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MEDIUM TRANSPORTAPPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the conventional priority 
based on Japanese Application No. 2006-073959, filed on 
Mar. 17, 2006, the disclosures of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention generally relates to a library 
apparatus and so on which contains storage media Such as a 
magnetic tape library apparatus, and particularly relates to a 
medium transport apparatus which detects a deflection 
amount when a deflection arises in a mechanism transport 
ing a cartridge to a rack (cell) of a cartridge-type storage 
medium (hereinafter referred to as a cartridge), and enables 
accurate cartridge insertion and withdrawal to and from the 
cell by correcting its error. 
0004 2. Description of the Related Art 
0005 FIGS. 11A to 11C illustrate conventional tech 
niques. In FIG. 11A, reference numeral 2 denotes a media 
storage cell which contains a number of media 3 Such as 
cartridges which are to be transported. A mechanism which 
takes the medium 3 in and out of the media storage cell 2, 
and transports the medium 3 includes a hold unit 16 equiva 
lent to a robot hand for holding the medium 3, an arm unit 
15 which moves the hold unit 16 horizontally, a supportunit 
18 which supports the arm unit 15, and an LM rail 19 for 
guiding the Support unit 18 and moving the Support unit 18 
vertically. Additionally, although not shown, each servomo 
tor is incorporated in the hold unit 16, support unit 18 and 
SO. O. 

0006 For alignment of the hold unit 16 with the media 
storage cell 2, a conventional magnetic tape library appara 
tus with a transport mechanism (transfer robot) as shown in 
FIG. 11A has, for example, as shown in FIG. 11B, reference 
flags F1 and F2 arranged in two places in cells in both the 
right and left ends of the media storage cell 2, reads these 
flag positions using a sensor mounted in the hold unit 16, 
detects horizontal and vertical errors from a nominal posi 
tion, and corrects linearly a relative phase error between 
each cell and the transfer robot using the error amount. 
0007 Additionally, as conventional techniques which 
determine or correct a position of a transfer robot, there are, 
for example, a position data correction method disclosed in 
Japanese Patent Laid-Open No. 5-342723, and an object 
position determination system disclosed in Japanese Patent 
Laid-Open No. 2000-314611. The technique disclosed in 
Japanese Patent Laid-Open No. 5-342723 is characterized in 
that, so as to make it possible to correct position data used 
for positioning control of a servo motor in high precision 
with a small error, data capturing for correcting position data 
is performed in a pitch from a reference target flag, which 
becomes a positioning target, to a next target flag which is 
adjacent to it. However, in Japanese Patent Laid-Open No. 
5-342723, it is not considered at all to measure a deflection 
amount of an arm of the transfer robot in advance, and to 
perform correction based on the deflection amount. 
0008. Additionally, the technique of Japanese Patent 
Laid-Open No. 2000-314611 images a guide target having a 
shape of a right angled triangle, calculates a distance from 
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a vertex angle by calculating a position of a point at which 
a scanning line intersects a base of the right angled triangle, 
and guides a medium handler based on the distance, for 
proper alignment between the medium handler and a maga 
Zine slot. This does not also take account of measuring a 
deflection amount of an arm in advance and performing 
correction based on the deflection amount. 

0009. As shown in FIG. 11A, when a transfer robot is 
cantilevered, a deflection may arise in the arm unit 15 owing 
to weight of the hold unit 16 and so on, and its deflection 
amount may become remarkable as a tip approaches. In this 
case, as shown in FIG. 11C, an error arises in a relative 
position error itself between a cell and the transfer robot 
which is detected by a conventional method, and conse 
quently, it becomes impossible to achieve accurate insertion 
and withdrawal of the medium 3 to and from the cell which 
is to be a target. Additionally, in FIG. 11C, P11, P12, and P13 
show errors of center positions of respective cells which are 
detected by the conventional method, and P1, P2, and P3 
show actual position errors due to the deflection of the arm 
unit 15. 

