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(57) ABSTRACT 

A printer includes a motor, a position calculation unit, a speed 
calculation unit, a position control unit, a speed control unit, 
and a Switching unit. The motor generates a driving force by 
which a transported object is transported. The position calcu 
lation unit calculates a current position of the transported 
object through driving the motor. The speed calculation unit 
calculates a current speed of the transported object through 
driving the motor. The position control unit controls the motor 
using at least PI control on the basis of the current position 
calculated by the position calculation unit and a target posi 
tion. The speed control unit controls the motor using at least 
PI control on the basis of the current speed calculated by the 
speed calculation unit and a target speed. The Switching unit 
Switches from control of the motor using the speed control 
unit to control of the motor using the position control unit at 
a position that is a predetermined distance before a target stop 
position to which the motor is driven. 
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PRINTER, DRIVE CONTROL METHOD, AND 
MOTOR CONTROL PROGRAM FOR 

PRINTER 

BACKGROUND 

0001 1. Technical Field 
0002 The present invention relates to a printer, a drive 
control method, and a motor control program for a printer. 
0003 2. Related Art 
0004 An inkjet printer includes a transport drive roller, 
transport driven roller, and the like, for transporting a printed 
medium. The transport drive roller is driven by a motor (here 
inafter, referred to as PF motor 31), such as DC motor. The 
drive control for the PF motor 31 mostly employs a PID 
control that uses a proportional element, an integral element 
and a derivative element in combination. In the PID control, a 
speed deviation (speed difference) between a target speed and 
an actual speed is calculated, a proportional element, an inte 
gral element and a derivative element are calculated on the 
basis of the speed deviation, and then a control value (duty 
ratio) of the PF motor 31 is determined (see JP-A-2006 
240212, JP-A-2003-48351, and JP-A-2003-79177). 
0005. In the above PID control, a control value is deter 
mined on the basis of the speed deviation; however, the target 
speed varies depending on a position to be reached. As the 
target position is reached, a duty ratio applied to the PF motor 
31 is set to a duty ratio at the time when the PF motor 31 is 
stopped. In this case, there is no feedback as to whether the PF 
motor 31 is actually stopped at the target position, which 
causes an inaccurate stop position. In addition, a response to 
load fluctuations on the PF motor 31 is poor, resulting in an 
inaccurate stop position. Thus, an obtained image quality is 
not favorable. 

SUMMARY 

0006 An advantage of some aspects of the invention is 
that it provides a printer, a drive control method and a motor 
control program, which provide an accurate stop position to 
make it possible to obtain a favorable image quality. 
0007 An aspect of the invention provides a printer. The 
printer includes a motor, a position calculation unit, a speed 
calculation unit, a position control unit, a speed control unit, 
and a Switching unit. The motor generates a driving force by 
which a transported object is transported. The position calcu 
lation unit calculates a current position of the transported 
object through driving the motor. The speed calculation unit 
calculates a current speed of the transported object through 
driving the motor. The position control unit controls the motor 
using at least PI control on the basis of the current position 
calculated by the position calculation unit and a target posi 
tion. The speed control unit controls the motor using at least 
PI control on the basis of the current speed calculated by the 
speed calculation unit and a target speed. The Switching unit 
Switches from control of the motor using the speed control 
unit to control of the motor using the position control unit at 
a position that is a predetermined distance before a target stop 
position to which the motor is driven. 
0008. With the above configuration, owing to the switch 
ing unit, the motor is Switched from at least PI control using 
the speed control unit to at least PI control using the position 
control unit. Thus, it is possible to obtain a favorable stop 
position accuracy of the motor. In addition, because control is 
performed using the position control unit after Switching by 
the Switching unit, even when a load fluctuates, it is possible 
to obtain a favorable stop position accuracy. 
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0009. In the above aspect of the invention, in the position 
control unit and the speed control unit, gains in both the 
control units may be adapted to each other. 
0010 With the above configuration, owing to adaptation 
of the gains, favorable switching may be performed by the 
Switching unit. Thus, fluctuations in speed of the motor at the 
time of Switching are reduced, so that it is possible to obtain 
a favorable stop position accuracy of the motor. In addition, 
with the favorable stop position accuracy, it is possible to 
obtain favorable print quality. 
0011 Furthermore, in the above aspect of the invention, 
the adaptation may be performed on the basis of adjustment of 
a deviation in the position control unit with a deviation in the 
speed control unit. 
0012. With the above configuration, by adjusting a differ 
ence between both deviations, it is possible to reduce fluctua 
tions in speed of the motor at the time of Switching. 
0013. In addition, in the above aspect of the invention, the 
Switching unit may switch from control of the motor using the 
speed control unit to control of the motor using the position 
control unit when the current position calculated by the posi 
tion calculation unit reaches a portion that is a predetermined 
distance from the target stop position. 
0014 With the above configuration, by calculating that a 
portion that is a predetermined distance from the target stop 
position is reached using the position calculation unit, control 
of the motor is switched by the switching unit from the speed 
control unit to the position control unit. Thus, a reliable 
Switching may be achieved. 
0015. Furthermore, in the above aspect of the invention, 
the transported object may be a printed medium having a size 
that is at least larger than or equal to A3 size. 
0016. With the above configuration, in a large-sized 
printed medium of which a tension or a load at the time of 
transporting is particularly large, it is possible to obtain a 
favorable stop position accuracy. Thus, for a large-sized 
printed medium, it is possible to obtain a favorable print 
quality. 
0017. Another aspect of the invention provides a drive 
control method for controlling a motor that generates a driv 
ing force by which a transported object is transported. The 
drive control method includes: controlling the motor using at 
least PI control on the basis of a current speed of the trans 
ported object calculated by a speed calculation unit and a 
target speed; detecting whether a portion that is a predeter 
mined distance before a target stop position to which the 
motor is driven is reached; and controlling the motor using at 
least PI control on the basis of a current position of the 
transported object calculated by a position calculation unit 
and a target position when it is detected that the position that 
is a predetermined distance before the target stop position is 
reached. 

