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(57) ABSTRACT 

Multiple intelligent pickers for an automated data storage 
library, the library having a library controller Which identi 
?es the start and end locations of the received move jobs, 
and places the move jobs in a job queue. The picker 
processor receives information over a communication link 

from other pickers describing movement information for the 
current move job of each of the other pickers. Upon comple 
tion of a move job, the picker communicates With the library 
controller, selecting a move job Which avoids interference 
With the movement of the other pickers. The movement for 
the selected move job is determined so as to avoid interfer 

ence With the stored movement pro?les of the other pickers. 
A movement pro?le may be communicated to the other 
pickers over the communication link, and the move job is 
conducted according to the movement pro?le. Alternatively, 
movement information comprising the current location and 
vector are communicated. 
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MULTIPLE INDEPENDENT INTELLIGENT 
PICKERS WITH DYNAMIC ROUTING IN AN 
AUTOMATED DATA STORAGE LIBRARY 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] Copending and coassigned US. patent application 
Ser. No. (TU99031B) ?led on even date herewith relates to 
Wireless communication betWeen multiple intelligent pick 
ers and With a central job queue in an automated data storage 
library. 

FIELD OF THE INVENTION 

[0002] This invention relates to automated data storage 
libraries, and, more particularly, to libraries having a plu 
rality of pickers for accessing data storage media stored in 
the library, and for accessing and delivering the media 
betWeen media storage slots and read/Write stations. 

BACKGROUND OF THE INVENTION 

[0003] Automated data storage libraries are knoWn for 
providing cost effective access to large quantities of stored 
data. Generally, data storage libraries include a large number 
of media storage slots in Which are stored portable data 
storage media. The typical data storage media is a tape 
cartridge or an optical disk cartridge. A picker typically 
accesses the data storage media from the media storage slots 
and delivers the accessed media to a data storage drive at a 
read/Write station for reading and/or Writing data on the 
accessed media. The operation of the picker is under the 
control of a library controller Which is coupled by Wires to 
suitable electronics, such as an accessor or robot control, 
Which operates servo motors to move the picker. 

[0004] The need to store ever increasing numbers of 
volumes of data With the ability to access that data rapidly 
has led to the use of high capacity automated data storage 
libraries With multiple pickers. 

[0005] Conventional automated data storage libraries hav 
ing multiple pickers avoid collisions by assigning pickers to 
Zones Within the library. An eXample is US. Pat. No. 
5,513,156. These Zones are separated by a Zone boundary 
area Which prevent tWo pickers from interfering With each 
other. When a media is to be moved to an area outside of the 
normal Zone of a picker, either the media is exchanged from 
a ?rst picker to a second picker by delivering it to a storage 
slot accessible by both pickers, or the Zone boundary is 
moved, or the second picker is moved out of the Way or into 
a garage. 

[0006] Thus, the read/Write stations must be positioned at 
different locations in the library so that they can be sepa 
rately accessed by each of the pickers in its Zone. Further, if 
all of the data storage media requested by the host system is 
in one Zone of the library, all of the media must be accessed 
by a single one of the pickers, While the other picker is idle. 
Still further, if a read/Write station in one Zone is inoperative, 
the picker for that Zone has only reduced capability because 
it has no access to the other read/Write stations in the other 
Zone. As the result, the effectiveness of the library is 
reduced. 

[0007] Additionally, the conventional library controller 
directly controls the operation of the pickers, and is coupled 
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to the pickers by means of electrical Wiring to operate the 
robot servo processor in each picker. Thus, the library is 
subject to failure of the Wiring betWeen the controller and the 
multiple pickers, and the pickers must be operated so that the 
Wiring does not become tangled. A library having storage 
cells beloW a ?oor laying in a horiZontal plane With Wireless 
vehicles for accessing the storage cells is shoWn in coas 
signed US. Pat. No. 5,395,199, but employs a single central 
control processor to operate the vehicles and does not 
consider hoW to avoid possible interference betWeen the 
vehicles. 

[0008] Thus, the above libraries are vulnerable to the 
failure of the library controller or to the failure of one of the 
pickers, and the library effectiveness is reduced by the need 
to adjust the operation of the pickers because of the presence 
of the Zones, and further reduced by the need to sense the 
situations requiring adjustment of the Zones. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to increase the 
effectiveness of a library having multiple pickers. 

[0010] Disclosed are multiple intelligent pickers With 
dynamic routing for an automated data storage library. 
Media storage slots for storing data storage media and a 
plurality of read/Write stations are arranged so as to be 
accessible to the plurality of the pickers. Alibrary controller 
receives move commands from an attached host to move 

media amongst the media storage slots and the read/Write 
stations. The library controller identi?es the start and end 
locations of the received move job, and places the move job 
in a job queue. 

[0011] At a high level, a host Will provide an identi?er of 
the data that is to be moved, such as the volume serial 
number (VOLSER) of the data, and the controller or library 
manager determines from tables the data storage media 
containing the data and the storage slot holding that media. 
At a loW level, a host Will provide the identi?er of the 
storage slot holding media With the desired data. 

[0012] Each intelligent picker dynamically routes itself. 
Each picker comprises at least one gripper for accessing and 
delivering media at the media storage slots and the read/ 
Write stations, and a picker processor. 

[0013] The picker processor receives information over a 
communication link from other pickers describing a move 
ment of another picker for a current move job of the other 
picker. Upon completion of a move job, the picker selects a 
move job from the job queue. The move job is selected if it 
has both the start and the end locations accessible by the 
picker and Which avoid interference With the movement of 
the other picker. Upon selecting the move job, the picker 
processor determines a movement for the selected move job 
Which avoids interference With the movement of the other 
picker. 

[0014] In one embodiment, upon determining the move 
ment, the picker processor communicates information 
describing the determined movement to the other picker(s) 
over the communication link, and upon communicating the 
movement, operates the picker to conduct the move job 
according to the processor determined movement. In this 
embodiment, the movement information comprises a move 
ment pro?le having the start and end locations of the move, 
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any intermediate location at Which the picker Will change 
direction, and a clock time at Which the move job com 
mences. 

[0015] In an alternative embodiment, the movement infor 
mation comprises the present location and vector of the 
picker, and the end locations of the move. 

[0016] For the purpose of this invention, the communica 
tion betWeen the pickers and With the job queue may be 
hardWired or may be Wireless. 

