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(57) ABSTRACT 

A method and apparatus for mixing audio signals. Each 
audio signal is digitized and then transformed into a pre 
de?ned visual image, Which is displayed in a three-dimen 
sional space. Audio effects added to the audio signals are 
transformed into prede?ned visual effects images, Which are 
also displayed in a three-dimensional space. Selected audio 
characteristics of the audio signal, such as frequency, ampli 
tude, time and spatial placement, are correlated to selected 
visual characteristics of the visual image, such as siZe, 
location, texture, density and color. Dynamic changes or 
adjustment to any one of these parameters, or parameters of 
the audio effect images, causes a corresponding change in 
the correlated parameter or audio effect. 
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METHOD AND APPARATUS FOR USING VISUAL 
IMAGES TO MIX SOUND 

[0001] This application is a continuation in part of Ser. No. 
08/423,685, ?led on Apr. 18, 1995, Which in turn Was a 
continuation in part of Ser. No. 08/118,405, ?led on Sep. 7, 
1993, noW abandoned, Which in turn Was a continuation in 
part of Ser. No. 07/874,599, ?led on Apr. 27, 1992, noW 
abandoned. 

BACKGROUND 

[0002] The present invention relates generally to the art of 
mixing audio source signals to create a ?nal sound product, 
and more speci?cally, to a method and apparatus for utiliZ 
ing visual images of sounds to control and mix the source 
signals, including any sound effects added thereto, to 
achieve a desired sound product. 

[0003] The art of mixing audio source signals is Well 
knoWn and generally referred to as recording engineering. In 
the recording engineering process, a plurality of source 
audio signals are input to a multi-channel mixing board (one 
source signal per channel). The source signals may be 
analog or digital in nature, such as microphone signals 
capturing a live performance, or a prerecorded media such 
as a magnetic tape deck, or a MIDI device (musical instru 
ment digital interface) such as a synthesiZer or drum 
machine. The mixing board permits individual control of 
gain, effects, pan, and equalization for each channel such 
that the recording engineer can modify individual channels 
to achieve the desired total sound effect. For example, it is 
possible for an individual person to record the performance 
of a song by recording the playing of different instruments 
at different times on different channels, then mixing the 
channels together to produce a stereophonic master record 
ing representative of a group performance of the song. As 
should be obvious, the sound quality, including volume 
output, timbral quality, etc. of each channel can vary greatly. 
Thus, the purpose of the mix is to combine the different 
instruments, as recorded on different channels, to achieve a 
total sound effect as determined by the recording engineer. 

[0004] The recording industry has evolved into the digital 
World Wherein mixing boards and recorders manipulate and 
store sound digitally. A typical automated mixing board 
creates digital information that indicates mixing board set 
tings for each channel. Thus, these mixer board settings can 
be stored digitally for later use to automatically set the mixer 
board. With the advent of MIDI control, cheaper computer 
controlled mixing boards have begun to appear. Such sys 
tems often include softWare Which shoWs a picture of a 
mixing board on the computer screen, and the recording 
engineer often uses a mouse to manipulate the images of 
conventional mixing board controls on the screen. The 
computer then tells the mixer to make the corresponding 
changes in the actual mixing board. 

[0005] There are also digital multitrack recorders that 
record digital signals on tape or hard disk. Such systems are 
also controlled by using a mouse to manipulate simulated 
recorder controls on a computer screen. 

[0006] A neW generation of controllers are being devel 
oped to replace the mouse for interacting With computers. 
For example, With a data glove or a virtual reality system one 
can enter the computer screen environment and make 
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changes With their hands. Further, visual displays are 
becoming increasingly sophisticated such that one gets the 
illusion of three-dimensional images on the display. In 
certain devices, the visual illusion is so good that it could be 
confused With reality. 

[0007] Computer processors have just recently achieved 
suf?cient processing speeds to enable a large number of 
audio signals from a multitrack tape player to be converted 
into visual information in real time. For example, the Video 
Phone by Sony includes a Digital Signal Processor (DSP) 
chip that makes the translation from audio to video fast 
enough for real time display on a computer monitor. 

