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METHOD FOR OPERATING A POSITION 
MEASURING SYSTEM AND POSITION 

MEASURING SYSTEM FOR THE PURPOSE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
operating a position measuring system and to a suitable 
position measuring system for that purpose. 

BACKGROUND OF THE INVENTION 

[0002] Position measuring systems for determining the 
relative and absolute positions of tWo parts that are movable 
relative to one another are knoWn. These systems include a 
scale having an incremental graduation as Well as one or 
more reference marks for determining the absolute posi 
tional relationship betWeen the tWo parts. Until the ?rst or 
second time a reference mark is scanned, incremental scan 
ning signals are generated by a scanning unit of the position 
measuring system as it scans the incremental graduation of 
the scale and are delivered to a counter unit. From the 
counter unit, incremental position data are transmitted in 
serial form to an evaluation unit located doWnstream. Thus, 
at de?ned sampling times, the current counter value of the 
counter unit is determined by the position measuring system, 
and the incremental position data are transmitted in the form 
of a code Word to the evaluation unit. As soon as the 
reference marks on the scale are scanned by the scanning 
unit for the ?rst or second time, the eXact absolute position 
of the tWo parts is knoWn. After that it is possible to transmit 
absolute position data or absolute position signals to the 
evaluation unit in the form of code Words at the predeter 
mined sampling times. The absolute relationship can be 
established by a single reference mark With a knoWn posi 
tion, or by a plurality of so-called spacing-encoded reference 
marks. 

[0003] A problem With these systems arises, hoWever, if 
the transmitted serial position data are then needed by the 
evaluation unit for the purpose of speed control. The prob 
lem arises With regard to determining the eXact speed at the 
transition from incremental to absolute position measure 
ment. In particular, the ?rst time absolute position data are 
transmitted in the form of a code Word that indicates the 
eXact absolute position, a correct determination of the rela 
tive speed of the tWo parts in the preceding interval. 

SUMMARY OF THE INVENTION 

[0004] An object of the present invention is to disclose a 
method for operating a position measuring system and a 
suitable position measuring system With Which position data 
can be transmitted in serial form to a doWnstream evaluation 
unit. In addition, it is an object of the present invention to 
assure that a correct determination of the relative speed of 
the tWo movable parts is possible. 

[0005] Because a differential position value is formed 
according to the invention after the absolute relationship is 
established, it is assured that at this moment as Well, an 
unequivocal determination of the relative speed of the tWo 
movable parts is possible. This assures precise speed control 
by the evaluation unit. 

[0006] Regarding the formation of the differential position 
value, there are various possibilities, for eXample, the dif 
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ferential position value may already be formed by the 
position measuring system and transmitted together With the 
absolute position data transmitted for the ?rst time. 

[0007] Alternatively, it is also possible to transmit both the 
incremental position data and the absolute position data to 
the evaluation unit after the absolute relationship is estab 
lished and for the formation of the differential position value 
to take place ?rst in the evaluation unit. 

[0008] It is understood that the present invention can be 
used in conjunction With various position measuring sys 
tems. For example, various physical scanning principles can 
be employed, such as optical, magnetic, inductive, or capaci 
tive. Both rotary position measuring systems and linear 
position measuring systems can also be designed in accor 
dance With the present invention. 

[0009] Further advantages and details of the present inven 
tion Will become apparent from the folloWing detailed 
description of preferred embodiments in conjunction With 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWING 

[0010] FIG. 1 is a schematic block diagram of a position 
measuring system according to a ?rst preferred embodiment 
of the present invention in combination With an evaluation 
unit. 

[0011] FIG. 2 illustrates a scale, a graph of position versus 
time and a graph of an identi?cation signal (IS) versus time 
according to a ?rst preferred embodiment of the present 
invention. 

[0012] FIG. 3 illustrates a scale, a graph of position versus 
time and a graph of an identi?cation signal (IS) versus time 
according to a second preferred embodiment of the present 
invention. 

[0013] FIG. 4 illustrates a scale, a graph of position versus 
time and a graph of an identi?cation signal (IS) versus time 
according to a third preferred embodiment of the present 
invention. 

[0014] FIG. 5 illustrates a scale, a graph of position versus 
time and a graph of an identi?cation signal (IS) versus time 
according to a fourth preferred embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] FIG. 1 is a schematic block diagram of a position 
measuring system according to a ?rst preferred embodiment 
of the present invention in combination With an evaluation 
unit 5. 

[0016] In the position measuring system 10, incremental 
signals A, B that are phase-offset by 90° With respect to one 
another are generated in a knoWn manner Which need not be 
described herein. This can be done by optically scanning an 
incremental graduation With the aid of a scanning unit Where 
the incremental graduation is disposed on a scale that is 
movable relative to the scanner unit. A reference signal R is 
also generated at one or more de?ned relative positions of 
the scale and the scanner unit in order to establish an 
absolute relationship of the relative and incremental mea 
surement. To that end, a reference mark line With one or 
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more reference marks can be mounted at de?ned absolute 
positions on the scale laterally adjacent to an incremental 
graduation line, for example. 

