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POSITION DETECTION APPARATUS 

TECHNICAL FIELD 

[0001] The present invention relates to a position detection 
apparatus. More speci?cally, this invention relates to a 
position detection apparatus in Which data representing a 
position of an object to be measured is calculated from an 
output of a sensor for detecting a position of the object. 

BACKGROUND ART 

[0002] Among position detection apparatus, there are 
some apparatuses in Which data representing a position of an 
object to be measured is calculated from an output of a 
sensor, that is, some (not negligible) time is required for 
obtaining position data from the output of the sensor. 

[0003] FIG. 10 shoWs one example of such a conventional 
position detection apparatus. This position detection appa 
ratus 110 is a so-called optical rotary encoder, Which is a 
type connected to a motor controller 132 by a serial trans 
mission line 131. 

[0004] As shoWn in this ?gure, the position detection 
apparatus 110 comprises a light-emitting circuit 111, a 
photo-detecting circuit 112, a scale disc 113 and an ampli?er 
114. The position detection apparatus 110 also comprises a 
sample holding section 115, a multiplexer 116, an A/D 
converter 117, a microcomputer 118, a serial signal conver 
sion circuit 119, and a serial signal transmission circuit 120. 

[0005] The light-emitting circuit 111 is a circuit including 
light emission elements 121, M in number (M is a plural 
number). The photo-detecting circuit 112 is a circuit includ 
ing photodetectors 122, M in number, Which convert light 
from the light emission elements 121 in the light-emitting 
circuit 111 to electric signals (analog signals), respectively. 
The scale disc 113 (also referred to as a slit disc or a 
code-disc) is turntable machined so that the intensity of light 
incident on the photodetectors 122 in the photo-detecting 
circuit 112 changes, and by means of the rotation of this 
scale disc 113, M sine-Wave signals or triangular Wave 
signals having different periods or phases are output from 
the M photodetectors 122 in the photo-detecting circuit 112. 
Sine-Wave signals can be output When a scale disc 133 With 
a sine-Wave slit is used. HoWever, sine-Wave signals can be 
output even When a rectangular slit is used. Because, When 
a rectangular slit is used, a substantially sine-Wave signal 
(pseudo sine-Wave signal) can be obtained due to the dif 
fraction effect of the light. The scale disc 133 is generally 
attached to a rotation shaft of a motor Which is controlled by 
the motor controller 132. 

[0006] The ampli?er 114 is a circuit for amplifying the 
output of each photodetector 122 in the photo-detecting 
circuit 112. That is to say, the ampli?er 114 is a circuit for 
outputting M analog signals. The sample holding section 115 
includes M sample holding circuits respectively connected 
to M amplifying circuits in the ampli?er 114. All the sample 
holding circuits in the sample holding section 115 are 
supplied With the sample holding signals from the micro 
computer 118. That is to say, the sample holding section 115 
simultaneously holds M signals Which change time-Wise, 
output from the amplifying circuit 114, When a sample 
holding signal instructing the holding operation is input, and 
subsequently continues to output the held M signals. 
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[0007] The multiplexer 116 outputs a signal instructed by 
the microcomputer 118, among M signals output from the 
sample holding section 115. The A/D converter 117 converts 
the analog signal output from the multiplexer 116 to a digital 
signal, and the control of the operation timing of the A/D 
converter 117 is also performed by the microcomputer 118. 

[0008] The serial signal conversion circuit 119 converts a 
parallel signal from the microcomputer 118 to a serial signal, 
and supplies the serial signal to the serial signal transmission 
circuit 120. The serial signal conversion circuit 119 also 
performs a processing Which is reverse to this. When a 
predetermined signal is supplied from the serial signal 
transmission circuit 120 (When a request signal is received 
by the serial signal transmission circuit 120, and a signal 
corresponding to the request signal is supplied from the 
serial signal transmission circuit 120), the serial signal 
conversion circuit 119 outputs a signal for informing the 
microcomputer 118 of this matter. 

[0009] The serial signal transmission circuit 120 is an 
interface circuit With the motor controller 132. The serial 
signal transmission circuit 120 prepares a transmission sig 
nal by subjecting the serial signal provided by the serial 
signal conversion circuit 19 to a predetermined processing 
(calculation of CRC, addition of start bit and stop bit, or the 
like), and supplies the prepared transmission signal to the 
motor controller 132 via the serial transmission line 131. 
The serial signal transmission circuit 120 also performs a 
processing for preparing a serial signal corresponding to the 
transmission signal received from the motor controller 132. 

[0010] The microcomputer 118 is a control circuit of the 
position detection apparatus 110. The microcomputer 118 
includes an input circuit 123, an output circuit 124, a CPU 
125 and a timer 126, and the output of the A/D converter 117 
is supplied to the CPU 125 via the input circuit 124. The 
sample holding signal is output from the output circuit 125 
under the control of the CPU 125. The serial signal conver 
sion circuit 119 is connected to the CPU 125. 

[0011] Moreover, though not shoWn, the position detection 
apparatus 110 is provided With a circuit for detecting that the 
scale disc 113 has made one revolution from the output of a 
speci?c photodetector 122 in the photo-detecting circuit 112, 
and a multi-turn counter for counting hoW many revolutions 
the scale disc 113 has made based on the detection result of 
the circuit, and the multi-turn counter is also connected to 
the CPU 125. 