0018 With the above configuration, when it is detected 
that the position that is a predetermined distance before the 
target stop position is reached, the motor is Switched from at 
least PI control using the calculated current speed and the 
target speed to at least PI control using the calculated current 
position and the target position. Thus, it is possible to obtain 
a favorable stop position accuracy of the motor. In addition, 
because control is performed using the calculated current 
position and the target position after Switching, even when a 
load fluctuates, it is possible to obtain a favorable stop posi 
tion accuracy. 
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0019. Further another aspect of the invention provides a 
computer readable storage medium storing a motor control 
program for a printer. The program includes instructions for: 
calculating a current position of a transported object through 
driving a motor that generates a driving force by which a 
transported object is transported; calculating a current speed 
of the transported object through driving the motor, control 
ling the motor using at least PI control on the basis of the 
calculated current position and a target position; controlling 
the motor using at least PI control on the basis of the calcu 
lated current speed and a target speed; and Switching from 
control of the motor using at least PI control on the basis of the 
calculated current speed and the target speed to control of the 
motor using the calculated current position and the target 
position at a portion that is a predetermined distance before a 
target stop position to which the motor is driven. 
0020. With the above configuration, owing to the switch 
ing of control of the motor, the motor is switched from at least 
PI control using the calculated current speed and the target 
speed to at least PI control using the calculated current posi 
tion and the target position. Thus, it is possible to obtain a 
favorable stop position accuracy of the motor. In addition, 
because control is performed using the calculated current 
position and the target position after Switching, even when a 
load fluctuates, it is possible to obtain a favorable stop posi 
tion accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The invention will be described with reference to the 
accompanying drawings, wherein like numbers reference like 
elements. 
0022 FIG. 1 is a schematic view that shows a side con 
figuration of a printer according to an embodiment of the 
invention. 
0023 FIG. 2 is a perspective view that shows an external 
appearance of a rear paper feeding mechanism of the printer 
shown in FIG. 1. 
0024 FIG. 3A and FIG. 3B are views that show ENC 
signals. 
0025 FIG. 4 is a block diagram that shows a schematic 
configuration of a speed control unit. 
0026 FIG. 5 is a block diagram that shows a schematic 
configuration of a position control unit. 
0027 FIG. 6 is a view that shows the relationship between 
a speed and a position in a speed table. 
0028 FIG. 7A and FIG. 7B are views that show a state in 
which a positional deviation is 1.5 times as large as a speed 
deviation when Switching from the speed control to the posi 
tion control. 
0029 FIG. 8A and FIG. 8B are views that show a state in 
which a positional deviation is 0.5 times as large as a speed 
deviation when Switching from the speed control to the posi 
tion control. 
0030 FIG. 9A and FIG.9B are views that show a state in 
which a difference between a position deviation and a speed 
deviation is 0 when switching from the speed control to the 
position control. 
0031 FIG. 10 is a table that illustrates the accuracy of a 
stop position of a PF motor. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0032 Hereinafter, a printer 10 that includes a motor con 
trol device (mainly, control unit 100) and a drive control 
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method according to an embodiment of the invention will be 
described with reference to FIG. 1 to FIG. 9B. Note that the 
printer 10 of the present embodiment is an inkjet printer; 
however, the inkjet printer may be a device that employs any 
liquid discharging method as far as it is a device capable of 
performing printing by discharging ink. 
0033. In addition, the printer 10 according to the present 
embodiment is a printer that is able to perform printing on a 
printed medium P larger than or equal to A3 size (so-called 
large-sized sheet); instead, the printer 10 may be a printer that 
performs printing on only a printed medium PSmaller than or 
equal to A3 size. 
0034. In addition, in the following description, the lower 
side corresponds to a side where the printer 10 is mounted and 
the upper side corresponds to a side that is located away from 
the side where the printer 10 is mounted. Furthermore, a side 
from which the printed medium P is fed is defined as a paper 
feed side (rear end side), and a side from which the printed 
medium P is ejected is defined as a paper ejection side (front 
end side). 

