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[57] ABSTRACT

A multidisk CD storage, retrieval, and playback system and
process of operation is described. The system contains a
storage magazine containing a multiplicity of disks, typi-
cally 75 or more, and interfaces with a standard CD record
and playback transport. The system further contains an
elevator system which traverses the magazine, allowing the
insertion or removal of a CD in the magazine, or, alterna-
tively the elevator allows the insertion or removal of the CD
into the CD record and playback transport. The system
interfaces with a personal computer, which supplies the
command and control signals which synchronize the opera-
tion of the system.

11 Claims, 11 Drawing Sheets
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MULTIDISK CD-STORAGE, RETRIEVAL,
AND PLAYBACK SYSTEM INCLUDING AN
ELEVATOR SYSTEM HAVING A GRIPPER

AND FRONT AND REAR PUSHERS

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
DESCRIPTION RELATIVE TO THE PRIOR ART

The present invention relates to a mechanism for the
automatic storage and retrieval of a multiplicity of compact
disks (CD’s) into a multi-disk storage unit. This invention
further relates to the loading of CD’s into a compact disk
player, and the retrieval of CD’s from said compact disk
player.

The compact disc has become popular in recent years as
a means for the storage and playback of music, as well as for
the storage and playback of digital data for use by computer
systems, especially personal computers (PC’s).

As a music medium the compact disc offers unparalleled
fidelity of reproduction, with accompanying resistance to
degradation which, in earlier types of recording media, were
caused by wear during playback, scratching of the medium,
and the like. Furthermore the CD provides more playback
time in a smaller configuration than did earlier vinyl disks
and magnetic tapes.

The CD is also a widely-used medium for storage of
digital data for PC’s, since it provides significantly more
storage capacity than other off-line storage media, such as
floppy disks. As a comparison, the current digital CD stores
in the order of 650 megabytes, whereas the standard four and
one-half-inch floppy disk has a capacity of about 1.44
megabytes.

Data CD’s also are used in multi-media applications; that
is, both graphics, sound, and digital data are stored on the
same CD. PC’s equipped with sound cards are capable of
playing back such multi-media disks, as well as CD’s
containing only sound recordings.

As the CD has become universally acceptable, it has
become desirable to provide devices which can store and
retrieve CD’s from a magazine of CD’s. Automatic storage
and retrieval is desirable for several reasons: first, it mini-
mizes the handling of the CD. CD’s remain susceptible to
scratching and dirt, albeit to a lesser extent than other
recording media. Secondly, automatic storage and retrieval
does away with the problem of manually filing the CD’s and
then attempting to locate the CD required. Thirdly, the
automatic system can, if properly designed, minimize the
amount of space required to store the CD’s. And finally, the
use of multi-CD data sets can be easily accommodated.

Storage and retrieval systems for recording disks are well
known, especially the “juke-box” type used for vinyl disks
for the playback of music recordings. Typical of these
systems is the invention of Hagen, U.S. Pat. No. 3,131,936.

In recent years a number of multi-disk playback systems
have become commercially available, especially music CD
playback systems. These are of several types. First are the
multi-magazine CD players, in which the user manually
loads a magazine with CD’s and then inserts the magazine
into a transport designed to receive the magazine and select
a disk therefrom. U.S. Pat. No. 5,034,935, Ishibashi et al.,
describes such a system, as does U.S. Pat. No. 5,099,466,
Kimura et al, as well as U.S. Pat. No. 4,701,900, Hasegawa
et al.

Another common type has a fixed magazine which is
loaded by the user. Typical of this second type are U.S. Pat.
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Nos. 4,695,990, Kawakami, 4,949,328, Kase et al., and
4,614,474, Sudo. This inventions of the second type are
generally suited mainly to music CD’s and are self-
contained, intended to be interconnected to a hi-fi music
system or automobile music system.