[0012] The overall operation of the position detection 
apparatus 110 Will noW be described, With reference to FIG. 
10 and FIG. 11. In FIG. 11, (A) illustrates a timing for the 
position detection apparatus 110 to receive a request signal 
from the motor controller 132, (B) illustrates the time 
change in a value of a timer 126 in the microcomputer 118. 
(C) illustrates the time change in the sample holding signal 
output from the microcomputer 118 to the sample holding 
section 115, and (D) illustrates the time change in the 

contents of processing executed by the CPU 125. Finally, illustrates the timing When a position signal is transmitted 

from the position detection apparatus 110. 

[0013] The position detection apparatus 110 is an appara 
tus Which supplies a position signal holding position data 
representing the position of the scale disc 113 at the time 
When it receives a request signal from the motor controller 
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132 via the serial transmission line 131, as a response to the 
request signal, via the serial transmission line 131 to the 
motor controller 132. 

[0014] The position data handed over to the motor con 
troller 132 comprises 2-byte data shoWing hoW many turns 
the scale disc 113 has made until then, and 2-byte data 
related to the angle of rotation of the scale disc 113. The 
former data is obtained from the multi-turn counter, and 
hence required data related to the time can be obtained 
immediately. The data related to the angle of rotation, 
hoWever, is calculated by numerical operation based on the 
output of the photo-detecting section 112, and hence, rela 
tively long period of time is required for the completion of 
processing to obtain the data. Accordingly, if it is so con 
structed that the processing is to be started at the time of 
reception of the request signal, the position data representing 
the position of the slit disc 113 at the time When the request 
signal is transmitted is received, after a While after the 
transmission of the request signal. 

[0015] From the vieW point of the motor controller side, it 
is convenient that the position data representing the position 
of the scale disc 113 can be obtained at the time When the 
request signal is transmitted. Hence, With this position 
detection apparatus 110, the position data handed over to the 
motor controller 132 at the time of reception of the request 
signal is generally obtained before reception of the request 
signal. A position detection apparatus in Which the position 
data related to the transmission time is calculated (pre 
sumed) from the position data derived from the measure 
ment value is knoWn. In this apparatus the position data is 
transmitted before reception of the next request signal. 

[0016] Precisely, the CPU 125 in the position detection 
apparatus 110 clears the timer 126 to be 0, every time it is 
detects that the request signal is received, as shoWn in FIG. 
11(A) and Then, the CPU 125 starts processing for 
obtaining the position data, When the value of the timer 126 
becomes TMSET. Here, TMSET is data given to the CPU 125 
beforehand. 

[0017] For example, if it is assumed that the time When the 
request signal is received is time tb, the CPU 125 starts 
processing for obtaining the position data at time tc after 
time TMSET has passed since time tb. 

[0018] As schematically shoWn in FIG. 11(C) and (D), at 
the time of this processing, the CPU 125 designates the 
sample holding signal as “L”, to thereby have the sample 
holding section 115 hold M signals Which are being output 
from the amplifying section 114. Then, the CPU 125 per 
forms control of the A/D converter 117 or the like, to obtain 
M data corresponding to the output of the M photodetectors. 
The CPU 125 then returns the sample holding signal to “H” 
(high logical level), and calculates the position data DTO, at 
time tb When the sample holding signal is designated as “L” 
(loW logical level) (When the hold command is given to the 
A/D converter 117), from the obtained M data and the value 
of the multi-turn counter. In this processing, M‘ (in this 
apparatus, M‘=16) bit data representing the angle of rotation 
are obtained from the M data. Data comprising the data and 
the multi-turn counter value are designated as the position 
data DTO. 

[0019] The CPU 125 then performs calculation expressed 
With the folloWing expression (hereinafter, referred to as 
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correction expression), in order to obtain transmission posi 
tion data SDO Which is position data to be informed to the 
motor controller 132 as a response to the request signal to be 
received thereafter. 

[0020] Here, SD_1, and SD_2 are respectively transmission 
position data calculated (transmitted) last time and the last 
but one. TMRQ is data given to the CPU 125 beforehand, as 
a period of the request signal output from the motor con 
troller 132 connected to the position detection apparatus 
110. 

[0021] The CPU 125 then supplies the calculated SDO to 
the serial signal transmission circuit 120 via the serial signal 
conversion circuit 119, When the request signal is received 
in a later stage, and as a result, the position signal holding 
SDO is transmitted on the serial transmission line 131 (see 
FIG. 11(E)). 

[0022] Here, the reason Why the transmission position data 
SDO is obtained from the above-described correction expres 
sion Will be described in brief. 

[0023] With this position detection apparatus 110, the time 
to When the hold command is issued is a time after time 
TMSET has passed since the reception time tb of the request 
signal, and the time When the next request signal is to be 
received should be time td after time TMRQ has passed since 
the time tb. Accordingly, if it is assumed that the change rate 
(variation per unit time) of the position of the scale disc 113 
betWeen time to and td is V, the transmission position data 
SD0 to be transmitted at the time of reception of the next 
request signal is expressed by the folloWing expression: 

[0024] If it is assumed that V is equal to the change rate 
of the position of the scale disc 113 betWeen time t3 and tb 
(that is, (SD_1—SD_2)/TMRQ), the above-described correc 
tion expression is ful?lled. Hence, With the position detec 
tion apparatus 110, SDO is calculated from the correction 
expression. 