[0017] For a fuller understanding of the present invention, 
reference should be made to the following detailed descrip 
tion taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a diagrammatic representation of an 
automated data storage library in accordance With the 
present invention, employing dual pickers, and coupled to a 
host system; 

[0019] FIGS. 2A and 2B are illustrations of sequences of 
picker positions of the pickers of the library of FIG. 1; 

[0020] FIG. 3 is an illustration of the interference areas of 
the pickers of the library of FIG. 1; 

[0021] FIG. 4 is an illustration of a job queue in the library 
controller of the library of FIG. 1; 

[0022] FIG. 5 is an illustration of a table of movement 
pro?les for current jobs of pickers of the library of FIG. 1; 

[0023] FIGS. 6A and 6B are graphs of, respectively, 
starting and stopping movements of a picker of the library of 
FIG. 1 in the X direction; 

[0024] FIGS. 7A and 7B are graphs of, respectively, 
starting and stopping movements of a picker gripper of the 
library of FIG. 1 in the Y direction; 

[0025] FIGS. 8A and 8B are illustrations of tables of, 
respectively, X vs. T and Y vs. T movement pro?les of the 
pickers of the library of FIG. 1; 

[0026] FIG. 9 is a How chart depicting the method for 
receiving jobs to move cartridges in the library of FIG. 1; 

[0027] FIG. 10 is a How chart of the library controller of 
the library of FIG. 1 receiving a job request from a picker 
in accordance With the method of the present invention; 

[0028] FIG. 11 is a How chart of the library controller of 
the library of FIG. 1 receiving an indication that a job has 
been completed in accordance With the method of the 
present invention; 

[0029] FIGS. 12A and 12B are a How chart of an embodi 
ment of the present invention employed in the library of 
FIG. 1; 

[0030] FIG. 13 is a How chart of alternative embodiments 
of the determination of a movement pro?le for a picker in 
accordance With the method of FIGS. 12A and 12B; 

[0031] FIG. 14 is a How chart of a periodic check of the 
operational status of the pickers; 

[0032] FIG. 15 is an illustration of a table of present 
movement information of pickers of the library of FIG. 1; 
and 

May 23, 2002 

[0033] FIG. 16 is a How chart of an alternative embodi 
ment of the present invention employed in the library of 
FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] This invention is described in preferred embodi 
ments in the folloWing description With reference to the 
Figures, in Which like numbers represent the same or similar 
elements. While this invention is described in terms of the 
best mode for achieving this invention’s objectives, it Will be 
appreciated by those skilled in the art that variations may be 
accomplished in vieW of these teachings Without deviating 
from the spirit or scope of the invention. 

[0035] As discussed above, conventional automated data 
storage libraries With dual pickers avoid collisions by 
assigning each picker to a Zone Within the library. These 
Zones are separated by a Zone boundary area, Which prevents 
the pickers from interfering With each other. When a picker 
requires access to an area outside of its Zone, the Zone 
boundary is either moved or the second picker is moved into 
an out of the Way position. 

[0036] FIG. 1 illustrates an embodiment of an automated 
data storage library 10 in accordance With the present 
invention. The present invention is equally applicable to 
automated data storage libraries Which store any type of 
portable data storage media. An eXample of an automated 
data storage library in Which the present invention may be 
implemented is the IBM 3494 Tape Library Dataserver With 
dual pickers. The data storage media may encompass a 
variety of media, such as magnetic tape cartridges (in the 
IBM 3494 Tape Library Dataserver), magnetic tape cas 
settes, optical tape cartridges, or optical disk cartridges of 
various types. The data storage media are stored in storage 
slots 12, and may comprise storage for either homogenous 
or miXed a, media. In a typical data storage library, the 
storage slots 12 are arranged in a planar con?guration, either 
?at or cylindrical. The typical data storage media stores a 
large amount of data, and the media is termed a volume or 
a physical volume, 

[0037] The data storage library includes a plurality of 
read/Write stations 14 having data storage drives Which load 
the media into the drive, bring the media up to speed by 
driving tape betWeen reels or rotating an optical disk, and 
read data from or Write data to the media. 

[0038] A plurality of pickers, or robot accessors, 15 and 
16, are provided, Which access portable data storage media 
from the media storage slots 12 and deliver the accessed 
media to a data storage drive at a read/Write station 14 for 
reading and/or Writing data on the accessed media. The 
pickers may move on a single rail 17, or on multiple parallel 
rails. Multiple rails change the interference patterns signi? 
cantly as is understood by those of skill in the art. The media 
are returned to the same or different data storage slots 12, 
and are moved amongst the data storage slots and input/ 
output slots 18 at Which the media may be removed from or 
added to the library. 

[0039] Typically, the commands to move the data storage 
media originate With a requesting host system 20 Which 
sends the commands to the library controller 22 at a library 
interface 23. The library controller 22 comprises at least one 
programmable computer processor, such as an IBM 
RS/6000. 
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[0040] At a high level, the host system typically requests 
retrieval of a particular volume, e.g., by its VOLSER, and 
loading of that volume into a selected data storage drive. The 
library controller comprises a conventional library manager 
Which has tables relating the volumes to the storage slots 12. 
Thus, the library controller determines the storage slot 
having the requested volume. Upon completion of the activ 
ity regarding the volume, the volume is typically returned to 
the storage slots 12, but not necessarily at the same location 
from Which it Was retrieved. Additionally, the data storage 
media may be moved from a read/Write station or from a 
storage slot to an input/output slot. 

[0041] At a loW level, the host system tracks the data 
volumes stored in the library, and therefore requests retrieval 
of a particular volume, giving the eXact storage slot and 
identifying the selected data storage drive. 

[0042] In a conventional data storage library, each picker 
includes a gripper 25, a robot servo processor, and a plurality 
of servo motors operated by the servo processor to move the 
picker in the X direction, to move the gripper in the Y 
direction, and to operate the gripper to access and to release 
cartridges. In an optical library, the gripper may also rotate 
the optical disk to present the opposite side of the disk to the 
read/Write station, as Well as other functions. 

[0043] In accordance With the present invention, the pick 
ers are each additionally provided With a processor 30, such 
as a microcontroller on a chip With storage, e.g., an Intel 

microcontroller, and the processor is coupled to a Wireless 
picker to picker communication link 32. The Wireless com 
munication link 32 is preferably an infrared transceiver, for 
eXample, such as employed in the automated data storage 
library of coassigned US. Pat. No. 5,303,214 to communi 
cate betWeen a bar code reader and library controller, but 
may alternatively comprise the Wireless communication link 
of coassigned U.S. Pat. No. 5,395,199 to communicate 
betWeen a library controller and Wireless vehicles. 

[0044] The library controller 22 may be located in the 
frame of the library and provided With a Wireless central 
communication link 33. Thus, the pickers 15 and 16 com 
municate With each other employing the Wireless commu 
nication link 32, and each communicates With the central 
library controller using the communication link 32 and the 
central library controller communication link 33. A central 
job queue 50 is provided by the library controller 22, for 
eXample, in memory or in a database of the controller. 