[0008] The concept of using visual images to represent 
music is not neW. Walt Disney Studios might have been the 
?rst to do so With its innovative motion picture “Fantasia.” 
LikeWise, Music Television (MTV) has ushered in an era of 
music videos that often include abstract visual imaging 
Which is synchroniZed With the music. HoWever, no one has 
yet come up With a system for representing the intuitive 
spatial characteristics of all types of sound With visuals and 
using those spatial characteristics as a control device for the 
mix. The multi-level complexities of sound recording are 
such that very little has even been Written about hoW We 
visualiZe sound betWeen a pair of speakers. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a method and appa 
ratus for mixing audio signals having a plurality of audio 
characteristics associated thereWith. According to the inven 
tion, a system for mixing a plurality of audio signals 
includes an audio mixer having a plurality of channels each 
of Which for receiving one of a plurality of audio signals, and 
for varying audio characteristics of the received audio 
signal, and for outputing the varied audio signal. An effects 
processing unit associated With each of the channels adds 
audio effects to the audio signals. A microcomputer system 
includes a signal processing unit for transforming each audio 
signal into an audio signal visual image for display on a 
video display monitor. Each of the audio signal visual 
images has visual characteristics that correspond to the 
audio characteristics of the corresponding audio signal. The 
signal processing unit also generates audio effect images for 
display on the video display monitor. The audio effect 
images have visual characteristics that correspond to audio 
effects added to the audio signals by the effects processing 
unit. A user control alloWs a user to adjust the displayed 
audio effect images. The effects processing unit changes 
audio effects added to the audio signals in response to 
corresponding user adjustments to the displayed audio effect 
images. 

[0010] In another aspect of the present invention, a system 
for mixing a plurality of audio signals includes an audio 
mixer having a plurality of channels each of Which for 
receiving one of a plurality of audio signals, and for varying 
audio characteristics of the received audio signal, and for 
outputing the varied audio signal. A plurality of speakers 
broadcast the audio signals outputed by the audio mixer. A 
microcomputer system includes a signal processing unit for 
transforming each audio signal into an audio signal visual 
image for display on a video display monitor. Each of the 
audio signal visual images has visual characteristics that 
correspond to the audio characteristics of the corresponding 
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audio signal. The audio signal visual images are displayed 
on the video display monitor Within a three dimensional 
room background image that contains a plurality of speaker 
images, Which represent the plurality of speakers broadcast 
ing the audio signals from the audio mixer. The spatial 
locations of the audio signal visual images relative to the 
plurality of speaker images correspond to perceived spatial 
characteristics of the audio signals broadcasted from the 
plurality of speakers. 

[0011] In yet another aspect of the present invention, a 
system for miXing a plurality of audio signals includes an 
audio miXer having a plurality of channels each of Which for 
receiving one of a plurality of audio signals, and for varying 
audio characteristics of the received audio signal, and for 
outputing the varied audio signal. A microcomputer system 
includes a signal processing unit for transforming each audio 
signal into an audio signal visual image for display on a 
video display monitor. Each of the audio signal visual 
images has visual characteristics that correspond to the 
audio characteristics of the corresponding audio signal. The 
signal processing unit also performs frequency analysis on 
each of the audio signals to detect even and odd harmonic 
components thereof. The signal processing unit places a ?rst 
type of teXturing image on the corresponding audio signal 
visual images for detected even harmonic components, and 
a second type of teXturing image on corresponding audio 
signal visual images for detected odd harmonic components. 

[0012] In yet still another aspect of the present invention, 
a system for miXing a plurality of audio signals includes an 
audio miXer having a plurality of channels each of Which for 
receiving one of a plurality of audio signals, and for varying 
audio characteristics of the received audio signal, and for 
outputing the varied audio signal. A microcomputer system 
includes a signal processing unit for transforming a selected 
audio signal into an audio signal visual image for display on 
a video display monitor. The audio signal visual image is 
segmented into portions that correspond to preselected fre 
quency ranges. The frequency components of the selected 
audio signal are dynamically correlated With, and visually 
displayed With dynamic visual characteristics in, corre 
sponding segmented portions of the audio signal visual 
image. 

[0013] In one last aspect of the present invention, an 
article of manufacture is used With a computer system, an 
audio miXer having a plurality of channels each of Which for 
receiving one of a plurality of audio signals and for varying 
audio characteristics of the received audio signal and for 
outputing the varied audio signal, an effects processing unit 
associated With each of the channels for adding audio effects 
to the audio signals, and a plurality of speakers that broad 
cast the audio signals outputed by the audio miXer. The 
article of manufacture includes a computer usable medium 
having computer readable program code means embodied 
therein for creating visual images of audio signals and audio 
effects. The computer readable program code means in the 
article of manufacture includes a computer readable pro 
gram code means for causing the computer to transform 
each audio signal into an audio signal visual image and to 
display the audio signal visual images on a video display 
monitor. Each of the audio signal visual images has visual 
characteristics that correspond to the audio characteristics of 
the corresponding audio signal. The computer readable 
program code means in the article of manufacture further 
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includes a computer readable program code means for 
causing the computer to generate audio effect images and to 
display the audio effect images on the video display monitor. 
The audio effect images have visual characteristics that 
correspond to audio effects added to the audio signals by an 
effects processing unit. 