[0025] Since the conventional position detection apparatus 
110 operates as described above, if the period of the request 
signal from the motor controller 132 exactly coincides With 
TMRQ, When the request signal is received, the position data 
representing the position of the scale disc 113 at that time 
can be informed to the motor controller. 

[0026] If the position detection apparatus is connected for 
use to a motor controller having the period IRQ of the request 
signal different from TMRQ, When the request signal is 
received, the position detection apparatus 110 cannot inform 
the motor controller of the position data representing the 
position of the scale disc 113 at that time. Because, the 
transmission position data calculated by the CPU 125 is the 
position data representing the position of the scale disc 113 
at the time When time TMRQ has passed since reception of 
the last request signal, and is not data at the time When time 
IRQ has passed. 

[0027] That is to say, the conventional position detection 
apparatus 110 cannot be used in combination With other 
motor controllers having different request signal periods, or 
cannot be used in combination With motor controllers Which 
change the request signal period by itself. 
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[0028] Moreover, in ordinary motor controllers, the trans 
mission timing of the request signal is controlled by hard 
Ware and software. That is to say, transmission of request 
signals, once in several times, is performed in the manner 
synchronized With the signal having eXact period output 
from the hardWare, and transmission of other request signals 
is in many cases timing-controlled by the softWare. When 
the position detection apparatus 110 is connected to such a 
motor controller, the interval of the request signal input to 
the position detection apparatus 110 varies. When the inter 
val of the request signal varies, as is obvious from the 
above-described operation procedure, the conventional posi 
tion detection apparatus 110 outputs erroneous transmission 
position data, hence there may be a case Where control of the 
motor is not performed properly. 

[0029] Moreover, to improve the ability of the motor to a 
response, it is desired that position data having high preci 
sion (having many number of bits) can be supplied to the 
motor controller in a short period. In particular, With the 
synchronous motor, the position of the magnetic pole of a 
permanent magnet used for the ?eld magnet changes at high 
speed during high-speed rotation, hence it is required that 
the position of the magnetic pole can be informed to the 
motor controller in a short period. 

[0030] With the conventional position detection apparatus 
110, hoWever, the period in Which the position data can be 
supplied to the motor controller 132 is limited by the 
transmission time of the position signal determined by the 
number of bits of the transmission position data, or by the 
time required for calculation of the transmission position 
data. As a result, there may be a case Where the position 
detection apparatus cannot properly perform control of the 
motor or the like. 

[0031] Speci?cally, the position detection apparatus 110 is 
an apparatus Which transmits signals of 7 frames in total, as 
shoWn in FIG. 12, comprising a control signal (CD) 801, 
4-byte transmission position data signals (SDO) 902, an 
alarm signal (ALM) 903, and a cyclic redundancy check 
signal (CRC) 904, as position signals, to the motor controller 
132. Here, the frame shoWn on the left side in the ?gure is 
?rst transmitted. 

[0032] Since one frame is formed by adding a start bit and 
a stop bit in front and back of the byte data to be transmitted, 
the total number of bits of this signal becomes 70 bits as 
shoWn in the ?gure. When the transfer speed for serial 
communication is 2.5 Mbps, the time required for the 
transmission of the 70-bit signal becomes 28 us (=70/(2.5>< 
106)). Therefore, the position detection apparatus 110 cannot 
inform the motor controller 132 of the position data in a 
period shorter than this time. If the data transfer speed of the 
serial communication is increased, the period can be short 
ened, but since the signal becomes dull on the serial trans 
mission line, it is actually impossible to increase the transfer 
speed than the current speed. 

[0033] Moreover, since the time required for calculation of 
the transmission position data is a time in the same order as 
that required for transmission of the position signal, as 
shoWn schematically in FIG. 11. Hence, When the motor or 
the like is controlled using the conventional position detec 
tion apparatus 110, there is a case Where the position data 
cannot be obtained in a period required for the control, 
depending on the control contents. 

[0034] It is therefore an object of the present invention to 
provide a position detection apparatus Which can properly 
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control an apparatus to be controlled, such as a motor or the 
like for moving the position of an object to be measured. 

DISCLOSURE OF THE INVENTION 

[0035] The position detection apparatus according to the 
present invention comprises a detection unit Which detects 
reception of a request signal Which requests output of the 
position data; a sensor output measurement unit Which 
measures the output of a sensor for detecting the position of 
an object to be measured, When a predetermined time has 
passed since reception of the request signal Was detected by 
the detection unit; a position data calculation unit Which 
calculates the position data representing the position of the 
object at a point of time When the measurement Was per 
formed, based on the output measured by the sensor output 
measurement unit; a corrected position data calculation unit 
Which calculates corrected position data Which is position 
data representing the position of the object at the time of 
receiving the request signal, using a value obtained by 
subtracting the predetermined time from the reception inter 
val of the request signal, position data calculated by the 
position data calculation unit, and a presumed speed of the 
object; and an output unit Which outputs the corrected 
position data calculated by the corrected position data cal 
culation unit as a response to the request signal. 