SUMMARY OF THE INVENTION 

0010. It is an object of the present invention to provide a 
medium transport apparatus to achieve accurate insertion 
and withdrawal of a medium to and from a cell by detecting 
a deflection amountarising in an arm unit, and correcting its 
eO. 

0011. In the present invention, a monochrome belt-like 
track pattern on a media storage cell in which a medium for 
transportation is contained is arranged. The medium trans 
port apparatus of the present invention detects a track of a 
monochrome borderline by Scanning the track pattern by a 
sensor, and detects a deflection amount of a transfer robot 
using the track. Furthermore, the medium transport appara 
tus corrects a vertical error from a nominal position using the 
deflection amount to achieve accurate insertion and with 
drawal of media, Such as a cartridge, to and from each media 
storage cell. 
0012 Specifically, the medium transport apparatus of the 
present invention is the medium transport apparatus which 
moves a hold unit for a transported medium along an arm 
unit one side of which is supported, holds the transported 
medium contained in a media storage cell by the hold unit, 
and performs insertion and withdrawal, and transportation of 
the transported medium. The apparatus comprises a pattern 
reading unit reading a pattern given to the media storage cell 
and in which a line is drawn horizontally using a sensor 
provided in the hold unit, a deflection amount calculating 
unit measuring a deviation of the horizontal line in the 
pattern from a reference position corresponding to a position 
of the hold unit on the arm unit based on the pattern read by 
the pattern reading unit, and calculating a deflection amount 
of the arm unit based on the deviation of the horizontal line, 
a correction value storing unit storing a correction value for 
correcting a reference position of the media storage cell in 
which each transported medium is contained or corrected 
position information obtained by correcting the reference 
position based on the calculated deflection amount, and a 
servo control unit controlling movement of the hold unit 
using the correction value or the corrected position infor 
mation stored in the correction value storing unit. 
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0013 For example, the medium transport apparatus can 
be used as an apparatus for transporting a cartridge in a 
magnetic tape library apparatus. 
0014 Preferably, the pattern given to the media storage 
cell and in which a line is drawn horizontally includes a first 
region (for example, black) and a second region (for 
example, white) which are different in color or brightness, 
and in which their boundary forms a horizontal line. By 
using Such a pattern, it is possible to read the pattern with a 
vertical line Scan and to easily measure the deviation of a 
horizontal line from the reference position based on a length 
of the first region and a length of the second region in the 
read pattern. 
0015. According to the present invention, since it is 
possible to measure and correct a nonlinear deflection even 
if the nonlinear deflection arises in a cantilever-like arm unit, 
it becomes possible to accurately insert a medium into a 
medium storage cell, and to accurately withdraw a medium 
from the medium storage cell. Particularly, when a deflec 
tion amount increases owing to a secular change while it has 
traditionally been necessary for a maintenance person to 
adjust a Support unit Supporting an arm unit, it becomes 
possible to eliminate the need of adjustment by accurate 
positional correction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is an explanatory diagram showing outline 
of the present invention. 
0017 FIG. 2 is a diagram showing an example of a 
structural of a magnetic tape library apparatus to which the 
present invention is applied. 
0018 FIG. 3 is a block diagram of an accessor mecha 
nism controller. 
0019 FIG. 4 is a perspective view of an accessor mecha 
nism. 
0020 FIGS. 5A and 5B are front views of the accessor 
mechanism. 
0021 FIGS. 6 to 8 are explanatory diagrams of a method 
for measuring a deflection amount of an arm unit. 
0022 FIGS. 9A and 9B are explanatory diagrams of a 
method for correcting the deflection amount. 
0023 FIG. 10 is a flowchart of a process of detecting and 