[0045] Alternatively, the central job queue may be 
mounted in or provided as part of one of the pickers 15 or 
16, shoWn as 50‘ at picker 15. The central job queue may 
then employ the picker communication link 32 and Wireless 
communication link 33 to communicate With the library 
controller 22. Thus, communication link 32 is also the 
Wireless central communication link. 

[0046] The library controller and each picker processor is 
provided With an operating system and application programs 
for operating in accordance With the present invention. The 
application programs may comprise a computer program 
product, comprising computer readable program code. The 
computer program product may be supplied electronically, 
as from a netWork or the host system 20 at the communi 
cations interface 23 and supplied to the picker processors 
over communication link 33 and 32. Alternatively, the 
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computer program product may be supplied at an I/ O station 
of the respective processor or at a data storage library data 
read/Write station 14 from storage media Which stores 
executable computer instructions, and comprises an article 
of manufacture. Another eXample of a storage media Which 
is an article of manufacture is a magnetic diskette. Other 
suitable storage media are optical disk cartridges, magnetic 
tape cartridges, removable hard disk cartridges, read only 
memories (ROM) or programmable read only memories 
(PROM). The requirement for the storage media or memo 
ries is that they store digital representations of computer 
executable instructions. 

[0047] The processor 30 of each of the pickers 15 and 16 
is additionally coupled to the robot servo processor of the 
respective picker, and operates the robot servo processor. 
Thus, the picker processor 30 operates the servo processor 
to move the picker in the X direction along rail or rails 17, 
to move the picker gripper 25 in the Y direction, and to 
operate the gripper. 

[0048] Additionally, each picker is provided With a poWer 
distribution system and poWer pickup, such as shoe or slider 
35 Which receives poWer from a rail 36. Alternatively, the 
poWer system may receive poWer by means of microWave 
transmission. 

[0049] Referring additionally to FIGS. 2A, 2B and 3, the 
library controller 22 receives input commands for jobs to 
move media amongst the media storage slots and the read/ 
Write stations. As discussed above, the host may supply the 
start and end locations of the move, or the library controller 
identi?es the start and end locations of the received move 
jobs, and the controller places the move jobs in the central 
job queue 50. In the eXample of FIG. 2A, the library may 
identify a move job for moving a data storage media from a 
read/Write station 14 at location “C” to a storage slot 12 at 
location “F”. 

[0050] In accordance With the present invention, the cen 
tral job queue 50 or 50‘ is accessible to all of the intelligent 
pickers for dynamic routing of the pickers by the pickers. 
The picker processor 30 for each picker stores information 
received from the other pickers over the picker to picker 
communication link 32, the received information describing 
a movement for the current move job of each of the other 
pickers. The movement information is stored in a data base 
37, Which may comprise a non-volatile memory or a micro 
drive. In the eXample of FIG. 2A, the current move job for 
picker 15 may comprise moving a data storage media from 
a read/Write station 14 at location “A” to a storage slot 12 at 
location “B”. Upon completion of a previous move job (not 
shoWn), the picker processor 30 of picker 16 communicates 
With the library controller 22 With the Wireless communi 
cation link 32 and 33, selecting a neW move job from the job 
queue 50. 

[0051] In accordance With the present invention, the 
picker processor for picker 16 Will select the neXt move job 
in a priority sequence having both the start location “C” and 
the end location “F” accessible by the picker and Which 
avoids interference With the stored movement of the other 
picker 15. 

[0052] The area of occupancy and potential interference, 
in the eXample of FIG. 3, is the area occupied by or behind 
the other picker, and is illustrated by the shaded area 40 for 
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picker 15 and shaded area 41 for picker 16. The areas of 
occupancy and potential interference move in the X direc 
tion as the respective pickers are moved in the X direction. 
The protrusions 42 and 43 for the respective areas of 
potential interference represent the respective grippers 25, 
and move in the Y direction as the respective grippers are 
moved in the Y direction. In FIG. 3, picker 15 is shoWn in 
position “A” of FIG. 2A, and picker 16 is shoWn in position 
“P” of FIG. 2A. 

[0053] In accordance With one embodiment of the present 
invention, the movement information comprises a move 
ment pro?le. The movement pro?le includes the start and 
end locations of the job, and includes any intermediate 
location at Which the picker Will change direction. The 
movement pro?le also includes the clock time at Which the 
move job commences or commenced. 

[0054] In the eXample of FIG. 3, the pickers eXtend into 
the adjacent columns and occupy three storage cells in 
height. Other arrangements are understood by those of skill 
in the art. 

[0055] As illustrated With reference to the area of inter 
ference 40 for the picker 15 outlined in FIG. 3, and 
referencing FIG. 2A, the start location “C” and the end 
location “F” are outside the area of potential interference 
With the picker 15 as it moves its gripper from location “A” 
to location “B” along path 45, and the picker processor 30 
of picker 16 may initially select the move job. 

[0056] Upon selecting the move job, the picker processor 
30 determines the movement pro?le for the selected move 
job Which avoids interference With the stored movement 
pro?les of the other pickers. In the eXample of FIG. 2A, 
picker 16 is at a beginning position “P” different from the 
start location “C”, and the picker processor includes pre 
positioning the picker from the beginning position to the 
start location in the movement pro?le for the picker, Which 
can be done Without interference With picker 15. 

[0057] In order to avoid the area of interference in moving 
from location “C” to location “F”, picker 16 must not move 
directly betWeen the points. Instead, picker 16 must move 
outside the area of interference of the gripper (shoWn as 42 
in FIG. 3) of picker 15 as it moves from location “A” to 
location “B”. Therefore, the picker processor 30 of picker 16 
determines that a path having intermediate locations “D” 
and “E” Will avoid interference betWeen the pickers. Thus, 
the picker processor for picker 16 adds to the prepositioning 
move and any Wait time, e.g., for unloading data storage 
media from the data storage drive and loading it into the 
picker, at the drive 14 at location “C”, a ?rst move from 
location “C” to intermediate location “D”, a second move 
from location “D” to intermediate location “E”, and a third 
move from location “E” to end location “F”. Each of these 
moves represents a move pro?le determined by the picker 
processor, and the moves are accumulated and communi 
cated over Wireless link 32 to the picker processor 30 of 
picker 15. The total movement pro?le is then stored by 
processor 30 to be employed as the stored pro?le to select 
the neXt job by picker 15 upon completion of its move from 
location “A” to location “B”. 