[0036] That is to say, With the position detection apparatus 
according to the present invention, When the position data 
(corrected position data) at the time of reception of the 
request signal is calculated (presumed), based on the posi 
tion data related to a certain time calculated based on the 
output of the sensor, the elapsed time from that time till the 
request signal has been actually received is used. Accord 
ingly, even if the reception period of the request signal 
changes, the position detection apparatus can output accu 
rate position data, and if this position detection apparatus is 
used, accurate position data related to the object can be 
obtained in a desired frequency. As a result, With this 
position detection apparatus, an apparatus to be controlled 
(eg a motor) Which changes the position of the object can 
be controlled more appropriately. 

[0037] Moreover, the position detection apparatus accord 
ing to the present invention comprises a detection unit Which 
detects reception of a request signal for requesting output of 
the position data; a measurement processing execution unit 
Which eXecutes measurement of the sensor output for detect 
ing a position of an object to be measured, every time 
multiples of time of an output period given in advance, being 
a period of an integral fraction of a period of the request 
signal, has passed, after a predetermined time has passed 
since the detection of the request signal, every time the 
reception of the request signal is detected by the detection 
unit; a position data calculation unit Which calculates posi 
tion data representing the position of the object at a point of 
time When measurement is performed, using a measured 
output, every time the output of the sensor is measured by 
the measurement processing execution unit; a corrected 
position data calculation unit Which calculates the corrected 
position data, being position data representing the position 
of the object at a point of time ?rst reached after measure 
ment of the output by the sensor output measurement unit, 
Which is a point of time When multiples of time of the output 
period has passed since the reception of the request signal, 
using a calculated position data, every time the position data 
is calculated by the position data calculation unit, the output 
period, the predetermined time and change rate of a pre 
sumed position of the object; and a corrected position data 
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output unit Which outputs the calculated corrected position 
data, every time the corrected position data is calculated by 
the corrected position data calculation unit, at a time When 
the corrected position data is representing a position. 

[0038] That is to say, With the position detection apparatus 
according to the present invention, calculation and trans 
mission of the corrected position data are performed in the 
previously given output period, While sometimes being 
synchroniZed With the request signal. Therefore, if this 
position detection apparatus is combined With the equipment 
Which transmits only a request signal having an accurate 
period Which is time-controlled by the hardWare (for 
example, motor controller), it is possible to minimize the 
adverse effect on the control of an apparatus to be controlled 
due to difference in the reception interval of the request 
signal. 

[0039] Moreover, When the position detection apparatus 
according to the present invention is realiZed, the position 
detection apparatus may be added With a monitoring unit 
Which monitors the change rate of a position of the object 
and an output period change unit Which changes a value of 
the output period to other values Which are an integral 
fraction of a period of the request signal, depending on the 
monitoring result of the monitoring unit. When the moni 
toring unit is added, a bit length change unit Which changes 
the bit length of the position data calculated by the position 
data calculation unit depending on the monitoring result of 
the monitoring unit may be also added. 

[0040] By using the position detection apparatus accord 
ing to the present invention, added With the monitoring unit 
or the like, it becomes possible to perform control of an 
apparatus to be controlled Which is changing the position of 
the object in an environment depending on the change rate 
of the position of the object, thereby enabling appropriate 
control of the apparatus to be controlled. 

[0041] Furthermore, When the position detection appara 
tus according to the present invention is realiZed, the posi 
tion detection apparatus may be added With an output period 
change unit Which changes a value of the output period to 
other values Which are an integral fraction of a period of the 
request signal, depending on the assignment information 
included in the request signal detected by the detection unit. 

[0042] That is to say, the position detection apparatus may 
be constructed such that the value of the output period is 
changed in response to the instruction from the equipment to 
be connected. 

[0043] Also, the position detection apparatus according to 
the present invention comprises a detection discrimination 
unit Which detects reception of a request signal for request 
ing an output of the position data, and discriminating 
Whether the request signal Whose reception has been 
detected is a ?rst class request signal or a second class 
request signal; a measurement processing execution unit 
Which executes processing for measuring the output of a 
sensor for detecting the position of the object, every time 
multiples of time of a period of the request signal given in 
advance has passed, after a predetermined time has passed 
since the reception detection of the ?rst class request signal, 
every time the reception of the ?rst class request signal is 
detected by the detection discrimination unit; a position data 
calculation unit Which calculates position data representing 
the position of the object at a point of time When measure 
ment is performed, using a measured output, every time the 
output of the sensor is measured by the measurement 
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processing execution unit; a corrected position data calcu 
lation unit Which calculates the corrected position data, 
being position data representing the position of the object at 
a point of time ?rst reached after measurement of the output 
by the sensor output measurement unit, Which is a point of 
time When multiples of time of the period has passed since 
the reception of the ?rst class request signal, using the 
position data, every time the position data is calculated by 
the position data calculation unit, the period, the predeter 
mined time and change rate of a presumed position of the 
object; and a corrected position data output unit Which 
outputs the calculated corrected position data, every time the 
corrected position data is calculated by the corrected posi 
tion data calculation unit, after the calculation, as a response 
to the ?rst class request signal or the second class request 
signal Whose reception has been detected by the detection 
discrimination unit. 