Schematic Configuration of Printer 10 
0035. As shown in FIG. 1, the printer 10 includes a case 
(not shown), a carriage drive unit 20, a paper transportunit 30, 
a rotary encoder 40, a linear encoder 50, and a control unit 
100, as main components. 
0036. Of these elements, the carriage drive unit 20 
includes a carriage 21, a carriage motor (CR motor 22), a belt 
23, a gear pulley 24, a driven pulley 25, and a carriage shaft 
26. The carriage 21 allows ink cartridges 27 for respective 
colors to be mounted thereon. In addition, as shown in FIG.1 
and FIG. 2, a print head 28 that is able to discharge ink 
droplets is provided on the lower face of the carriage 21. 
Further, the belt 23 is an endless belt and is partially fixed to 
the back face of the carriage 21. The belt 23 is looped around 
the gear pulley 24 and the driven pulley 25. 
0037. The print head 28 is provided with columns of 
nozzles (not shown) corresponding to the respective inks. 
Piezoelectric elements (not shown) are arranged at positions 
corresponding to the nozzles that form the columns of 
nozzles. Ink droplets may be discharged from the nozzles 
located at the ends of ink passages by these piezoelectric 
elements being operated. Note that the print head 28 is not 
limited to a piezoelectric drive-type that uses piezoelectric 
elements; the print head 28 may employ, for example, a 
heater-type that utilizes a force of bubbles generated by heat 
ing ink, a magnetostriction-type that uses a magnetostrictor, a 
mist-type in which ink mist is controlled with electric field, or 
the like. In addition, the inks with which the ink cartridges 27 
are filled may be of any types, such as dye ink or pigment ink. 
0038. As shown in FIG. 1, or the like, the paper transport 
unit 30 includes a PF motor 31 and a paper feed roller32. The 
PF motor 31, which serves as a motor and a transporting 
motor, transports a printed medium P which may be regarded 
as a transported object. The paper feed roller 32 feeds pieces 
of paper, Such as plain paper. In addition, a pair of PF rollers 
33 is provided on the paper ejection side with respect to the 
paper feed roller 32 for transporting and pinching the printed 
medium P. Further, on the paper delivery side of the pair of PF 
rollers 33, a platen 34 and the above described print head 28 
are arranged one above the other and are opposite each other. 
The platen 34, which corresponds to a mounting portion, 
supports, from its lower side, the printed medium P that is 
transported to below the print head 28 by the pair of PF rollers 
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33. On the paper ejection side with respect to the platen 34, a 
pair of paper ejection rollers 35, similar to the pair of PF 
rollers 33, is provided. Driving force is transmitted from the 
PF motor 31 to a paper ejection drive roller 35a of the pair of 
paper ejection rollers 35 and also to a PF drive roller33a. Note 
that the CR motor 22 and the PF motor 31 are DC motors. 

0039. In addition, as shown in FIG. 1, the rotary encoder 
40, which may be regarded as a position detection unit, 
includes a disc-shaped scale 41 and a rotary sensor 42. Of 
these elements, the disc-shaped scale 41 has a light transmit 
ting portion that transmits light therethrough and a light 
blocking portion that blocks transmission of light. The light 
transmitting portion and the light blocking portion are 
arranged along the circumferential direction of the disc 
shaped scale 41 at constant intervals. The disc-shaped scale 
41 is rotated by the PF motor 31. 
0040. The rotary sensor 42 has a light emitting element 
(not shown) and a light receiving element (not shown) as main 
components. Of these elements, the light emitting element is, 
for example, formed of a member, such as a light emitting 
diode, that is capable of emitting light. In addition, a collima 
tor lens (not shown) is located between the light emitting 
element and the light receiving element. Then, light emitted 
from the light emitting element passes through the collimator 
lens to be shaped into parallel rays of light and then enters into 
the disc-shaped scale 41. 
0041. On the other hand, light input into the light receiving 
element is converted into an electrical signal through a pre 
determined photoelectric conversion and is then processed in 
a signal processing circuit (not shown). After that, the pro 
cessed signal is output to a comparator (not shown). The 
comparator compares each of the input signals and, on the 
basis of the comparison, outputs pulse signals shown in FIG. 
3A and FIG. 3B (A-phase ENC signal, B-phase ENC signal; 
corresponding to detection signals). Here, the output A-phase 
ENC signal and the output B-phase ENC signal are different 
in phase by 90 degrees from each other. Therefore, when the 
CR motor 22 is in a forward rotation (when the carriage 21 is 
moving in a direction away from a home position), the 
A-phase ENC signal is advanced in phase by 90 degrees 
relative to the B-phase ENC signal. On the other hand, when 
the CR motor 22 is in a reverse rotation, the A-phase ENC 
signal is retarded in phase by 90 degrees relative to the 
B-phase ENC signal. 
0042. The linear encoder 50 has a linear scale 51 that 
extends along the auxiliary Scanning direction of the printer 
10 and a photosensor (linear sensor) 52 similar to the above 
described rotary encoder 40. Because the linear encoder 50 
has the similar structure to the rotary encoder 40 except that 
the linear scale 51 is formed long, a specific description 
thereof is omitted. 