[0058] FIG. 2B illustrates another combination of move 
operations. Picker 15 is conducting a move from drive 14 
location “J” to storage slot 12 location “K”. Subsequently, 
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picker 16 completes its previous move operation, and is at 
location “P”, and selects the neXt move job from the library 
controller queue. One of the move jobs in the received list 
is a move from location “L” to location “M”. When con 
sidering the entire movement pro?le of picker 15, picker 16 
Will interfere With the move pro?le in attempting to access 
location “L”. 

[0059] In accordance With one embodiment of the present 
invention, the pickers eXchange movement information 
Which comprises a movement pro?le detailing a picker’s 
current movements. A picker processor selects a move job 
based on avoiding interference With another picker for the 
remainder of its movement in accordance With the move 
ment pro?le. The movement of a picker can be veri?ed by 
regularly transmitted “heartbeat” location movement infor 
mation from the picker. The “heartbeat” information may be 
transmitted, for eXample, at half second intervals. 

[0060] In accordance With another embodiment of the 
present invention, the movement information comprises 
vector information transmitted from the other picker, pref 
erably at regular intervals, and comprising eXpanded “heart 
beat” information, over the picker to picker communication 
link 32. The present picker similarly provides vector “heart 
beat” movement information at regular intervals, e.g., every 
half second, to the other pickers over the picker to picker 
communication link 32 and to the controller over its com 
munication link 33. 

[0061] The movement information provided in the vector 
embodiment comprises at least the present location and 
vector, including the speed and direction, all of Which may 
be represented in terms of X and Y dimensions. The time of 
the movement information may also be provided. Addition 
ally, the end location of the job or move may be provided so 
as to provide a limit to any projection of a move. 

[0062] Thus, in either embodiment, and referring to FIG. 
2B, at the current clock time, picker 15 is at location “J”, a 
location alloWing picker 16 access to drive 14 location “L”, 
and the movement pro?le and the movement information 
indicate that the other picker 15 is moving toWard location 
“K”. Start location “L” and end location “M” are therefore 
both accessible by picker 16 Without interference, and the 
picker processor selects the move job. The selected move 
job alloWs direct movement betWeen the initial position “P” 
and the start location “L”, and direct movement betWeen the 
start location “L” and the end location “M”. Thus, the picker 
processor for picker 16 adds to the prepositioning move and 
any Wait time at the drive 14, for eXample, for loading the 
picker gripper, at location “L”, a direct move from start 
location “L” to end location “M”. 

[0063] In accordance With the movement pro?le embodi 
ment, the moves represent a movement pro?le determined 
by the picker processor, and the moves are accumulated to 
a movement pro?le and communicated over Wireless link 32 
to the picker processor 30 of picker 15. The total movement 
pro?le is then stored by processor 30 to be employed as the 
stored pro?le to select the neXt job by picker 15 upon 
completion of its move from location “J” to location “K”. 

[0064] In accordance With the vector movement informa 
tion embodiment, the moves are determined by the picker 
processor 30 of picker 16, but only the periodic “heartbeat” 
movement information is communicated over Wireless link 
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32 to the picker processor 30 of picker 16. The picker 
processor of picker 16 Will thus be aWare of each move or 
Wait time of picker 15 as it occurs, and selects a move job 
based on the projected movement of picker 15. 

[0065] The major difference betWeen the movement pro 
?le embodiment and the vector embodiment is, in the 
movement pro?le embodiment, that the pickers folloW a 
predetermined path, and, in the vector embodiment, each 
picker is at an X, Y location With a speed vector and the 
capability to change the path as needed. 

[0066] In the vector embodiment, it is necessary to avoid 
alloWing the pickers to get into a loop. Thus, one of the 
pickers has priority and the other picker must change its 
path. As one example, the picker that started its present 
move job ?rst has priority. As another example, a selected 
one of the pickers alWays has priority. 

[0067] The subsequently received “heartbeat” movement 
information is employed by the picker processor 30 to assess 
Whether the then present movement of the other picker has 
changed to the extent that it Will interfere With movement of 
the receiving picker in conducting its selected move job. 

[0068] In the movement pro?le embodiment, if a move 
ment pro?le has been received by a picker processor, the 
present location of the other picker is compared to the 
expected current location of the picker as determined from 
the pro?le. The present location may be requested from the 
other picker or derived from the “heartbeat” information 
received from the other picker, received over the picker to 
picker communication link. The information includes both 
the measured location of the picker and the clock time of the 
measurement. If the expected current determined location 
differs from the received present location, the other picker is 
not folloWing the pro?le. Hence, the receiving picker pro 
cessor compares the locations, determines the difference in 
location, and, upon that difference exceeding a predeter 
mined threshold, the receiving picker processor aborts the 
move job. This Will stop the picker so that there is less 
likelihood of interference With the other picker. An example 
of a predetermined threshold is a difference in the expected 
current and received present locations of half a storage slot 
height or Width. The picker that is not in the expected 
location may, for example, be running sloWer than expected 
due to unexpected friction. Upon abortion of the job, the 
receiving picker processor may send a message to the library 
controller 22 over the controller Wireless link 33 indicating 
the error. The controller may then command the other picker 
to move to a garage and/or initiate an error detection 

procedure. 

[0069] In the vector movement information embodiment, 
subsequently received “heartbeat” information from the 
other picker is employed by the receiving picker processor 
30, Which again determines the current and projected loca 
tions of the other picker. Then, the picker processor deter 
mines Whether the movement of the receiving picker poten 
tially interferes With the current and projected locations of 
the other picker. If potential interference exists, the receiving 
picker processor 30 discontinues the selected move job of 
the receiving picker. Since the receiving picker has no 
pro?le to compare With the location or movement of the 
other picker, there is no error. For example, a picker Will 
change speed during acceleration or deceleration, and may 
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change direction at an intermediate point. Thus, once the 
other picker has moved out of the Way, the receiving picker 
may resume the move job. 

[0070] A picker processor 30 may determine the X and Y 
velocities of the picker gripper 25 by reading the servo 
tachometers of the picker servo motors. The present location 
may be determined by measuring the velocity and time 
moved from a previous location. The locations may be 
veri?ed and measured by reading identi?ers, such as bar 
coded tags, at various locations in the library, etc., as are 
knoWn in the art. 

[0071] The library controller 30 may monitor the “heart 
beat” information from each of the pickers over the Wireless 
link 33. If no “heartbeat” information is received from one 
of the pickers, the library controller Will begin an error 
procedure Which may comprise commands to stop the 
pickers or to stop the supply of poWer to the pickers to insure 
that no interference occurs. 