correcting a deflection of the arm unit. 
0024 FIGS. 11A to 11C illustrate conventional tech 
niques. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0025 Hereafter, embodiments of the present invention 
will be explained with reference to drawings. FIG. 1 is an 
explanatory diagram of outline of the present invention. In 
FIG. 1, reference numeral 1 denotes a medium transport 
apparatus according to the present invention, and reference 
numeral 2 denotes a media storage cell which contains a 
number of media 3 such as cartridges which are to be 
transported. A belt-like pattern 4 which has a monochrome 
borderline horizontally is added to the media storage cell 2. 
0026. The medium transport apparatus 1 includes a trans 
port mechanism unit which is a mechanical mechanism 
transporting a medium, and a transport control unit 10 which 
controls the transport mechanism uint. The transport mecha 
nism unit has a hold unit 16 holding a medium 3 which is 
taken in and out of the media storage cell 2, an arm unit 15 
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moving the hold unit 16 horizontally, a support unit 18 
supporting the arm unit 15, and an LM rail 19 guiding the 
Support unit 18 and moving the Support unit vertically. 
Additionally, an imaging unit (sensor) 17 having a CCD and 
so on is incorporated in the hold unit 16. Additionally, 
although not shown, a servo-motor is incorporated in the 
hold unit 16, and the support unit 18 and so on. 
0027. A transport control unit 10 includes a servo control 
unit 11 which performs drive control of the servo motor 
incorporated into the transport mechanism, a belt-like pat 
tern reading unit 12 which reads black and white of the 
belt-like pattern 4 added to the media storage cell 2 by the 
imaging unit 17, a deflection amount calculating unit 13 
which calculates a deflection amount H of the arm unit 15 
based on the read belt-like pattern, and correction value 
storing unit 14 which stores a correction value of a position 
corresponding to the calculated deflection amount. The 
servo control unit 11 corrects an objective position, to which 
the hold unit 16 is moved, based on the correction value of 
the position which the correction value storing unit 14 
stores, and operates the transport mechanism unit. Prefer 
ably, it is also possible to store positional information after 
the correction by which a reference position is corrected 
with the correction value instead of storing the correction 
value for the reference position in the correction value 
storing unit 14. 
0028. The present invention is applied, for example, to a 
cartridge transport mechanism in the following magnetic 
tape library apparatus. Additionally, the present invention is 
also applicable similarly to a transport mechanism of other 
reading medium and so on. 
0029 FIG. 2 shows an example of a structure of a 
magnetic tape library apparatus to which the present inven 
tion is applied. For example, a magnetic tape library appa 
ratus 101 to which the present invention is applied is an 
apparatus which performs automatically mounting, removal, 
storage, recording and reproduction and so on of a cartridge 
by a request from a host computer 102 as an upper rank 
apparatus. The magnetic tape library apparatus 101 includes 
a plurality of magnetic tape apparatuses 103 each of which 
perform recording and reproduction of data to a magnetic 
tape, a magnetic tape unit control unit 104 controlling the 
magnetic tape apparatuses 103 by a request from the host 
computer 102, a media storage cell 2 having a storage rack 
which can contain a plurality of cartridges inside, an acces 
Sor mechanism unit 106 which is a mechanism withdrawing 
a cartridge in the media storage cell 2, mounting the car 
tridge in the magnetic tape apparatus 103, or removing a 
cartridge from the magnetic tape apparatus 103, and insert 
ing the cartridge into the media storage cell 2, an accessor 
control unit 107 having an interface with the host computer 
102 and controlling the whole accessor, and an accessor 
mechanism control unit 108 performing control of motors of 
the accessor mechanism unit 106 and various mechanisms 
and so on. Additionally, the accessor mechanism control unit 
108 includes a servo control circuit 109 which is a control 
circuit driving DC servo motors of the accessor mechanism 
unit 106 and so on. 