0043. Note that the printer 10, other than the above 
described components, further includes other various sen 
sors, such as a paper width detection sensor that detects the 
width of the printed medium Panda gap detection sensor that 
detects a distance between the print head 28 and the platen34. 
0044. The control unit 100 will now be described with 
reference to FIG.4, FIG. 5, and the like. The control unit 100 
is a portion that executes various controls. The control unit 
100 receives various output signals from the rotary sensor 42. 
the linear sensor 52, the paper width detection sensor (not 
shown), the gap detection sensor (not shown), a power Switch 
that turns on/off the printer 10, or the like. 
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0045. As shown in FIG. 1, the control unit 100 includes a 
CPU 101, a ROM 102, a RAM 103, a PROM 104, an ASIC 
105, a motor driver 106, and the like, which are connected 
through a transmission line 107. Such as a bus, for example. 
By cooperation between these hardware and software and/or 
data stored in the ROM 102 or the PROM 104, or by adding a 
circuit or component that executes a specific processing, or 
the like, the configuration (a speed control unit 120) shown in 
the block diagram of FIG. 4, the configuration (a position 
control unit 140) shown in the block diagram of FIG. 5, a 
position calculation unit (mainly corresponds to position cal 
culation units 121 and 141), a speed calculation unit (mainly 
corresponds to speed calculation units 122 and 142) and a 
switching unit (mainly corresponds to the CPU 101) are func 
tionally implemented. 
0046. In addition, the CPU 101 switches a control unit to 
perform control between the speed control unit 120 and the 
position control unit 140. The switching is performed in such 
a manner that the CPU 101 loads a predetermined program or 
data from the ROM 102 or the PROM 104. More specifically, 
the CPU 101 receives a signal that indicates a current position 
and that is calculated by the position calculation unit (similar 
to the position calculation unit 121 shown in FIG. 4 and the 
position calculation unit 141 shown in FIG. 5) of the ASIC 
105. Then, in the CPU 101, it is determined on the basis of the 
signal that indicates the current position whether a Switching 
position that is a predetermined distance from a target stop 
position (see FIG. 6) is reached. When it is determined that it 
is reached, the control of the PF motor 31 is switched from a 
control based on the speed control unit 120 shown in FIG. 4 to 
a control based on the position control unit 140. 
0047. As shown in FIG. 4, the speed control unit 120 
includes the position calculation unit 121, the speed calcula 
tion unit 122, a first subtraction unit 123, a target speed 
generating unit 124, a second subtraction unit 125, a propor 
tional element 126, an integral element 127, a derivative 
element 128, a proportional correction unit 129, an integral 
correction unit 130, a derivative correction unit 131, an addi 
tion unit 132, and a PWM signal output unit 133. 
0048. Of these elements, the position calculation unit 121 
counts edges of an output signal (see FIG. 3A and FIG. 3B), 
which is a rectangular wave, input from the rotary sensor 42 
to calculate the amount by which a printed medium P (which 
may be regarded as a transported object) is fed. In addition, 
the speed calculation unit 122 counts edges of an output 
signal, which is a rectangular wave, input from the rotary 
sensor 42, and receives a signal related to time (period) mea 
Sured by a timer (not shown). Then, the speed calculation unit 
122 calculates a speed, at which a printed medium P is fed, on 
the basis of the counted edges and time (period). 
0049. The first subtraction unit 123 subtracts a current 
position from a target position (target stop position) on the 
basis of information regarding the amount of feeding output 
from the position calculation unit 121 (current position) and 
information regarding a target position output from a memory 
such as the ROM 102 or the PROM 104 to thereby calculate 
a positional deviation. The target speed generating unit 124 
receives information regarding a positional deviation output 
from the first subtraction unit 123. Then, the target speed 
generating unit 124 outputs information regarding a target 
speed in accordance with the positional deviation. Note that 
the information regarding the target speed contains a speed 
table shown in FIG. 6. 
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0050. The second subtraction unit 125 subtracts a current 
feeding speed of the PF motor 31 (current speed) from the 
target speed, calculates a speed deviation AV, and outputs the 
speed deviation AV to the proportional element 126, the inte 
gral element 127 and the derivative element 128. The propor 
tional element 126, the integral element 127 and the deriva 
tive element 128 calculate a proportional control value QP, an 
integral control value QI and a derivative control value QD on 
the basis of the input speed deviation AV as follows. 

OP(i)=AV(i)xKp Expression (1) 

QI(i)=QI(i-1)+AV(i)xKi Expression (2) 

OD(i)={AV(i)-AV(i-1)}xKd Expression (3) 