The current invention provides a unique approach to a
multi-CD system. First of all, this invention provides a
compact system which allows for the storage of 75 or more
CD’s within a minimum space configuration, a number far
in excess of the capabilities of most of the aforementioned
systems. Secondly, this invention does not contain its own
CD record/playback system, but can be used in conjunction
with almost any standard, single-disk CD-ROM unit, and it
is not confined to playback systems alone, but may be used
to provide a multi-disk recording/playback system as well.
Thirdly, the current invention is intended primarily for use
in conjunction with a personal computer, especially a net-
worked PC, so that software provided as part of this inven-
tion and resident on the PC is an integral part of the control
system of the invention. The software provides a compre-
hensive system for the organization of the CD’s within the
system, allowing for automatic selection of storage
locations, automatic generation and management of direc-
tories of the stored CD’s, and for automatic retrieval of CD’s
from the system using these directories.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
inexpensive system for storing a multiplicity of CD’s in a
compact magazine whereby a selected CD may be trans-
ported to a Media drive for recording and/or playback.

It is a further object of the present invention to provide
said system in conjunction with a software system which
organizes the CD’s within the system by title. More
specifically, it is an object of the invention to achieve a
system by which the user may:

introduce a CD into the system through a single Entrance

Port;

input identifying title information of the CD;

automatically store the CD in an available location within

the magazine under computer control;

automatically retrieve the CD from its storage location

and record and/or playback the CD; and

remove the CD from the system though the single

Entrance Port.

According to one aspect of the invention, a drive system
for inputting, storing, retrieving, and playing a multiplicity
of compact disks, used in conjunction with a Media drive
and with a stored-program computer is disclosed. The sys-
tem comprises a magazine containing a multiplicity of slots,
each of which is capable of storing a CD, an elevator system
in proximity to the magazine which can be controllably
translated to access each slot of the magazine, a gripper
affixed to the elevator system which can controllably grip or
release a CD, means for introducing the CD into the gripper,
a pilot latch affixed to the gripper which can controllably
lock the CD in place within the gripper or release the CD,
a front pusher affixed to the elevator system which can
controllably push the CD from the gripper into a slot in the
magazine, a rear pusher affixed to the elevator system which
can controllably push the CD from a slot in the magazine
into the gripper, a computer program which controls the
operations and the sequence of operations of the elements of
the drive system, and an electronic subsystem located in
proximity to the drive system which converts the signals
from the computer into signals to control the elements of the
drive system.
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According to another aspect of the invention the computer
program identifies the CD’s with unique identification title
information and retains a map correlating each CD with a
corresponding slot in which the CD is stored. The user is
provided with means by which he may control the insertion
or removal of a CD in a specified slot by means of said title
information.

According to yet another aspect of the invention, the
computer program comprises a number of steps, in order,
which comprise requesting a command by the program,
inputting an IMPORT command by the user, selecting the
next available storage slot by the program by means of
searching the location map, requesting the user for a title for
the CD by the program, inputting a title by the user, checking
by the computer that the latching mechanism is in the
unlatch position, driving the elevator mechanism to the top
of its travel until the front gripper mechanism reaches its
LOAD position adjacent to the input port, inserting the CD
into the Entrance Port by the user, drawing the CD into the
Entrance Port by the friction rollers until it reaches the “IN”
position, pushing the CD into the gripper which then sup-
ports the CD by its edges, closing the pilot latch into its latch
position, holding the CD firmly in place thereby, descending
the elevator mechanism until the gripper aligns with the
selected storage slot in the magazine, releasing the pilot
latch, and pushing the CD into the magazine by means of the
front pusher arm.

According to still another aspect of the invention, the
computer program comprises another sequence of similar
steps in which a CD may be located directly into the Media
drive in a fashion similar to loading the CD into a storage
slot.

According to another aspect of the invention, the com-
puter program comprises a third sequence of similar steps in
which a CD may be removed from a storage slot, physically
expelled from the system, and expunged from the system
program.

According to a final aspect of the invention, the computer
program comprises a fourth sequence of similar steps in
which a CD may be removed directly from the Media drive,
physically expelled from the system, and expunged from the
system program.