[0072] FIG. 4 illustrates an exemplary central job queue 
50 in the library controller 22 of FIG. 1. As discussed above, 
the central job queue alternatively may be located at one of 
the pickers 15 or 16. The library controller receives input 
commands for jobs to move media amongst the media 
storage slots, input/output slots 18, and the read/Write sta 
tions. The library controller 22 identi?es the start and end 
locations of the received move jobs, and places the move 
jobs in the job queue 50. The exemplary job queue com 
prises a listing of the move jobs to be conducted, and 
includes the job identi?cation 51, the priority of the job 52, 
the job type 53, Which includes, for example, Whether the 
job is a move job to move a data storage media betWeen 
storage slots, a move job to move a data storage media from 
a storage slot to a data storage drive, or a move job to move 
a data storage media from a data storage drive to a storage 
slot 12 or an input/output slot 18. Typically, the job queue is 
organiZed by priority, With the highest priority jobs at the top 
of the queue. The queue also includes a identi?cation 54 of 
the requesting host, the identi?cation (VOLSER) 55 of the 
data storage media, and the identi?cation of the starting 
location 56 and ending location 57. Preferably, the starting 
and ending locations are each identi?ed by means of the X 
and Y coordinates Within the library 10. 

[0073] FIG. 5 is an illustration of an embodiment of a 
table 60 of movement pro?les of a picker processor 30 of 
one of the pickers 15 or 16 for current move jobs of the other 
picker in the library. Table 60 is only employed in the 
movement pro?le embodiment. The movement pro?le table 
60 comprises the picker identi?cation 61, Which may be 
omitted in the instant example Where only one other picker 
is in the library. The job identi?er 62 and job type 63, as 
discussed above, are included. The initial position 64 of the 
other picker is stored, together With the locations of the 
move by the other picker, speci?cally, the start location and 
time 65, any intermediate locations 66 and 67, and the end 
location 68. Lastly, the other picker provides its total move 
ment pro?le, or sequence of pro?les 69, Which are stored in 
the table. 

[0074] FIGS. 6A and 6B are graphs of, respectively, 
starting and stopping movements of a picker 15 or 16 in the 
X direction, and FIGS. 7A and 7B are graphs of, respec 
tively, starting and stopping movements a picker gripper 25 
of the picker 15 or 16 in the Y direction. The graphs illustrate 
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the information used to establish the movement pro?les of 
table 60 in FIG. 5. The graph 70 of FIG. 6A illustrates the 
acceleration of the picker from a stop and then ?ve different 
constant speeds. Thus, the picker processor may select a less 
than maximum speed to drive the picker in the X direction 
if needed to avoid interference With the other picker. Also, 
the acceleration portion of the curve may be different if the 
picker is unloaded or loaded, and may be different if loaded 
With a magnetic tape cartridge or loaded With an optical disk 
cartridge. The graph 71 of FIG. 6B illustrates the decelera 
tion of the picker in the X direction as it is stopped. The 
deceleration is illustrated as beginning at each of the ?ve 
maximum speeds depicted in graph 70FIG. 6A. Again, the 
deceleration may differ betWeen instances When the picker is 
unloaded, or loaded With a magnetic tape cartridge, or 
loaded With an optical disk cartridge. 

[0075] The graph 72 of FIG. 7A illustrates the accelera 
tion of the picker gripper 25 of the pickers from a stop in the 
Y direction and then ?ve different top speeds as above. Since 
the picker gripper is only a part of the picker mechanism, the 
acceleration differs substantially betWeen the unloaded con 
dition and loaded condition, and may differ betWeen loaded 
With a magnetic tape cartridge as compared to loaded With 
an optical disk cartridge. The deceleration of the picker 
gripper 25 is illustrated by graph 73 in FIG. 7B. Again, the 
deceleration is from each of the ?ve maximum speeds 
shoWn in graph 72 of FIG. 7A. 

[0076] Each of the graphs of FIGS. 6A, 6B, 7A and 7B 
may be represented as move pro?les as a series of X or Y 
distance versus time (T) points, as represented by the pro?le 
tables 76 and 77 of FIGS. 8A and BB. Alternatively, the 
graphs of FIGS. 6A, 6B, 7A and 7B may be represented as 
move pro?les as acceleration, deceleration, and velocity 
equations. In accordance With the present invention, the 
various pro?les of the graphs are stored by each picker 
processor, and are accessible by a pro?le identi?cation 78 
and 79. In the embodiment of FIGS. 8A and 8B, the pro?les 
comprise tables of X direction locations, Y direction loca 
tions, and timing of the locations. As depicted, the tables are 
organiZed into loaded and unloaded pro?les (having differ 
ent accelerations/decelerations) and by the selected maxi 
mum speed. The loaded pro?les indicate the acceleration or 
deceleration of the picker When loaded With a cartridge, and 
the unloaded pro?les are When the picker is empty. Addi 
tionally, the pro?les may be organiZed by the length of 
distance traveled. Alternatively, the picker processor may 
only utiliZe the portion of the pro?le for the appropriate 
length. For example, in a short move, the maximum speed 
may not be reached. 

[0077] The tables 76 and 77 of FIGS. 8A and 8B may be 
draWn to represent the separate graphs of FIGS. 6A, 6B, 7A 
and 7B, and the pro?le for a given move assembled by 
combining the portion of the move from each of the separate 
X acceleration and X deceleration, and Y acceleration and Y 
deceleration pro?les. Alternatively, the tables 76 and 77 of 
FIGS. 8A and 8B may be much more extensive and include 
a pro?le for each maximum speed and each possible total 
length of move, including both acceleration and decelera 
tion, and a single X pro?le and single Y pro?le is identi?ed 
for each move. 

[0078] The pro?les of the various moves are then 
assembled together and the identi?cations of the moves are 
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transmitted by the picker processor that Will make the move. 
The receiving picker processor Will store the identi?cations 
in column 69 of the table 60 and Will use the identi?cations 
78 and 79 to look up the pro?les in its tables 76 and 77. 

[0079] Thus, the picker processor has an accurate repre 
sentation of the current move of the other picker. 

[0080] Table 80 of FIG. 15 represents the received vector 
movement information of one picker processor 30 that has 
been received from one or more other pickers over the picker 
to picker Wireless communication link 32. Table 80 is only 
employed in the vector embodiment. As one example, the 
movement information is the present movement information 
or “heartbeat” information, Which may include the picker 
identi?cation 81 that may be omitted if only one other picker 
is in the library, but that is important to the library controller 
22 in determining Whether the “heartbeat” information is 
being received from each of the pickers. The present move 
ment information preferably also includes the present loca 
tion of the picker, such as in the X dimension 82 and Y 
dimension 83. Additionally, the present vector of the picker 
is provided, such as by means of the velocities in X and Y 
directions. This provides both the direction and speed of the 
picker. As discussed above, the transmitting picker processor 
reads the velocities and derives the locations from the picker 
servo motor tachometers. So that the receiving picker may 
limit the projected locations of the other picker, it is also 
preferable that the other picker provide the end location of 
its present move job 86. Not necessary, but a further error 
check may comprise that the clock time 87 of the present 
location 82, 83 and vector 84, 85. Thus, if the transmission 
and/or receipt of the movement information is delayed, the 
receiving picker processor can adjust the received informa 
tion to compensate. 

