and the
second processor device im- part an effect selected from a group consisting
of an echo, a reverberation and a frequency response at different de- grees
between the singing voice sound and the harmony chorus sound. 4. A karaoke
apparatus according to claim 1, further com- prising a third processor
device that processes the music signal separately from the vocal signal and
the harmony signal to impart a further effect to the karaoke accompa-
niment sound independently from the singing voice sound and the harmony
chorus sound. 5. A karaoke apparatus according to claim 1, wherein the
harmony generator device shifts a pitch of the vocal signal to modify the
same into the harmony signal. 6. A method of performing karaoke comprising
the steps of: collecting a singing voice sound to convert the same into a
corresponding vocal signal;    generating a music signal representative of
a karaoke ac- companiment sound which is selected to accompany the singing
voice sound; generating a harmony signal representative of a harmony 



chorus sound which is made consonant with the singing voice sound;
processing the vocal signal to impart an effect to the col- lected singing
voice sound; processing the harmony signal separately from the vocal signal
to impart another effect to the harmony chorus sound independently from the
singing voice sound; and amplifying the processed vocal signal, the
processed har- mony signal and the generated music signal so as to sound
the singing voice sound, the harmony chorus sound and the karaoke
accompaniment sound concurrently with each other. 7. A method according to
claim 6, wherein the step of pro- cessing the vocal signal imparts a
relatively strong effect to the singing voice sound while the step of
processing the harmony signal imparts a relatively weak effect to the
harmony chorus sound. 8. A method according to claim 6, wherein the steps
of pro- cessing the vocal signal and the harmony signal impart an    18
effect selected from a group consisting of an echo, a re- verberation and a
frequency response at different degrees between the singing voice sound and
the harmony chorus sound. 



9. A method according to claim 6, further comprising the step of processing
the music signal separately from the vo- cal signal and the harmony signal
to impart a further effect to the karaoke accompaniment sound independently
from the singing voice sound and the harmony chorus sound. 10. A method
according to claim 6, wherein the step of gen- erating a harmony signal
shifts a pitch of the vocal signal to modify the same into the harmony
signal.    