BRIEF DESCRIPTION OF THE DRAWINGS

These, and further features of the invention, may be better
understood with reference to the accompanying specifica-
tion and drawings depicting the preferred embodiment, in
which:

FIG. 1 depicts the transport in cut-away view as viewed
from the left side.

FIG. 24 depicts the storage rack as viewed from the front.

FIG. 2b depicts the storage rack as viewed from the top,
with a CD partially inserted.

FIG. 3 depicts the transport in cut-away view as viewed
from the right side.

FIG. 4 depicts the electrical interconnections between the
elevator stepper motor, the shaft encoder, and the drive
electronics.

FIG. 5 depicts the transport in cut-away view as viewed
from the top.

FIG. 6 depicts the gripper mechanism as viewed from the
front.

FIG. 7 depicts the front pusher assembly as viewed from
the left side.

FIG. 8 depicts the rear pusher assembly as viewed from
the right side.
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FIG. 9A depicts the front pusher mechanism at one
extreme of its travel.

FIG. 9B depicts the rear pusher mechanism at one
extreme of its travel.

FIG. 10 depicts the electrical connections between the
Personal Computer and the interface card located within the
cabinet of the multidisk CD storage, retrieval, and playback
system.

FIG. 11 depicts the flow chart of the operations involved
in the IMPORT of a CD into the system.

FIG. 12 depicts the flow chart of the operations involved
in the IMPORT DIRECT of a CD into the system.

FIG. 13 depicts the flow chart of the operations involved
in the EXPORT of a CD from the system.

FIG. 14 depicts the flow chart of the operations involved
in the EXPORT DIRECT of a CD from the system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the preferred embodiment the apparatus is built into a
cabinet which comprises walls of sheet metal or plastic
supported by an internal chassis. The cabinet and chassis
structure are not part of the invention, and so will not be
described in any detail.

The invention is shown from the left side of the cabinet in
FIG. 1. In FIG. 1, the front 1 of the apparatus is to the right
of the figure, and the back of the apparatus to the left-hand
side.

As shown in FIG. 1, the invention comprises a magazine
in the form of a storage rack 2, a tower-like structure in
which the CD’s are stacked when not in use, and which
occupies the central portion of the apparatus. The storage
rack extends from the top of the Media drive, 10 nearly to
the top of the cabinet. The Media drive may be any of a
number of commercially available devices that record and/or
playback CD’s. FIG. 3 shows the storage rack from the
opposite side of the cabinet. Although the views of FIGS. 1
and 3 show only a few CD’s 4 inserted into the storage rack
for the sake of clarity of the drawing, in practice the rack
may be full of CD’s from top to bottom.

As seen in FIG. 2A, The storage rack comprises two
identical sides 7 whose dimensions are 9.375 inches by
0.375 inches thick by 4.75 inches wide. Each side contains
regular grooves 6 with an approximate depth of ¥is inches
and a width of Y6 inches to accommodate the thickness of
the standard CD. The distance between grooves is approxi-
mately equal to the groove width. In the preferred embodi-
ment the storage rack contains 75 grooves, sufficient for 75
CD’s. Based on a groove width of Vis inches, the storage
rack of the preferred embodiment is 9.5 inches in height. An
inserted CD 8 of standard size (4.750 inches in diameter)
will be completely supported by the grooves when fully
inserted into the storage rack, as shown in FIG. 2B, as
viewed from the top of the storage rack. Each set of two
grooves into which a CD may be inserted is called a slot.

Referring again to FIG. 1, the CD’s are inserted into the
port 3 from the front of the apparatus. The storage rack sits
atop the Media drive 10, oriented so that the Media drive
tray, 12 is not obstructed by the storage rack. Insertion of the
CD’s into the system is facilitated by means of upper and
lower friction rollers 5, as shown in FIGS. 1, 3 and 5. These
friction rollers are located just to the rear of the CD port 3,
and rotate when a CD is sensed in the vicinity of the port and
when the front pusher mechanism is also in its load position
adjacent to the port, so that a CD partially inserted into the
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