[0081] The “heartbeat” information for the movement 
information embodiment requires the current location of the 
picker so that the receiving picker is able to compare the 
current location of the transmitting picker to the location 
expected from the movement pro?le. If the current location 
differs from the expected location, there is an error. To insure 
that the “heartbeat” is actually the current information, a 
clock time may also be transmitted. 

[0082] FIG. 9 illustrates the process of the library con 
troller 22 of FIG. 1 for receiving an input command to 
conduct a move job from the host, beginning at step 90. The 
host command may be a request to access a data storage 
volume from a storage slot 12 and mount it on a data storage 
drive 14 or export the data storage volume at an I/O port 18, 
or to import a data storage volume from an I/O port 18 or 
return a data storage volume located in a data storage drive 
14 to a storage slot 12. The library controller determines the 
move job that is required. In step 91, the library controller 
22 detects or determines the priority of the received job. If 
the job is a move job for moving media amongst the media 
storage slots and the read/Write stations, the library control 
ler 22, in step 92, identi?es the type of job, the identi?er of 
the media to be moved, and the start and end locations of the 
received move job. In step 93, the library controller loads a 
listing of the received job in the central job queue 50 of FIG. 
4 at the end of the jobs having equal or higher priority. In this 
manner, the highest priority jobs are at the top of the queue. 

[0083] FIG. 10 illustrates an embodiment of the present 
invention of the central job queue 50, e.g., in the library 
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controller 22, of FIG. 1 for providing requested jobs to a 
requesting picker processor 30 over Wireless communication 
link 33 and 32. The picker processor, upon completion of a 
job, in step 95, requests a neW job. In accordance With the 
present invention, the picker processor 30 for each picker 
stores movement information either describing a movement 
pro?le of table 60 of FIG. 5 and the start time for the current 
move job of each of the other pickers, or describing the 
present movement of each of the other pickers, and Will 
select the neXt move job having both the start location and 
the end location accessible by the picker and Which avoids 
interference With the stored movement pro?le or present 
movement of the other picker. 

[0084] Thus, the library controller may either supply a 
group of highest priority jobs at one time for the picker 
processor to select from, or supply the highest priority job 
for revieW by the picker processor, and, if that job is 
rejected, supply the neXt highest priority job, etc. Step 96 
comprises selecting the highest priority jobs in sequence, 
selecting a group of highest priority jobs, or selecting jobs 
of the same priority in an order Which maXimiZes perfor 
mance. In step 97, the library controller supplies the 
accessed “N” number of jobs over the Wireless communi 
cation link 33, either sequentially or at one time. The library 
controller then, in step 98, sets a ?ag to mark the job or jobs 
as “taken” so that the move job(s) Will not be transmitted to 
another picker. As an option, if a picker cannot perform a 
“taken” move job Within a predetermined time or number of 
jobs, it may be returned to the queue. 

[0085] In step 100 of FIG. 11, a picker processor 30 of 
FIG. 1 sends a job complete signal to the library controller 
22 over communication link 32 and 33. The library control 
ler receives the signal, Which includes an identi?cation of 
the job, and, in step 101, the library controller deletes the job 
from the queue, and informs the host system that its com 
manded job has been completed. As an optional step the 
library controller then con?rms the deletion to all of the 
picker processors by transmitting a con?rmation in step 102. 
If the job is aborted or not completed, the job may be 
returned to the queue in step 103 of FIG. 9. 

[0086] A key element in the present invention is that the 
library controller 22 no longer is in control of the operation 
of both of the pickers, and the pickers are no longer limited 
to speci?c Zones of operation. Rather, the pickers are largely 
independent and make the selection of move jobs from a 
central job queue, and those jobs may overlap into areas that 
Would formerly be restricted. 

[0087] FIGS. 12A and 12B illustrate an eXample of the 
movement pro?le embodiment of the present invention for 
one picker processor to conduct the selection of jobs 
employing movement pro?les received from another picker. 

[0088] Step 110 represents the step discussed above 
Wherein each picker processor 30 of FIG. 1 stores informa 
tion describing a movement pro?le for the current move job 
of each of the other pickers in table 60 of FIG. 5. In the 
instant eXample of FIG. 1, picker processor 30 of picker 15 
stores the current job movement pro?le for picker 16, and 
the picker processor 30 of picker 16 stores the current job 
movement pro?le for picker 15. Step 111 represents the 
completion of the immediately preceding job by the picker. 

[0089] The picker processor 30, in step 112, transmits 
completion of the job to the central job queue 50, e.g., of the 
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library controller 22 over the Wireless communication link 
32 and 33, and, as described With respect to FIG. 11, the 
library controller deletes the job from the queue, and trans 
mits a con?rmation over the communication link, the picker 
processor receiving the con?rmation in step 115. 

[0090] Move jobs are then requested for revieW by the 
picker. In step 117, the picker processor 30 transmits a job 
request to the central job queue 50 over Wireless commu 
nication link 32 and 33. As described With respect to FIG. 
10, the library controller accesses and transmits “N” jobs 
from the queue to the picker processor over communication 
link 33 and 32, the picker processor receiving the “N” jobs 
in step 118. If any of the previously received “N” jobs have 
not been completed, step 117 may instead select one of the 
remaining “N” jobs. 

[0091] NeXt, the actual location(s) of the other picker(s) is 
(are) veri?ed. In step 120, the picker processor senses the 
current clock time, and, in step 121, determines, from the job 
pro?le stored in table 60 of FIG. 5, the projected current 
location of the other picker. This is accomplished by utiliZ 
ing the start time of the movement pro?le, and employing 
the current time to determine Where along the pro?le the 
other picker is currently located. This may be accomplished 
through calculation or by lookup in the tables 76 and 77 of 
FIGS. 8A and 8B, employing the pro?le identi?ers 78 and 
79 and the time from the start time (To). For veri?cation, the 
picker processor 30, in step 122, queries the present location, 
comprising the location and clock time of the location 
measurement, of the other picker over communication link 
32, or, in step 123, the other picker transmits its “heartbeat” 
information over communication link 32, also comprising 
the location and clock time of the location measurement, the 
receiving picker receiving the present location and clock in 
step 124. In step 125, the picker processor determines 
Whether the present movement information has been 
received from all of the other pickers, in the eXample of 
FIG. 1, the only other picker. If the present location is not 
received from the other picker, the actual location is there 
fore unknoWn, and the selecting picker processor cannot risk 
selecting a neW move job Without risking actual interference 
With the other picker. Hence, the situation is an error and 
step 126 stops and aborts the job selection. 