Where j is time, Kp is a proportional gain, Ki is an integral 
gain, and Kd is a derivative gain. 
0051. In addition, the proportional correction unit 129 
receives the proportional control value QP of Expression (1) 
from the proportional element 126 and a corrected integral 
control value QI' from the integral correction unit 130. The 
proportional correction unit 129 compares the proportional 
control value QP from the proportional element 126 with a 
value that is obtained by multiplying the corrected integral 
control value QI' from the integral correction unit 130 by a 
predetermined ratio (for example, 0.95). When the propor 
tional control value QP is smaller than the value that is 
obtained by multiplying the corrected integral control value 
QI' by a predetermined ratio, the proportional correction unit 
129 outputs the proportional control value QP to the addition 
unit 132, whereas when the value that is obtained by multi 
plying the corrected integral control value QI' by a predeter 
mined ratio is smaller than the proportional control value QP. 
the proportional correction unit 129 outputs the obtained 
value to the addition unit 132. 
0052. The derivative correction unit 131 receives the 
derivative control value QD from the derivative element and 
also receives the corrected integral control value QI' from the 
integral correction unit 130. The derivative correction unit 
131 compares the derivative control value QD from the 
derivative element 128 with a value that is obtained by mul 
tiplying the corrected integral control value QI' from the 
integral correction unit 130 by a predetermined ratio (for 
example, 0.95). When the derivative control value QD is 
smaller than the value that is obtained by multiplying the 
corrected integral control value QI' by a predetermined ratio, 
the derivative correction unit 131 outputs the derivative con 
trol value QD to the addition unit 132, whereas when the 
value that is obtained by multiplying the corrected integral 
control value QI' by a predetermined ratio is smaller than the 
derivative control value QD, the derivative correction unit 
131 outputs the obtained value to the addition unit 132. 
0053. Furthermore, the integral correction unit 130 of the 
present embodiment outputs a signal input from the integral 
element 127 to the addition unit 132 without any calculation. 
0054 The addition unit 132 adds up the control values 
output from the proportional correction unit 129, the integral 
correction unit 130 and the derivative correction unit 131, and 
outputs the resultant sum of the control values, obtained 
through addition, to the PWM signal output unit 133. The 
PWM signal output unit 133 outputs a PWM signal having a 
duty ratio that is obtained through converting the sum of the 
control values supplied from the addition unit 132. Note that 
the PWM signal output unit 133 has a set upper limit value of 
a duty ratio and, when a duty ratio obtained through convert 
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ing the control values exceeds the upper limit value (for 
example, 95 percent), outputs a duty ratio of the upper limit 
value. 
0055. The motor driver 106 controls driving the PF motor 
31 using PWM control on the basis of a PWM signal output 
from the PWM signal output unit 133. 
0056. As shown in FIG. 5, the position control unit 140 
includes the position calculation unit 141, the speed calcula 
tion unit 142, a first Subtraction unit 143, a positional gain 
multiplication unit 144, a third subtraction unit 145, a pro 
portional element 146, an integral element 147, a derivative 
element 148, a proportional correction unit 149, an integral 
correction unit 150, a derivative correction unit 151, an addi 
tion unit 152 and a PWM signal output unit 153. 
0057 Of these elements, the position calculation unit 141, 
the speed calculation unit 142, the first subtraction unit 143, 
the proportional element 146, the integral element 147, the 
derivative element 148, the proportional correction unit 149. 
the integral correction unit 150, the derivative correction unit 
151, the addition unit 152 and the PWM signal output unit 
153 are similar to the corresponding configurations (the posi 
tion calculation unit 121, the speed calculation unit 122, the 
first subtraction unit 123, the proportional element 126, the 
integral element 127, the derivative element 128, the propor 
tional correction unit 129, the integral correction unit 130, the 
derivative correction unit 131, the addition unit 132, and the 
PWM signal output unit 134) of the above described speed 
control unit 120, so that a description thereof is omitted. 
0058. The positional gain multiplication unit 144 calcu 
lates a value that is obtained by multiplying a positional 
deviation AL(target stop position-current position), which 
is calculated by the first subtraction unit 143, by a predeter 
mined positional gain. The third subtraction unit 145 sub 
tracts a current speed from the value calculated in the first 
subtraction unit 143 to calculate a deviation AH. Where a 
positional gain is G, a current speed is V, and a current period 
is T, the deviation AH is expressed as follows. 

AH=AL(i)xG-V(i) Expression (4) 

Control Method for PF Motor 31 

0059. The control method for the PF motor 31 in the 
printer 10 that includes the above described configuration will 
be described. 
0060. While the power of the printer 10 is on, as a driving 
instruction is issued from the CPU 101 to the PF motor 31 to, 
for example, perform printing, or the like, the PF motor 31 is 
driven in accordance with the speed table shown in FIG. 6. 
Then, the CPU 101 initially instructs the speed control unit 
120 to control driving of the PF motor 31. Thus, the PF motor 
31 is driven through speed PID control on the basis of a speed 
deviation AV between a target speed and a current speed. That 
is, the PF motor 31 is PID controlled so as to conform to the 
speed table of the target speed shown in FIG. 6. 
0061 Then, the speed PID control is performed in an 
acceleration region and constant speed region of the PF motor 
31, and in a deceleration region as well, the speed PID control 
is performed until immediately before the switching position 
shown in FIG. 6 (left side, a portion indicated by solid line in 
FIG. 6). 
0062. In addition, for driving the PF motor 31, the CPU 
101 receives a signal that indicates a current position and that 