[0014] A better understanding of the features and advan 
tages of the present invention Will be obtained by reference 
to the folloWing detailed description of the invention and the 
accompanying draWing is Which set forth an illustrative 
embodiment in Which the principles of the invention are 
utiliZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The ?le of this patent contains at least one draWing 
executed in color. Copies of this patent With color draW 
ing(s) Will be provided by the Patent and Trademark Office 
upon request and payment of the necessary fee. 

[0016] FIG. 1 is a block diagram of a conventional audio 
miXing system. 

[0017] FIG. 2 is a block diagram of an audio miXing 
system constructed in accordance With the present invention. 

[0018] FIG. 3 is a flow chart illustrating the basic program 
implemented in the audio miXing system of FIG. 2. 

[0019] FIGS. 4 and 5 are vieWs of the miX WindoW, FIG. 
6 is a detailed vieW of the miX WindoW in the preferred 
embodiment including audio effects. 

[0020] FIGS. 7a through 7d are vieWs of miX WindoWs 
illustrating the placement of spheres Within the WindoW to 
obtain different miX variations. 

[0021] FIGS. 8a through 8c are vieWs of miX WindoWs 
illustrating the placement of spheres Within the WindoW to 
obtain different miX variations. 

[0022] FIG. 9 illustrates a “fattened” sphere. 

[0023] FIGS. 10a-10j are vieWs of effects WindoWs illus 
trating different reverb effects images. 

[0024] FIGS. 11a and 11b illustrate compression/limiter 
gate and a noise gate, respectively. 

[0025] FIGS. 11c and 11d illustrate short and long delays, 
respectively. 
[0026] FIG. 12 illustrates a harmoniZer effect. 

[0027] FIG. 13 illustrates an aural eXciter effect. 

[0028] FIG. 14 illustrates a phase shifter ?anger or chorus 
effect. 

[0029] FIGS. 15a-15b illustrate EQ WindoWs. 

[0030] FIGS. 16a-16d illustrate odd and even harmonic 
effects. 

[0031] FIG. 17 is a block diagram of an alternative 
embodiment of an audio miXing system constructed in 
accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The present invention provides a system for miXing 
audio signals Whereby the audio signals are transformed into 
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visual images and the visual images are displayed as part of 
a three-dimensional volume of space on a video display 
monitor. The characteristics of the visual images, such as 
shape, siZe, spatial location, color, density and texture are 
correlated to selected audio characteristics, namely fre 
quency, amplitude and time, such that manipulation of a 
visual characteristic causes a correlated response in the 
audio characteristic and manipulation of an audio charac 
teristic causes a correlated response in the visual character 
istic. Such a system is particularly Well suited to shoWing 
and adjusting the masking of sounds in a mix. 

[0033] Referring noW to FIG. 1, a block diagram of a 
conventional audio mixing system is illustrated. The heart of 
the system is a mixing console 10 having a plurality of 
channels 12a through 1211, each having an input 9, an output 
11, and user controls 14a through 1411. The user controls 14 
alloW individual control of various signal characteristics for 
a channel, such as gain, effects, pan and equalization. The 
mixing console 10 may be any existing analog, digital or 
MIDI mixing console. For example, preferred analog mixing 
consoles are made by Harrison and Euphonics, preferred 
digital consoles are made by Solid State Logic and Neve, 
and preferred MIDI mixing consoles include Mackie, Tas 
cam, Yamaha’s 02R, and Yamaha’s Pro Mix 1 mixer. 

[0034] Sound signals may be provided to the mixing 
console 10 by various analog or digital audio sources (not 
shoWn), such as microphones, electric instruments, MIDI 
instruments, or other audio equipment, such as a multitrack 
tape deck, and each sound signal is therefore connected to a 
single channel 12. Preferred MIDI sequencers include Per 
former V 6 made by Mark of the Unicorn. Vision made by 
Opcode Systems, and Logic Audio made by Emagic. Pre 
ferred analog multitrack tape decks include those made by 
Studer A80. A827. Ampex M1100/1200. MCI JH24. Otari, 
or Sony. Preferred digital multitrack tape decks include 
those made by Sony, Mitsubishi, Alesis’ ADAT and Tas 
cam’s DA88. Preferred digital to hard disk multitrack decks 
include Dyaxis by Studer, Pro-Tools by Digidesign, and 
Sonic Solutions. 