[0044] That is to say, With the position detection apparatus 
according to the present invention, the ?rst class request 
signal is used as a signal for deciding the timing for starting 
a processing for obtaining the corrected position data, and a 
signal for deciding the timing for executing the data output 
(transmission). On the other hand, the second class request 
signal is used only as a signal for deciding the timing for 
performing data output, and the start timing of the process 
ing for obtaining the corrected position data output at the 
time of data output is decided based on the reception time of 
the ?rst request signal. 

[0045] Accordingly, if the position detection apparatus is 
combined With another equipment (eg motor controller) 
Which outputs the ?rst request signal at the time of output 
ting the request signal controlled by the hardWare control 
and outputs the second request signal at the time of output 
ting the request signal controlled by the softWare control, 
even if the transmission timing of the request signal varies 
in the equipment, control itself of the apparatus to be 
controlled (e.g. motor) Which is changing the position of the 
object can be performed Without any problem. 

[0046] When the position detection apparatus according to 
the present invention is realiZed, the position detection 
apparatus may be added With a transmission unit Which 
transmits a signal having a ?rst predetermined number of 
bits representing corrected position data, on a serial trans 
mission line to Which the equipment for outputting the 
request signal is connected, as a detection result, With regard 
to the corrected position data ?rst output by the corrected 
position data output unit, and a signal having a second 
predetermined number of bits, Which is smaller than the ?rst 
predetermined number of bits, representing a difference 
betWeen the corrected position data and corrected position 
data output last time, on the serial transmission line, as a 
detection result, With regard to the corrected position data 
output for the second time and after by the corrected position 
data output unit. 

[0047] If the position detection apparatus added With this 
transmission unit is combined With an apparatus Which 
stores the corrected position data represented by the ?rst 
input signal as the absolute position data, adds data repre 
sented by the signal input after that to the absolute position 
data, and handles the absolute position data after the addition 
as data representing the position of an object at that point of 
time, and also controls the object directly or indirectly (e.g. 
motor controller), the time required for transmission of the 
corrected position data can be further shortened. That is to 
say, the acquisition frequency of the corrected position data 
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can be increased, and as a result, the apparatus to be 
controlled (e.g. motor) can be controlled more appropriately. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] FIG. 1 is a diagram shoWing a construction of a 
position detection apparatus according to a ?rst embodiment 
of the present invention, FIG. 2 is a How chart shoWing the 
operation procedure of a CPU in the position detection 
apparatus according to the ?rst embodiment, FIG. 3 is a 
timing chart for explaining the operation of the position 
detection apparatus according to the ?rst embodiment, FIG. 
4 is a How chart shoWing the operation procedure of a CPU 
in a position detection apparatus according to a second 
embodiment of the present invention, FIG. 5 is a timing 
chart for explaining the operation of the position detection 
apparatus according to the second embodiment, FIG. 6 is a 
How chart shoWing the operation procedure of a CPU in a 
position detection apparatus according to a third embodi 
ment of the present invention, FIG. 7 is a timing chart for 
explaining the operation of the position detection apparatus 
according to the third embodiment, FIG. 8 is a How chart 
shoWing the operation procedure of a CPU in a position 
detection apparatus according to a fourth embodiment of the 
present invention, FIG. 9 is a diagram shoWing the opera 
tion of a position detection apparatus according to a ?fth 
embodiment, FIG. 10 is a diagram shoWing a construction 
of a position detection apparatus in the prior art, FIG. 11 is 
a timing chart for explaining the operation of the position 
detection apparatus in the prior art and FIG. 12 is a diagram 
shoWing a signal transmitted to a motor controller from the 
conventional position detection apparatus. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0049] To describe the present invention in more detail, 
the present invention Will noW be described With reference 
to the accompanying draWings. A schematic construction of 
a position detection apparatus according to the ?rst embodi 
ment of the present invention is shoWn in FIG. 1. 

[0050] The position detection apparatus 10 according to 
the ?rst embodiment is a so-called optical rotary encoder, 
and comprises a light-emitting circuit 11, a photo-detecting 
circuit 12, a scale disc 13 and an ampli?er 14. The position 
detection apparatus 10 also comprises a sample holding 
section 15, a multiplexer 16, an A/D converter 17, a micro 
computer 18, a serial signal conversion circuit 19, and a 
serial signal transmission circuit 20. Further, the position 
detection apparatus 10 comprises a circuit (not shoWn) 
Which detects one revolution of the scale disc based on the 
output of a speci?c photodetector 22, and a multi-turn 
counter (not shoWn) Which is a counter for counting up every 
time it is detected that the scale disc 13 makes one turn. This 
counter is connected to the CPU 25. The position detection 
apparatus 10 is connected to a motor controller 32 using a 
serial transmission line 31 and used. 