US 2009/0057997 A1 

is calculated in the position calculation unit (similar to the 
position calculation unit 121 shown in FIG.4, and the like) of 
the ASIC 105. Then, in the CPU 101, it is determined on the 
basis of the signal that indicates the current position whether 
the Switching position that is a predetermined distance before 
the target stop position (see FIG. 6) is reached. That is, the 
CPU 101 determines whether the counted value in the posi 
tion calculation unit reaches a predetermined value. Note that 
the Switching position is set so as to be included in the decel 
eration region in the speed table. In addition, when the CPU 
101 determines that the counted value in the position calcu 
lation unit reaches a predetermined value, a specific control at 
the time of switching, which will be described later, is per 
formed. 
0063. In the above determination, when it is determined 
that the switching position is reached, the CPU 101 switches 
the control of the PF motor 31 from a control based on the 
speed control unit 120 to a control based on the position 
control unit 140. 
0064. Then, after switching, the deviation AH is calculated 
on the basis of Expression (4). AS is apparent from Expression 
(4), and the like, after Switching, the positional deviation AL 
gradually decreases as the PF motor 31 rotates. In addition, 
generally, PID control is performed so that a deviation 
becomes 0 (zero). Thus, in the positional PID control of the 
above Expression (4), as the positional deviation AL 
decreases, a current speed for canceling (Zeroing) the posi 
tional deviation AL also decreases. Note that after Switching, 
driving control will not be based on the speed table, in FIG. 6, 
the relationship between a speed and a position after Switch 
ing is indicated by broken lines as an imaginary one. 
0065 Incidentally, when the positional deviation AL 
becomes 0 (zero) through rotation of the PF motor 31 (that is, 
when the current position is a target stop position and the 
target stop position is reached), when the current speed is 0 
(Zero), the deviation AH is 0 (zero), so that the output from the 
PWM signal output unit 153 becomes 0 (zero) and thereby the 
PF motor 31 continues to stop. On the other hand, when the 
current speed at the time when the positional deviation AL is 
0 (zero) is not 0 (zero), the output based on the positional PID 
control, which is directed to cause the deviation AH to be 0 
(Zero) is supplied from the PWM signal output unit 153. Thus, 
finally, even after the deviation AH once becomes 0 (zero), it 
is possible to maintain the deviation AH at 0 (zero). 
0066. In this way, driving control of the PF motor 31 is 
performed, and the stop position thereof is highly accurate 
with respect to a target stop position. 

Specific Control at the Time of Switching 
0067. As shown in FIG. 6, when the control is switched 
from the speed PID control to the positional PID control, if 
there is a difference (a difference in deviation) between a 
speed deviation and a positional deviation, speed is disturbed 
to fluctuate at the time of switching. This state is shown in 
FIG. 7A and FIG. 7B. FIG. 7A and FIG. 7B show changes in 
duty and fluctuations in speed when a deviation after switch 
ing is 1.5 times as large as a deviation before Switching. 
0068. As shown in FIG. 7A and FIG. 7B, when the devia 
tion becomes 1.5 times the previous deviation, it is equivalent 
to a state in which a large deviation occurs immediately after 
Switching. Thus, the value of a duty ratio increases in order to 
cancel the large deviation (see FIG. 7A). For this reason, the 
speed immediately after switching is disturbed to fluctuate 
toward a direction to increase. Note that the ordinate axes in 
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FIG. 7A, FIG. 8A and FIG. 9A represent a value of a duty 
ratio (unit. cnt; 5000 cnt corresponds to duty 100 percent), 
and the ordinate axes in FIG. 7B, FIG. 8B and FIG. 9B 
represent a value of a speed (unit: IPS; inch per second). 
0069. On the other hand, FIG. 8A and FIG. 8B show 
changes in duty and fluctuations in speed when a deviation 
after Switching is 0.5 times as large as a deviation before 
switching. As shown in FIG. 8A and FIG. 8B, when the 
deviation becomes 0.5 times the previous deviation, it is 
equivalent to a state in which a previously existing deviation 
suddenly becomes a small deviation immediately after 
Switching. Thus, the value of a duty ratio sharply decreases in 
order to respond to the sharp decrease in deviation (see FIG. 
8A). For this reason, the speed immediately after switching is 
disturbed to fluctuate toward a direction to decrease. 
(0070. In contrast, FIG. 9A and FIG.9B show changes in 
duty and fluctuations in speed when a difference between a 
deviation before switching and a deviation immediately after 
switching is 0. Here, where the target speed is Vt, the current 
speed is Vc, the target position is Pt, the current position is Pc, 
and the positional gain is G, 

the speed deviation AV is expressed as AV= 
(Vt-Vc) Expression (5), and 

the positional deviation AH is expressed as AH-(Pt 
Pc)xG-Vc Expression (6). 

When a difference between a deviation obtained through 
Expression (5) and a deviation obtained through Expression 
(6) is 0, 

AV-AH =O Expression (7) 

..G=Vit (Pt-Pe) 

0071. When the gain G is adjusted so as to satisfy the 
above condition, it is possible to zero a difference between 
deviations before and immediately after switching from the 
speed PID to the positional PID. Note that in the above 
Expression (7), when K (K is not 1 at this time) that satisfies 
AV-KAH =0 realizes variations in speed shown in FIG.9B, 
the positional gain G that satisfies Expression (7) may be used 
to perform control. 
(0072. Note that FIG.10 shows results (the unit is AEP, EP 
is encoder pulse) regarding the accuracy of a stop position 
when a difference between deviations before and after 
Switching is 0 or when a deviation after Switching is as large 
as 0.5 times or 1.5 times as large as a deviation before switch 
ing, as shown in FIG.7A to FIG.9B. As shown in FIG. 10, the 
accuracy of a stop position of the PF motor 31 is clearly higher 
when a difference between deviations is 0 than when a dif 
ference between deviations is 0.5 times or when a difference 
between deviations is 1.5 times. 