0030 The accessor mechanism control unit 108 and the 
accessor mechanism unit 106 shown in FIG. 2 correspond to 
the medium transport apparatus 1 shown in FIG. 1. 
0031 FIG. 3 is a block diagram of the accessor mecha 
nism control unit 108 shown in FIG. 2. The accessor 
mechanism control unit 108 includes a microprocessor 
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(MPU) 110 which controls the entirety by a micro program, 
a drive circuit 111 which drives a motor 112 incorporated in 
the accessor mechanism 106, a current detection circuit 113 
which detects a drive current of the motor 112, a tachometer 
114 which measures revolution speed of the motor 112, a 
control circuit 115 which controls a CCD 116 as the imaging 
unit 17, a decoder 117 which decodes image data of the CCD 
116, and memory 118 for storing a micro program and data. 
The above described configuration is the same as a configu 
ration of a conventional technique. The correction value 
storing unit 14 shown in FIG. 1 is provided in the memory 
118. 

0032. Although the CCD 116 has a function of imaging 
the belt-like pattern 4, the CCD 116 is originally a unit for 
reading bar code for medium identification added to a 
cartridge of the medium 3. In an embodiment of the present 
invention, increase in cost is suppressed by using the CCD 
116 for this bar code reading also for reading of the belt-like 
pattern 4. 
0033 Although it is explained in this example that the 
accessor mechanism control unit 108 performs calculation 
of a deflection amount, storage of a deflection correction 
value, and correction of a position, it is also possible to give 
these functions to an upper rank apparatus and to implement 
the present invention. 
0034 FIG. 4 is a perspective view of the accessor mecha 
nism 106. In the accessor mechanism 106 shown in FIG. 4, 
an element with the same reference numeral as a reference 
numeral of an element in FIG. 1 corresponds to the element 
shown in FIG. 1. A Z mechanism unit 120 is a mechanism 
corresponding to the arm unit 15 and moving the hold unit 
16 in a horizontal Z-axial direction. An X mechanism unit 
121 is a mechanism of moving the hold unit 16 in a 
horizontal X-axis direction orthogonal to the Z-axis. A 
Swivel mechanism unit 122 is a mechanism of rotating the 
hold unit 16 horizontally. The Z mechanism unit 120 is 
supported on the LM rail 19 by the support unit 18, and the 
entirety is movable in a vertical Y-axis direction. 
0035 FIGS. 5A and 5B are front views of the accessor 
mechanism unit 106. FIG. 5A shows the accessor mecha 
nism 106 in a case where the hold unit 16 is in an initial 
position. When the hold unit 16 is positioned in the canti 
lever support unit 18 side in this way, a deflection of the Z 
mechanism unit 120 hardly becomes a problem. However, as 
the hold unit 16 separates from the supportunit 18 as shown 
in FIG. 5B, the deflection amount H becomes large and 
accurate alignment of the hold unit 16 with the media 
storage cell 2 becomes difficult. The present invention solves 
this problem by a process explained below. 
0036 FIGS. 6 to 8 are explanatory diagrams of a mea 
Suring method of a deflection amount of the arm unit (Z 
mechanism unit). Suppose one row of the media storage cell 
2 includes five cells C1 to C5. Reference flags F1 and F2 are 
provided in respective center positions of both the left and 
right end cells C1 and C5 of the media storage cell 2. These 
reference flags F1 and F2 are marks which a sensor such as 
the CCD 116 can read. Hereinafter, for the sake of expla 
nation, let the coordinate value in a horizontal (Z-axis) 
direction be represented by X, and let the coordinate value in 
a height direction be represented by y. Additionally, the 
monochrome belt-like pattern 4 with certain width is added 
to the media storage cell 2 along the row of the cells C1 to 
C5 so that a monochrome borderline may become horizon 
tal. 
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0037 (1) First, as shown in FIG. 6, the center positions 
of the reference flags F1 and F2 are read by the sensor, and 
actual center positions (x, y) and (x, y) for the cells C1 
and C5 are detected. 
0038 (2) Next, the hold unit 16 of the transfer robot is 
moved vertically in a state of keeping a horizontal position 
at X', and is positioned on a boundary line y where the 
entire image data D of the belt-like pattern 4 read by the 
CCD 116 becomes black. Additionally, it is assumed that the 
CCD 116 performs a line scan. 
0039 (3) Next, the hold unit 16 of the transfer robot is 
moved to Xs' horizontally in a state of keeping a vertical 
position aty. In the meantime, image data D is read by the 
CCD 116 every x-coordinate of each cell, and is stored in the 
memory. 
0040 (4) The hold unit 16 of the transfer robot is returned 
again to (x, y), and is positioned aty with being further 
lowered vertically a little. Here, when imaging is performed 
by the CCD 116, some white is included in image data D. 
0041 (5) Similarly to a process of the above described 
(3), the hold unit 16 is moved to X' horizontally in a state 
of keeping a vertical position aty. In the meantime, image 
data D is read every x-coordinate, and is stored in the 
memory 118. This aspect of reading is shown in FIG. 7. 
0042 (6) A deflection amount every x-coordinate is 
obtained from the image data extracted by a process of the 
above-described (3) and (5), and y and y. 
0043 FIG. 8 is an explanatory diagram of a calculation 
method of a deflection amount of the arm unit (Z mechanism 
unit). Variables are determined as follows. 
0044. It is assumed that total length of the image data is 
D, an angle between the line Scanning direction (image data) 
of the CCD 116 and a vertical direction is 0, a black-to-white 
ratio of the image data at a position (x, y) is min, a 
black-to-white ratio of the image data at a position (x, y) 
is main, and a deflection amount to be calculated is H. 
0045. As apparently from FIG. 8, the angle 0 between the 
direction of the image data and the vertical direction can be 
found by the following formula. 