[0092] If, hoWever, the present location has been received 
from the other picker processor, “YES” in step 125, the 
picker processor, in step 130, compares the projected current 
location of the other picker from the determined step 121 
and the received present location from step 124. Step 132 
detects Whether the determined and received locations are 
the same, or nearly the same and Within a predetermined 
threshold distance. If not, “NO”, the locations are different 
and this is again an error situation, leading to step 126 Which 
aborts the jobs. If they are the same, “YES”, the other picker 
is knoWn to be in the correct location as de?ned in its 
movement pro?le. 

[0093] Thus, the picker processor may begin the process 
of selecting, in accordance With the present invention, the 
neXt one of the move jobs from the job queue having both 
the start and the end locations accessible by the picker and 
Which avoids interference With the stored movement pro?les 
of the other pickers. Step 133 determines Whether the picker 
is selecting a neW job, as Will be discussed. In step 134, the 
picker processor 30 reads the stored movement pro?les of 
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the current job of each of the other pickers from its move 
ment pro?le table 60 of FIG. 5. In step 135, the processor 
employs the read pro?le to determine the area of projected 
occupancy and of possible interference of the other picker. 
This is accomplished by applying the movement pro?les to 
the tables of FIGS. 8A and 8B and, adjusting the pro?les for 
the current time, beginning at the current determined loca 
tion of the other picker, and ignoring the past portions of the 
stored movement pro?le of the other picker. The process 
then continues With connector 136 to step 138. 

[0094] In the instance Where a plurality of jobs have been 
supplied, step 138 revieWs or preliminarily examines the 
neXt one of the jobs for possible interference or selection, for 
eXample, the job having the highest priority. Alternatively, 
the highest priority job is predetermined by and received 
from the central job queue, or the job selection is based on 
performance. In step 140, the processor determines the start 
and end locations of the job being revieWed, for eXample, by 
their X and Y coordinates, and, in step 141, compares the 
present position of the picker, the start location, and the end 
location of the job With the area of projected occupancy and 
possible interference of the other picker, from step 135. In 
step 142, the processor determines from the comparison of 
step 141 Whether there is any interference betWeen the job 
being conducted by the other picker and the job being 
revieWed. If interference is not avoided, “NO”, the job Will 
not be selected and the neXt highest priority job Will be 
revieWed. Hence, step 150 determines Whether the last 
revieWed job Was the last job in the group of “N” jobs 
received in step 118. If this is the last job, or, if only one job 
is received in step 118 at a time, “YES”, connector 151 
cycles back to step 117 to again transmit a job request to the 
library controller. If “NO”, the last job has not been 
revieWed, the process, in step 152, determines the neXt 
highest priority job for revieW and cycles back to step 140. 

[0095] If the revieWed job appears to avoid interference 
With the other picker, that job is preliminary selected, and 
step 155 comprises the process for determining the move 
ment pro?le directly betWeen the present position, the start 
location, and the end location Without any intermediate 
locations. This is conducted by use of the tables of FIGS. 8A 
and 8B, or by calculation, as discussed above. Then, in step 
160, the picker processor determines the present area of 
occupancy and potential interference for the movement 
pro?le determined in step 155. This is conducted by apply 
ing the area of the picker as illustrated in FIG. 3 to the 
movement pro?le. In step 162, the present area of occupancy 
and potential interference from step 160 is compared to the 
area of projected picker occupancy and interference of the 
other picker determined in step 135. Step 163 determines 
Whether any interference eXists betWeen the movement 
pro?les. If there is interference, “YES”, the movement 
pro?le is then altered in step 166, either by adding an 
intermediate location Which avoids the other picker such as 
illustrated in the eXample of FIG. 2A, or by altering the 
speed of one of the moves to less than the highest maXimum 
speed to alloW the other picker to move out of the Way, such 
as illustrated in the eXample of FIG. 2B. Step 167 deter 
mines Whether the proposed alteration eXceeds a predeter 
mined threshold of alterations, so that the move cannot be 
continually altered Without being able to conduct the move. 
If the threshold has been met, “YES”, the job Will not be 
selected and connector 168 cycles back to step 150 to revieW 
another job. If the threshold has not been met, connector 169 
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cycles back to step 160 to determine the area of interference 
of the altered movement pro?le. 

[0096] If step 163 determines that there is no overlap 
betWeen the area of interference of the selected job and the 
current job of the other picker, the move job is formally 
selected in step 180 and the picker processor 30 transmits the 
movement pro?le over communication link 32 to the other 
picker in step 181. The picker processor of the other picker 
stores the movement pro?le in its movement pro?le table 60 
of FIG. 5, overWriting the previous movement pro?le. 

[0097] In step 182, the picker conducts the selected move 
job in accordance With the determined move pro?le, and step 
183 indicates a Wait state While the move job is conducted, 
cycling back to step 182 until the job is complete. Upon 
completion of the job, connector 185 indicates that the 
process cycles back to step 111 When the job is complete. 

[0098] As discussed above, the “heartbeat” movement 
information of each picker may be monitored by the other 
pickers. Thus, connector 187 indicates that a picker proces 
sor 30, While conducting the selected move job, again, in 
steps 122, 123 and 124 of FIG. 12A, queries or receives the 
“heartbeat” movement information from the other pickers. 
Upon assurance in step 125 that all of the other pickers have 
provided the “heartbeat” information, the picker processor 
30 updates the current locations of the other picker or 
pickers in step 121, and, in step 130, compares the deter 
mined and received locations. If step 132 indicates a mis 
match, or if step 125 indicates that information Was not 
received, step 126 indicates an error and the current move 
job is stopped and may be aborted. If step 132 indicates a 
match such that the other picker is folloWing the pro?le, step 
133 and connector 188 return to the current job 182. 

[0099] FIG. 13 comprises an embodiment of steps 155 or 
166 in FIG. 12B in determining a movement pro?le, begin 
ning at step 190. Step 191 comprises determining the X 
distance and the Y distance from the previous position (1st 
point) to the neXt position (2nd point), and the maXimum 
desired speed, together With the time of the beginning of the 
move (To), Which may be the end time of the previous move. 
Step 192 determines Whether the picker is to be loaded or 
empty during the move. Then, step 195 selects the appro 
priate X pro?le from table 76 of FIG. 8A and the appropriate 
Ypro?le from table 77 of FIG. 8B. Alternatively, the pro?le 
may be calculated in step 196 employing predetermined X 
and Y acceleration constants. In step 197, the selected or 
calculated pro?le is added to the 1st point and to To. In step 
198, any stop time at the 1st point is added to TO. Then, in 
step 200, the total move pro?le is eXtended from the prior 
parts of the move. Step 202 determines Whether the end 
location has been reached as the result of step 200. If the 
complete move has not been assembled, “NO”, the process 
cycles back to step 191 for the neXt leg of the move. If step 
202 indicates that the complete move has been assembled, 
the process is completed in step 204. 