[0051] Sections other than the microcomputer 18 of the 
position detection apparatus 10 perform the same operation 
as those having the same name in the position detection 
apparatus 110. Hence, the operation of the position detection 
apparatus 10 Will be described beloW, mainly for the control 
operation by the microcomputer 18 (CPU 25), With refer 
ence to FIG. 2 and FIG. 3. FIG. 2 is a How chart shoWing 
the sequence of operation of the microcomputer 18 (CPU 
25). FIG. 3(A) illustrates a timing for the position detection 
apparatus 10 to receive a request signal from the motor 
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controller 32, (B) illustrates the time change in a value of a 
timer 26 in the microcomputer 18. (C) illustrates the timing 
that the sample holding signal is output from the microcom 
puter 18 to the sample holding section 15, and (D) rates the 
time change in the contents of processing executed by the 
CPU 25. Finally, illustrates the timing When a position 
signal holding the transmission position data is transmitted 
from the position detection apparatus 10. 

[0052] As shoWn in FIG. 2, the processing executed by 
the CPU 25 is largely divided into a ?rst branching process 
ing (step S110) Which is initiated When the value of the timer 
26 becomes a predetermined value TMSET, a second branch 
ing processing (step S120) Which is initiated When the 
request signal is received and other softWare processing 
(step S130) Which is a processing performed When each 
branching processing is not performed. 

[0053] At ?rst, the operation of the CPU 25 at the time of 
the ?rst branching processing Will be described. 

[0054] When the value of the timer 26 becomes a prede 
termined value TMSET, the CPU 25 suspends other active 
softWare processing, and designates the sample holding 
signal as “L”, to thereby have the sample holding section 15 
hold M signals from the ampli?er 14 (step S111). That is to 
say, the CPU 25 ?xes the signal input to the multiplexer 16 
to a signal representing the condition of the scale disc 13 
When the value of the timer 26 becomes TMSET. 

[0055] Thereafter, the CPU 25 supplies a predetermined 
selection signal to the multiplexer 16 so that one of M 
signals input to the multiplexer 16 is supplied to the A/D 
converter 17 (step S112). Then, the CPU 25 operates the A/D 
converter 17, and as a result, the data output from the A/D 
converter 17 is stored (step S113). Thereafter, if there remain 
signals Which have not been subjected to the processing in 
steps S112 and S113 (step S114: No) in signals output by the 
multiplexer 16, the CPU 25 returns the process to step S112, 
to perform processing for unprocessed signals. 

[0056] When acquisition of the A/D conversion results of 
all (M) signals output by the multiplexer 16 has been 
completed (step S114: Yes), the CPU 25 returns the sample 
holding signal to the level “H” (step S115). Further, the CPU 
25 calculates position data DTO at the time When the value 
of the timer 26 is TMSET, from the obtained M data and the 
value of the multi-turn counter, and stores the data (step 
S116). Then, the CPU 25 completes the ?rst branching 
processing, and starts other softWare processing. 

[0057] For example, When the request signal is received at 
time tb, the CPU 25 starts the ?rst branching processing at 
time to (tb+TMSET). That is to say, as schematically shoWn 
in FIGS. 3(C) and (D), the CPU 25 designates the sample 
holding signal as “L” at time to, as Well as starting control 
of the multiplexer 16 and the A/D converter 17 to thereby 
obtain M data. The CPU 25 then returns the sample holding 
signal to the level “H”, and calculates the position data DTO 
at time to. Then, the CPU 25 completes the ?rst branching 
processing and starts other processing. 

[0058] Next, operation of the CPU 25 at the time of the 
second branching processing Will be described While refer 
ring to FIG. 2. 

[0059] When reception of the request signal is detected, 
the CPU 25 starts the second branching processing (step 
S120), reads the value of the timer 26 at that point of time, 
and stores the value as TMO (step S121). The CPU 25 then 
clears the timer 26 to be 0 (step S122). 
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[0060] Then, the CPU 25 calculates the correction amount 
Which is a value that the transmission position data SDO can 
be obtained by adding it to the position data DTO (step 
S123). Speci?cally, the correction DTD is calculated from 
the transmission position data SD_1 calculated last time, the 
transmission position data SD_2 calculated last but one, the 
timer value TM_1 read at the time of executing the last 
second branching processing, the timer value TMO, read this 
time, and TMSET by using the folloWing expression: 

[0061] Here, the reason Why the correction amount (dif 
ference betWeen SDO and DTO) is calculated using the above 
expression Will be described With reference to FIG. 3. 

[0062] The transmission position data SDO to be transmit 
ted as a response to the request signal received at time td is 
data that can be obtained by adding the variation of the 
position betWeen time t0 and td to the position data DTO. The 
variation (that is, the correction amount DTD) can be 
expressed by the folloWing expression, if the change rate of 
the position (variation per unit time) betWeen time t0 and td 
is assumed to be V: 

[0063] Here, since tC=tb+TMSET, and td=tc+TMO, td—tc= 
TMO —TMSET is ful?lled. Also, since V can be assumed to be 
equal to the velocity betWeen time to and td, an expression of 
V=(SD_1—SD2)/TM_1 can be set up, and after all, DTD can 
be calculated from TMO, TMSET, SD_1, SD_2 and TM_1 by 
the above-described expression. 

[0064] Operation of the CPU 25 after calculation of the 
correction amount DTD Will be described While referring to 
FIG. 2. 