in m2 lyd1 - yd2 
yd - yd2 = (in + in m2 + m2 |Dcos0. cost = "I '2 |D 

m1 + n m2 + m2 

0046 Hence, the deflection amount H can be found by 
the following formula. 

fil n (n2+ n2) H = Dcost = 
m1 + in m1 (m2 + m2) - m2 (m1 + (yal - yd 2) 

0047. A value of the deflection amount H calculated as 
mentioned above is stored and preserved in the correction 
value storing unit 14 as a deflection correction value. 
0048 Next, procedure of positional correction using the 
deflection correction value will be explained. FIGS. 9A and 
9B are explanatory diagrams of a correction method of a 
deflection amount. 
0049 (1)As shown in FIG.9A, the center positions of the 
reference flags F1 and F2 are read by the sensor, and actual 
center positions (x, y) and (x, ys") for the cells C1 and 
C5 are detected. 
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0050 (2) Next, center positions of the cells C2 to C4 are 
calculated based on the detected positions (x, y) and (Xs. 
ys") by linear interpolation. Positions of x marks in FIG. 9A 
are calculated. 
0051 (3) The nominal center positions (namely, positions 
of O marks in FIG.9) of the respective cells C1 to C5 which 
are stored in the memory in advance as the table values are 
corrected with the positions (x, y) to (x, y) which are 
found at the above-described (1) and (2). The correction to 
this point is the same as the correction of the conventional 
method explained with reference to FIG. 11B. 
0052 (4) Then, as shown in FIG.9B, the center position 
(x, y) of the cell C1 is made a reference position, and 
y-coordinatesy to y' of the center positions of the cells C2 
to C4 are corrected with the correction values of the deflec 
tion amounts which are stored in the correction value storing 
unit 14. 
0053 FIG. 10 is a flowchart of a process of detecting and 
correcting a deflection of the arm unit according to an 
embodiment of the present invention. 
0054. At step S1, firstly, as shown in FIG. 6, a center 
position of the reference flag F1 is read by the sensor, and 
an actual center position (x, y) for the cell C1 is detected. 
At step S2, similarly, a center position of the reference flag 
F2 is read by the sensor, and an actual center position (X", 
y") for the cell C5 is detected. 
0055. At step S3, center positions (x, y') to (x, y) of 
the cells C2 to C4 are calculated based on the detected 
positions (x, y) and (x, y) by linear interpolation. 
0056. At step S4, the nominal center positions of the 
respective cells C1 to C5 stored as the table values in 
advance are corrected with the coordinate values of (x, y) 
to (x, y) which are found at the steps S1 to S3. 
0057. At step S5, a loop variable i is initialized to 1 and 
the following steps S6 to S14 are repeated twice. 
0058 At step S6, the hold unit 16 is positioned at (x', 
y). Here, y is a y-coordinate of a boundary line where the 
entire image data D of the belt-like pattern 4 read by the 
CCD116 becomes black, and y is a position which is a 
little lower than y. Next, at step S7, a loop variable j is 
initialized to 2 and the following steps S8 to S12 are 
repeated four times. 
0059. At the steps S8 to S10, the hold unit 16 is hori 
Zontally moved to a horizontal position X, in a state that a 
vertical position of the hold unit 16 is kept at y, and is 
positioned at (x, y). At step S11, image data D is read by 
the CCD 116, and is stored in the memory 118. 
0060. At steps S12 and S13, after adding 1 to the loop 
variablej, it is judged whether exceeds 5. When it is judged 
that j is five or less, the process returns to the step S8, and 
the steps S8 to S12 are repeated similarly. When it is judged 
that exceeds 5, the process proceeds to the following step 
S14. 
0061. At steps S14 and S15, after adding 1 to the loop 
variable i, it is judged whether i exceeds 2. When it is judged 
that i is 2 or less, the process returns to the step S6, and the 
steps S6 to S14 are repeated similarly. When it is judged that 
i exceeds 2, the process proceeds to the following step S16. 
0062. At the step S16, a deflection amount of the arm unit 