[0100] Thus, the picker processor has selected the neXt 
one of the move jobs from the central job queue having both 
the start and the end locations accessible by the picker and 
Which avoids interference With the stored movement pro?les 
of the other pickers. Then, upon selecting the move job, the 
picker processor determined the movement pro?le for the 
selected move job Which avoids interference With the stored 
movement pro?les of the other pickers. Upon determining 
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the movement pro?le, the picker processor communicated 
the determined movement pro?le to the other pickers over 
the communication link, and conducted the move job 
according to the processor determined movement pro?le. 

[0101] FIG. 16 illustrates an eXample of the vector 
embodiment of the present invention for one picker proces 
sor to conduct the selection of move jobs, and for conducting 
move jobs employing movement information received from 
another picker, the movement information including the 
location and vector of the other picker. 

[0102] Many of the steps are the same as discussed With 
respect to FIGS. 12A and 12B, and, if so, use the same 
reference numbers and are not discussed in detail. 

[0103] Upon completion of the immediately preceding job 
at step 111, the picker processor 30, in step 112, transmits 
completion of the job to the library controller 22 over the 
Wireless communication link 32 and 33, and in step 115, the 
picker processor receives con?rmation of deletion of the 
completed job. The picker processor 30, in step 117, trans 
mits a job request to the central job queue 50, eg in the 
library controller 22, receiving “N” jobs in step 118. The 
current clock time is sensed in step 120 so as to update 
received vector information received from other pickers, as 
Will be eXplained. The neXt job is preliminarily determined 
in step 138, and, in step 140, the receiving picker processor 
30 determines the start and end locations of that job. 

[0104] Step 205 relates to the vector embodiment and the 
picker processor 30 determines the projection of movement 
of the picker from its present position to the start location of 
the job and the movement to the end location of the job. 
Then, in the step 123, the other picker(s) transmits its most 
recent vector movement information, Which may comprise 
the “heartbeat” information, over the picker to picker Wire 
less communication link 32. Alternatively, the picker pro 
cessor 30 may query the present location and vector of the 
other picker(s) in step 122. The information is received in 
step 124 and the picker processor stores the information in 
table 80 of FIG. 15. As discussed above, step 125 deter 
mines Whether the present information has been received 
from each of the other pickers and, if not, stops and aborts 
the job selection in step 126. 

[0105] If the present movement information has been 
received from the other picker(s), step 206 updates the 
information to the clock time sensed in step 120, and 
determines the projected area of occupancy of the picker. 
Speci?cally, the received movement information may be as 
described With respect to table 80 of FIG. 15 and comprise 
the location of the other picker at the provided clock time 87, 
together With a vector indicating the speed and direction of 
movement of the picker gripper at the provided clock time. 
If the provided clock time is earlier than the current clock 
time, the receiving picker processor 30 updates the location 
of the other picker along the vector to the current clock time 
sensed in step 120. Then, the picker processor projects the 
path of the other picker based on the updated location and 
the vector, limited by the ending location 86. Next, the 
picker processor determines the area of occupancy and 
potential interference for the other picker along the projected 
path. In step 207, the picker processor 30 compares the 
picker direct movement projection of step 205 to the other 
picker area of occupancy or potential interference of step 
206. 
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[0106] If the comparison indicates that interference is 
avoided, “YES” in step 142, the preliminarily revieWed job 
of step 138 can be selected. First, step 133 determines that 
a job is not currently being conducted, as Will be explained, 
and the processor selects the job in step 180 and conducts the 
job in step 182. 

[0107] It is important to continuously monitor the other 
picker since only the last vector of the picker is knoWn. The 
other picker may accelerate, decelerate, start, stop or change 
direction. Hence, connector 187 leads to either step 122 to 
query the other picker, or step 123 Where the other picker 
sends “heartbeat” information Which indicates the present 
location and vector of the other picker. Steps 124, 125 and 
206 are again conducted to determine the updated area of 
projected occupancy or potential interference, employing 
the present location and vector of the other picker(s), and 
step 142 determines Whether interference is still avoided. If 
so, step 133 indicates that the job is being conducted so that 
connector 188 returns to step 182 to continue conducting the 
job. 

[0108] In either an original determination of interference, 
or While conducting a job, should step 142 indicate inter 
ference, it is important to insure that the pickers do not get 
into a loop Where both pickers continue to alter movement 
inde?nitely. As discussed above, one approach is to give one 
picker priority over the other(s), so that the priority picker 
continues its movement and the other picker(s) alter move 
ment. Hence, the picker processor 30, in step 209, deter 
mines Whether the picker has priority. If the picker does not 
have priority, step 166 alters the movement, either by adding 
an intermediate location Which avoids the other picker, or by 
altering the speed of a move to less than the highest 
maXimum speed to alloW the other picker to move out of the 
Way. As discussed above, the movement projection for the 
altered movement is determined in step 208. Then, connec 
tor 169 leads to step 207 for a comparison of the altered 
movement projection to the area of projected occupancy of 
the other picker, and interference is again tested in step 142. 

[0109] If the picker has priority, any job can be continued. 
Thus, step 171 determines Whether a job is being conducted. 
If so, step 210 comprises a safety factor, determining 
Whether interference is imminent. If so, the picker is stopped 
in step 211 so as to temporarily discontinue the move job, 
and connector 187 cycles back to receive the vector move 
ment information of the other picker(s) in step 122 or step 
123, and in step 124. If interference is not imminent, “NO” 
in step 210, connector 188 alloWs the movement of the 
picker to continue While conducting the job in step 182. If 
step 171 indicates that no job is being conducted and a job 
Was being revieWed, connector 168 leads back to step 150 to 
determine the neXt job to be revieWed. 

[0110] Upon conducting a job, step 183 determines 
Whether the job has been completed and, if not, “NO” the 
process cycles back to step 182. If the job Was completed, 
connector 185 leads to steps 111-115 to delete the job from 
the job queue. As discussed above, step 117 either selects a 
remaining one of the previously received “N” jobs, or 
transmits a job request to the central job queue 50, e.g., in 
the library controller 22. 

[0111] Thus, the pickers receive move jobs from the 
central job queue over a Wireless communication link, and 
communicate With each other over the picker to picker 