[0065] After calculation of the correction amount DTD, 
the CPU 25 adds the calculated DTD to the position data 
DT0 calculated at the time of the ?rst branching processing 
to prepare the transmission position data SDO (step S124). In 
this step, the CPU 25 also executes the processing for 
designating the data heretofore stored as transmission posi 
tion data SD_1 and transmission position data SDO, as 
transmission position data SD_2 and transmission position 
data SD_1, respectively. 

[0066] The CPU 25 then supplies the prepared transmis 
sion position data SDO to the serial signal conversion circuit 
19, to thereby transmit a position signal in a conventional 
format holding the transmission position data SDO (see FIG. 
12) to the serial signal transmission circuit 20 (step S125), 
and hence completes the second branching processing. 

[0067] As described above, With the position detection 
apparatus 10 according to the ?rst embodiment, the recep 
tion interval (TMO) of the request signal is measured, and the 
transmission position data SDO is calculated from the posi 
tion data DTO, using the measured reception interval. 
Accordingly, even if the position detection apparatus 10 is 
connected to other motor controllers having different request 
signal period, the position detection apparatus 10 can output 
accurate position data. In other Words, the position detection 
apparatus 10 according to this invention can output the exact 
position of the slit disc 13 at a required frequency (provided 
that there is an upper limit in the frequency). As a result, use 
of the position detection apparatus 10 enables more appro 
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priate control of the motor Which changes the position (angle 
of rotation) of the slit disc 13. 

[0068] The position detection apparatus 10 is constructed 
so as to calculate DTD, using (SD_1—SD_2)/TM_1 as the 
change rate V. HoWever, instead of (SD_1—SD2)/T M_1, 
(DT0—DT_1)/T M_1 (DT_1 is position data calculated in the 
last ?rst branching processing) or (DTO—SD_1)/TMSET may 
be used. That is to say, the position detection apparatus 10 
may be modi?ed so that DTD is calculated using the change 
rate betWeen time ta+TMSET and time tc(=tb+TMSET=ta+ 
TM_1+TMSET), or the change rate betWeen time tb and time 
to (=tb+TMSET)' 
[0069] The hardWare construction of the position detec 
tion apparatus according to the second embodiment of the 
present invention is the same as that of the position detection 
apparatus 10 according to the ?rst embodiment, and hence 
FIG. 1 is used as a ?gure shoWing the construction thereof. 

[0070] The position detection apparatus according to the 
second embodiment is connected for use to a motor con 

troller 32 Which transmits the request signal in a period IRQ‘ 
and Which can receive the position data even When the 
request signal is not transmitted. Moreover, the CPU 25 in 
the position detection apparatus is provided With TMSET and 
TMLMT (>TMSET) Whose value coincides With IRQ/N (N is 
an integer equal to or larger than 2), before starting to use the 
position detection apparatus. 

[0071] Then, While the position detection apparatus is 
being used, the CPU 25 executes any one of the ?rst 
branching processing (step S210), the second branching 
processing (step S220) and other softWare processing (step 
S230), as shoWn in FIG. 4. 

[0072] That is to say, When the value of a timer 26 
becomes TMSET, the CPU 25 suspends other softWare 
processing (step S230) that has been active, and executes the 
?rst branching processing (step S210). Moreover, When the 
request signal from the motor controller 32 is received, and 
When the value of the timer 26 becomes TMLMT, the CPU 
25 executes the second branching processing. 

[0073] As shoWn in the ?gure, at the time of starting the 
?rst branching processing, the CPU 25 ?rst designates the 
sample holding signal as “L”, to thereby have a sample 
holding section 15 hold M signals from an ampli?er 14 (step 
S211). That is to say, the CPU 25 ?xes the signal input to a 
multiplexer 16 to a signal representing the condition of a 
scale disc 13 When the value of the timer 26 becomes 

TMSET' 

[0074] Thereafter, the CPU 25 supplies a predetermined 
selection signal to the multiplexer 16 so that one of M 
signals input to the multiplexer 16 is supplied to an A/D 
converter 17 (step S212). Then, the CPU 25 operates the 
A/D converter 17, and as a result, the data output from the 
A/D converter 17 is stored (step S213). If there remain 
signals Which have not been subjected to the processing in 
steps S212 and 313 (step S214: No), the process returns to 
step S212, to perform processing for unprocessed signals. 
When processing With respect to the Whole (M) signals has 
been completed (step S214: Yes), the CPU 25 returns the 
sample holding signal to the level “H” (step S215), and 
calculates position data DTO When the value of the timer 26 
is TMSET from the obtained M data (step S216). 
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[0075] Then, the CPU 25 calculates the correction amount 
DTD With respect to the position data DTO (step S227). 
Speci?cally, in this step S227, the CPU 25 calculates the 
correction amount DTD from the transmission position data 
SD_1 transmitted last time, the transmission position data 
SD’2 transmitted last but one, TMLMT and TMSET. by using 
the following expression: 

[0076] Then, the CPU 25 adds the calculated DTD to the 
position data DTO to prepare the transmission position data 
SDO this time (step S228). The CPU 25 then completes the 
?rst branching processing and starts the other softWare 
processing (step S230). 
[0077] When the request signal is received, or When the 
value of the timer 26 becomes TMLMT, the CPU 25 starts the 
second branching processing (step S220), and ?rst clears the 
timer 26 to be 0 (step S221). 