Expression (8) 

Advantageous Effects According to the Aspects of 
the Invention 

0073. According to the above configured printer 10, the PF 
motor 31 is switched by the CPU 101 from a feedback control 
using the speed control unit 120 to a feedback control using 
the position control unit 140. Thus, it is possible to obtain a 
favorable stop position accuracy of the PF motor 31. In addi 
tion, because control is performed using the position control 
unit 140 after switching, even when a load fluctuates, it is 
possible to obtain a favorable stop position accuracy. 
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0074) Moreover, in the present embodiment, as the CPU 
101 determines that a switching position that is a predeter 
mined distance before a target stop position is reached, the 
CPU 101 switches from control of the PF motor 31 using the 
speed control unit 120 to control using the position control 
unit 140. Thus, when based on detection of a position, it is 
possible to reliably switch from the speed control unit 120 to 
the position control unit 140. 
0075. Furthermore, in the position control unit 140, posi 
tional PID control is performed on the PF motor 31. Thus, it 
is possible to obtain a high stop position accuracy of the PF 
motor 31. In addition, the positional PID control is less 
affected by disturbance and allows eliminating a residual 
deviation between a current position and a target stop posi 
tion. Thus, it is possible to maintain the PF motor 31 being 
stopped at the target stop position. 
0076. In addition, in the speed control unit 120, speed PID 
control is performed on the PF motor 31. Thus, while the PF 
motor 31 is being controlled by the speed control unit 120, the 
PF motor 31 hardly oscillates particularly in a constant speed 
region, so that it is possible to stabilize the behavior of the PF 
motor 31. In addition, the speed PID control is less affected by 
disturbance, and allows eliminating a residual deviation 
between a current speed and a target speed. Thus, it is possible 
to drive the PF motor 31 at a target speed. 
0077. In addition, in the present embodiment, as shown in 
Expression (4), the position control unit 140, after calculating 
a current position, calculates a value that is obtained by mul 
tiplying a positional deviation AL between a target stop posi 
tion and the current position by a predetermined positional 
gain, and then controls the PF motor 31 using PID control on 
the basis of a deviation AH that is obtained by subtracting the 
current speed from the above obtained value. Thus, because 
the deviation AH includes a positional deviation, it is possible 
to obtain a favorable stop position accuracy of the PF motor 
31. 

0078. Furthermore, in the present embodiment, the CPU 
101 switches control of the PF motor 31 using the speed 
control unit 120 to control using the position control unit 140 
in a deceleration region of the PF motor 31. Thus, it is possible 
to suppress oscillation in driving of the PF motor 31, which 
tends to occur when Switching to the position control unit 
140, in a speed constant region of the speed table. In addition, 
it is possible to achieve a highly accurate stop of the PF motor 
31 by gradually reducing power applied to the PF motor 31. 
0079. In addition, as described above, because the feed 
back control using the speed control unit 120 is switched to 
the feedback control using the position control unit 140 to 
make it possible to obtain a favorable stop position accuracy 
of the PF motor 31, it is possible to obtain favorable print 
quality on a printed medium P. 
0080 Particularly, the printer 10 is able to perform print 
ing on a large-sized printed medium P larger than A3 size. 
Thus, it is possible to obtain a favorable stop position accu 
racy for a large-sized printed medium P of which a tension or 
a load at the time of transporting is particularly large. Here, in 
the position control, a printed medium P may be moved back 
and forth with respect to a target stop position in order to stop 
the PF motor 31 at the target stop position, and this may cause 
a deviation from the target stop position when the printed 
medium P is moved back and forth because of a mechanical 
transport deviation, a tension, or the like. In the present 
embodiment, by reducing a difference between deviations 
when Switching from the speed control to the position control, 
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it is possible to minimize the above described back and forth 
movement. Thus, for a large-sized printed medium P, it is 
possible to particularly obtain favorable print quality. 
I0081. In addition, in the position control unit 140 and the 
speed control unit 120, gains in both the control units 120 and 
140 are adapted to each other. Thus, fluctuations in speed of 
the PF motor 31 at the time of switching from the speed 
control to the position control are reduced, so that it is pos 
sible to obtain a favorable stop position accuracy of the PF 
motor 31. In addition, with the favorable stop position accu 
racy, it is possible to obtain favorable print quality. 
I0082 Furthermore, the above adaptation is performed on 
the basis of adjustment of a deviation in the position control 
unit 140 with a deviation in the speed control unit 120. Thus, 
it is possible to reduce fluctuations in speed of the PF motor 
31 at the time of switching the control. 