[0035] Signals from the mixing console 10 may also be 
sent to an effects and processing unit 15 using the 
send control and the returned signal is received into another 
channel of the console. Preferred effects and processing 
units include the Alesis “Quadraverb”, Yamaha’s 
“SPX901I”, Lexicon’s 480L, 224, LXP1, LXPS, and 
LXP15. 

[0036] The output signals 11 from the mixing console 10 
are available from each channel 12. The ?nal mix Will 
generally comprise a tWo channel stereophonic mix Which 
can be recorded on storage media, such as multitrack tape 
deck 22, or driven through ampli?er 18 and reproduced on 
speakers 20. 

[0037] Referring noW to FIG. 2, and in accordance With 
the present invention, a microcomputer system 50 is added 
to the mixing system. The microcomputer system 50 
includes a central processing unit (CPU) 52, a digital signal 
processing unit (DSP) 54, and an analog-to-digital converter 
(A/D) 56. 

[0038] Sound signals are intercepted at the inputs 9 to the 
mixing console 10, then digitiZed, if necessary, by A/D unit 
56. A/D unit 56 may be any conventional analog-to-digital 
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converter, such as that made by DigiDesigns for its Pro Tools 
mixer, or by Sonic Solutions for its mixer. The output of the 
A/D unit 56 is then fed to the DSP unit 54. 

[0039] The DSP unit 54 transforms each digitiZed sound 
signal into a visual image, Which is then processed by CPU 
52 and displayed on video display monitor 58. The displayed 
visual images may be adjusted by the user via user control 
60. 

[0040] The preferred DSP unit 54 is the DSP 3210 chip 
made by AT&T. The preferred CPU 52 is an Apple PoWer 
Macintosh having at least 16 Mb of memory and running the 
Apple Operating System 8.0. A standard automation or 
MIDI interface 55 is used to adapt the ports of the micro 
computer system 50 to send and receive mix information 
from the mixing console 10. Opcode Music System by 
Opcode Systems, Inc., is preferably used to provide custom 
patching options by menu. 

[0041] The CPU 52 and DSP unit 54 must be provided 
With suitable softWare programming to realiZe the present 
invention. The details of such programming Will be straight 
forWard to one With ordinary skill in such matters given the 
parameters as set forth beloW, and an extensive discussion of 
the programming is therefore not necessary to explain the 
invention. 

[0042] Referring noW to FIG. 3, the user is provided With 
a choice of three “Windows” or visual scenes in Which visual 
mixing activities may take place. The ?rst WindoW Will be 
called the “mix WindoW” and may be chosen in step 100. 
The second WindoW Will be called the “effects WindoW” and 
may be chosen in step 120. The third WindoW Will be called 
the “EQ WindoW” and may be chosen in step 140. The 
choices may be presented via a pull-doWn menu When 
programmed on an Apple system, as described herein, 
although many other variations are of course possible. 

[0043] In the mix WindoW, a background scene is dis 
played on the video display monitor 58 in step 102. Each 
channel 12 is then assigned a prede?ned visual image, such 
as a sphere, in step 104. Each visual image has a number of 
visual characteristics associated With it, such as siZe, loca 
tion, texture, density and color, and these characteristics are 
correlated to audio signal characteristics of channel 12 in 
step 106. Each channel Which is either active or selected by 
the user is then displayed on the video display monitor 58 by 
shoWing the visual image corresponding to the channel in 
step 108. The visual images may then be manipulated and/or 
modi?ed by the user in step 110, ie the visual character 
istics of the visual images are altered, thereby causing 
corresponding changes to the audio signal in accord With the 
correlation scheme in step 106. Finally, the mix may be 
played back or recorded on media for later play back or 
further mixing. 

[0044] The preferred background scene for the mix Win 
doW is illustrated in FIG. 4 and shoWs a perspective vieW of 
a three dimensional room 200 having a ?oor 202, a ceiling 
204, a left Wall 206, a right Wall 208, and a back Wall 210. 
The front is left open visually but nevertheless presents a 
boundary, as Will be discussed shortly. Left speaker 212 and 
right speaker 214 are located near the top and front of the left 
and right Walls, respectively, much like a conventional 
mixing studio. This vieW closely simulates the aural envi 
ronment of the recording engineer in Which sounds are 