is calculated based on the reading result of the image data D 
at the position (x, y). At step S17, the values of the table 
which stores the nominal center positions of the respective 
cells C1 to C5 are recorrected based on the calculation result 
of the deflection amount. 
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0063. It is not necessary to perform the above described 
process of detection and correction of a deflection amount 
each time the medium 3 is made transported. For example, 
it is enough to perform the process only once at power-up of 
the medium transport apparatus or at the time of the appa 
ratus being reset owing to a transport error arising. 

What is claimed is: 
1. A medium transport apparatus which moves a hold unit 

for a transported medium along an arm unit one side of 
which is Supported, holds the transported medium contained 
in a media storage cell by the hold unit, and performs 
insertion and withdrawal, and transportation of the trans 
ported medium, comprising: 

a pattern reading unit reading a pattern given to the media 
storage cell and in which a line is drawn horizontally 
using a sensor provided in the hold unit; 

a deflection amount calculating unit measuring a devia 
tion of the horizontal line in the pattern from a refer 
ence position corresponding to a position of the hold 
unit on the arm unit based on the pattern read by the 
pattern reading unit, and calculating a deflection 
amount of the arm unit based on the deviation of the 
horizontal line; 

a correction value storing unit storing a correction value 
for correcting a reference position of the media storage 
cell in which each transported medium is contained or 
corrected position information obtained by correcting 
the reference position based on the calculated deflec 
tion amount; and 

a servo control unit controlling movement of the hold unit 
using the correction value or the corrected position 
information stored in the correction value storing unit. 

2. The medium transport apparatus according to claim 1, 
wherein the medium transport apparatus is an apparatus for 
transporting a cartridge in a magnetic tape library apparatus. 

3. The medium transport apparatus according to claim 1, 
wherein the pattern given to the media storage cell and in 

which a line is drawn horizontally includes a first 
region and a second region which are different in color 
or brightness, and in which a boundary of the first 
region and the second region forms a horizontal line, 

wherein the sensor provided in the hold unit images the 
pattern by a vertical line Scan, and 

wherein the deflection amount calculating unit measures 
the deviation of the horizontal line from the reference 
position based on a length of the first region and the 
second region in the read pattern. 

4. The medium transport apparatus according to claim 2, 
wherein the pattern given to the media storage cell and in 

which a line is drawn horizontally includes a first 
region and a second region which are different in color 
or brightness, and in which a boundary of the first 
region and the second region forms a horizontal line, 

wherein the sensor provided in the hold unit images the 
pattern by a vertical line Scan, and 

wherein the deflection amount calculating unit measures 
the deviation of the horizontal line from the reference 
position based on a length of the first region and the 
second region in the read pattern. 