Alternative Embodiments 

0083. The embodiment of the invention is described 
above, but it may be modified into various alternative embodi 
ments. Hereinafter, the alternative embodiments will be 
described. 
0084. In the above embodiment, the control unit 100 
includes the CPU 101 and the ASIC 105. However, the control 
unit 100 may be configured so that only the ASIC 105 governs 
the control of the PF motor 31, or the control unit 100 may 
also be configured so that the above CPU 101 and ASIC 105 
are combined with a one-chip microcomputer including vari 
ous built-in peripheral devices, or the like. 
0085. In addition, in the above embodiment, for the PF 
motor 31, control using the speed control unit 120 is switched 
to control using the position control unit 140. The Switching 
of control is not only applied to the PF motor 31, but it may 
also be applied to other motors. The other motors include, for 
example, a CR motor, a pump motor that drives a pump for 
vacuuming the print head 28, and other motors provided 
where necessary, such as a paper feed motor, a platen gap 
motor, or the like. 
I0086. Furthermore, in the above embodiment, the speed 
control unit 120 and the position control unit 140 are config 
ured to perform PID control. However, control of the PF 
motor 31 is not limited to PID control. Control other than the 
PID control includes feedback control, such as PI control, PD 
control or P control, and another control that uses feedfor 
ward control and feedback control in combination. 
I0087. In addition, in the above embodiment, the switching 
position is placed only in the deceleration region of the speed 
table. However, for example, a portion in which control is 
performed using the position control unit 140 may be pro 
vided in the acceleration region, after that, control may be 
switched to the control using the speed control unit 120 before 
the constant speed region is reached (this Switching portion 
corresponds to a first Switching position), and control may be 
again Switched to the control using the position control unit 
140 at a portion in the deceleration region (this Switching 
portion corresponds to a second Switching position). 
0088. In addition, in the above embodiment, it is deter 
mined whether the Switching position is reached, and then 
control is Switched from the control using the speed control 
unit 120 to the control using the position control unit 140. 
However, the Switching of control may not depend upon 
whether the Switching position is reached but depend upon 
another trigger (for example, whether predetermined time has 
elapsed). In addition, in the above embodiment, the motor 
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control device is applied to the printer 10. However, the motor 
control device is not limited to application to a printer; it may 
be applied to various apparatuses (for example, Scanner or 
digital camera) that uses a motor. 
0089. In addition, in the above embodiment, only a com 
bination of the speed PID control and the positional PID 
control is described; however, an open control may be com 
bined. In addition, in the above embodiment, in the speed 
control unit 120 and the position control unit 140, control of 
the PF motor 31 is performed using PID control. However, 
even with PI control in place of PID control, it is possible to 
implement control to obtain a favorable stop position accu 
racy of the PF motor 31 to thereby make it possible to obtain 
favorable print quality. 
0090 The entire disclosure of Japanese Patent Application 
Nos: 2007-225314, filed Aug. 31, 2007 and 2008-184640, 
filed Jul. 16, 2008 are expressly incorporated by reference 
herein. 
What is claimed is: 
1. A printer comprising: 
a motor that generates a driving force by which a trans 

ported object is transported; 
a position calculation unit that calculates a current position 

of the transported object through driving the motor; 
a speed calculation unit that calculates a current speed of 

the transported object through driving the motor, 
a position control unit that controls the motor using at least 

PI control on the basis of the current position calculated 
by the position calculation unit and a target position; 

a speed control unit that controls the motor using at least PI 
control on the basis of the current speed calculated by the 
speed calculation unit and a target speed; and 

a switching unit that switches from control of the motor 
using the speed control unit to control of the motor using 
the position control unit at a position that is a predeter 
mined distance before a target stop position to which the 
motor is driven. 

2. The printer according to claim 1, wherein in the position 
control unit and the speed control unit, gains in both the 
control units are adapted to each other. 

3. The printer according to claim 2, wherein the adaptation 
is performed on the basis of adjustment of a deviation in the 
position control unit with a deviation in the speed control unit. 

4. The printer according to claim 1, wherein the Switching 
unit Switches from control of the motor using the speed con 
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trol unit to control of the motor using the position control unit 
when the current position calculated by the position calcula 
tion unit reaches a portion that is a predetermined distance 
from the target stop position. 

5. The printeraccording to claim 1, wherein the transported 
object is a printed medium having a size that is at least larger 
than or equal to A3 size. 

6. A drive control method for controlling a motor that 
generates a driving force by which a transported object is 
transported, the drive control method comprising: 

controlling the motor using at least PI control on the basis 
of a current speed of the transported object calculated by 
a speed calculation unit and a target speed; 

detecting whether a portion that is a predetermined dis 
tance before a target stop position to which the motor is 
driven is reached; and 

controlling the motor using at least PI control on the basis 
of a current position of the transported object calculated 
by a position calculation unit and a target position when 
it is detected that the position that is a predetermined 
distance before the target stop position is reached. 

7. A computer readable storage medium storing a motor 
control program for a printer, the program comprising 
instructions for: 

calculating a current position of a transported object 
through driving a motor that generates a driving force by 
which a transported object is transported; 

calculating a current speed of the transported object 
through driving the motor; 

controlling the motor using at least PI control on the basis 
of the calculated current position and a target position; 

controlling the motor using at least PI control on the basis 
of the calculated current speed and a target speed; and 

Switching from control of the motor using at least PI con 
trol on the basis of the calculated current speed and the 
target speed to control of the motor using the calculated 
current position and the target position at a portion that 
is a predetermined distance before a target stop position 
to which the motor is driven. 
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