[0078] If the reason Why the second branching processing 
is started is reception of the request signal (step S222: Yes), 
the CPU designates the periodic number as “0” (step S223). 
On the other hand, if the reason is coincidence of the value 
of the timer 26 With TMLMT (step S222: No), the CPU 
increments the periodic number by “1” (step S224). 

[0079] Thereafter, the CPU 25 prepares transmission data 
including the transmission position data and the periodic 
number (step S225). Then, the CPU 25 transmits a position 
signal holding the transmission data by means of a serial 
signal transmission circuit 20, utiliZing a serial signal con 
version circuit 19 or the like (step S226). That is to say, the 
position signal including a periodic number that takes a 
value of from 0 to N-l (N=IRQ/TMLMT), Which is the 
information representing the number of position signals 
transmitted after reception of the request signal is transmit 
ted, so that processing With respect to the position signal can 
be easily performed on the motor controller 32 side. Then, 
the second branching processing is completed. The opera 
tion of the position detection apparatus according to the 
second embodiment Will noW be described more speci?cally 
With reference to FIG. 5. A case such that N=2 (the case 
Where IRQ=2><TMRQ) Will be taken as an eXample. 

[0080] As is obvious from the above description, When 
detecting reception of the request signal (at the time of the 
second branching processing), the CPU 25 clears the timer 
26 to be 0. Then, the CPU 25 starts the ?rst branching 
processing When the value of the timer 26 becomes TMSET. 

[0081] Therefore, When the request signal is received at 
time ta, since the timer is cleared to be 0 at time ta, it means 
that the CPU 25 starts the ?rst branching processing at time 
tb(=ta+TMSET)' 
[0082] At the time of the ?rst branching processing, the 
CPU 25 designates the sample holding signal as “L”, as Well 
as performing control of the multiplexer 16, the A/D con 
verter 17 or the like, to thereby obtain M data. The CPU 25 
then returns the sample holding signal to the level “H”, and 
calculates the position data DTO representing the position at 
time tb from the obtained M data. Moreover, the CPU 25 
determines the estimated value of the variation of the 
position from time tb to time to (that is, correction amount 
DTD), and adds the estimated value to the position data DT, 
to thereby obtain transmission position data SDO represent 
ing the position of the slit disc 113 at time tc. 
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[0083] In this case, after that, the value of the timer 26 
becomes TMLMT before the neXt request signal is received. 
Therefore, the CPU 25 increments the periodic number by 
“1”, after having cleared the timer 26 to 0. As a result, the 
periodic number becomes “1” Which shoWs that the trans 
mission position data is the ?rst data not depending on the 
reception of the request signal, and the CPU 25 prepares the 
transmission data including the periodic number and the 
transmission position data. By supplying the transmission 
data to the serial signal conversion circuit 19, the CPU 25 
transmits a position signal holding the transmission data by 
means of the serial signal transmission circuit 20. 

[0084] On the other hand, the motor controller can recog 
niZe that the transmitted position data is data obtained at 
Which time, from the periodic number included in the 
received position signal. 

[0085] Thereafter, since the value of the timer 26 becomes 
TMSET at time td(=tc+TMSET=ta+TMLMT+TMSET), the CPU 
25 restarts the ?rst branching processing to thereby obtain 
neW transmission position data SDO. 

[0086] Thereafter, at time te, since the request signal is 
received, the CPU 25 clears the timer 26 to 0 and designates 
the periodic number as “0”. Then, the CPU 25 prepares the 
transmission data including the periodic number shoWing 
that the transmission position data is data depending on the 
reception of the request signal, and supplies the transmission 
data to the serial signal conversion circuit 19, to thereby 
transmit a position signal according to the transmission data 
by means of the serial signal transmission circuit 20. 

[0087] As described above, the position detection appara 
tus according to the second embodiment performs calcula 
tion and transmission of the position data at a period TMSET 
given in advance, Which is synchroniZed With a reception 
period of the request signal. Therefore, if the position 
detection apparatus according to the second embodiment is 
combined With a motor controller Which transmits only a 
request signal having accurate period time-controlled by the 
hardWare, adverse effect on the motor control due to a 
difference in the transmission (reception) interval of the 
request signal can be minimiZed. 

[0088] The position detection apparatus according to the 
second embodiment transmits a position signal including a 
periodic number shoWing Which period the position data is 
in since the reception of the request signal. This is for not 
increasing the processing load on the motor controller side, 
hence it is also possible to construct the position detection 
apparatus so as to transmit a signal Without having a periodic 
signal. 
[0089] The hardWare construction of the position detec 
tion apparatus according to the third embodiment of the 
present invention is the same as that of the position detection 
apparatus 10 according to the ?rst embodiment. HoWever, 
the CPU 25 in the position detection apparatus is pro 
grammed so as to operate differently from the CPU 25 in the 
position detection apparatus according to the ?rst embodi 
ment. Also, the CPU 25 is provided With TMSET and TMLMT 
(>TMSET) Whose value coincides With the request signal 
period, before starting to use the position detection appara 
tus. TMSET and TMLMT are also supplied to a timer 26, and 
When the value thereof becomes TMSET, the timer 26 
informs the CPU 25 of the matter, and When the value 
thereof becomes TMLMT, the timer 26 clears itself to be 0. 