[0017] The incremental signals A, B are delivered to the 
?rst and second counter unit 1, 2, Where in each case in a 
knoWn manner the incremental signals A, B are accumu 
lated. The respective counter states of the tWo counter units 
1, 2 are sent doWnstream to the signal processing unit 3. In 
the signal processing unit 3, the processing of the various 
signals is done, in a manner to be described in further detail 
beloW, using the method of the present invention. 

[0018] The reference signal R is delivered to both the 
second counter unit 2 and the signal processing unit 3. With 
regard to the processing according to the invention of the 
reference signal R and the tWo incremental signals A, B, 
reference is made to the description beloW of preferred 
embodiments of the method of the invention made in 
conjunction With FIGS. 2-5. 

[0019] A signal preparation unit 4, located doWnstream of 
the signal processing unit 3, alloWs the position-related data 
to be ?nally transmitted to the evaluation unit 5. The 
position-related data are prepared in such a Way that a 
transmission of various data in serial form, such as in the 
form of suitable code Words, is possible. 

[0020] The position measuring system 10 can be used With 
a numerically controlled machine tool, for eXample, in 
Which case the doWnstream evaluation unit 5 Would corre 
spond to the machine tool control. 

[0021] The position measuring system 10 includes a ?rst 
and a second counter unit 1, 2 respectively. Located doWn 
stream of the ?rst and second counter units 1, 2 is a signal 
processing unit 3 and a signal preparation unit 4. 

[0022] It Will also be noted that the block diagram shoWn 
in FIG. 1 is to be understood solely as a schematic. Thus, the 
present invention can be used With both linear and rotary 
position measuring systems. In addition, it is understood that 
the provisions of the invention can also be used in conjunc 
tion With other physical scanning principles, such as mag 
netic, capacitive or inductive position measuring systems. It 
is also understood that various further possibilities eXist With 
regard to generating the reference signals and disposing the 
signal-processing components in the position measuring 
system, Within the conteXt of the present invention. 

[0023] In conjunction With FIG. 2, the method of the 
invention according to a ?rst preferred embodiment includ 
ing the associated apparatus Will be described beloW. ShoWn 
in FIG. 2 is a scale 20 Which is scanned by a scanning unit 
(not shoWn) and a graph of position versus time and a graph 
pertaining to a transmitted identi?cation signal IS. 

[0024] In this preferred embodiment, the scale 20 includes 
an incremental graduation line 21 and a reference mark line 
22 laterally adjacent to the incremental graduation line 21. 
In this preferred embodiment there is only a single reference 
mark 22.1. By this reference mark 22.1, a de?ned absolute 
position can be determined betWeen the scale 20 and the 
scanning unit. The position and time graph of FIG. 2 shoWs 
hoW at the start of measurement, after the supply voltage has 
been turned on at time to, the relative position Xrel of the tWo 
parts movable relative to one another is ?rst determined by 
an incremental measurement. At this point the incremental 
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signals A, B do not enable any de?ned knoWledge of the 
eXact absolute position of the scale 20 and scanning unit. 
During this time, incremental signals A, B are delivered to 
the ?rst counter unit 1 (FIG. 1), Whose counter state 
corresponds to the respective incremental position data xrel. 
The counter state With the relative position data xrel, or the 
incremental position data, is transmitted to the evaluation 
unit 5 after suitable processing and preparation, in serial 
form, as a code Word Xre1(tn) or data Word, at predetermined 
sampling times tn (Where n=1, 2, 3,). Although, in terms of 
evaluation, the eXact position of the scale 20 and scanning 
unit is not yet possible during this phase, still With the aid of 
the transmitted incremental position data or the counter 
values With regard to the relative positions XIe1(tn), at least 
the speed of a drive mechanism that effects the relative 
motion of the scale and scanning unit can be ascertained. To 
that end, in the evaluation unit, the relative speed (v) of the 
parts movable relative to one another can be determined 
using equation 1 beloW: 

(Equation 1) 

Where 

[0026] v=relative speed of the tWo parts; 

[0027] Xrel (tn)=transmitted incremental position data 
at the sampling time tn; 

[0028] Xrel (tn_1)=transmitted incremental position 
data at the sampling time tn_1; 

[0029] and 

[0030] ATA=length of the sampling interval 

[0031] In this preferred embodiment, the reference mark 
22.1 on the scale 20 is scanned betWeen the tWo sampling 
times t3 and t4, and more particularly at time tR in this 
eXample. A corresponding reference signal R is generated 
and detected in a knoWn manner. From this time tR on, the 
absolute position Xabs of the tWo parts is knoWn exactly. In 
the folloWing measurement phase, the incremental measure 
ment signals generated can be referred to the noW-knoWn 
absolute position xabs. 

[0032] As soon as the reference signal R is detected at time 
tR, the second counter unit 2 is set to the position value Xabs 
(tR)=0, and then measurement continues incrementally 
beginning at the set counter value Xabs (tR)=0. The reference 
signal R is delivered to both the second counter unit 2 and 
the signal processing unit 3. 

[0033] It is also to be understood that the counter value 
Xabs of the second counter unit can be set at time tR to some 
other de?ned absolute position value Xabs (tR) other than 
Zero. 

[0034] At the sampling time t4, for the ?rst time correct 
absolute position data can be transmitted in the form of the 
counter value Xabs (t4) to the evaluation unit. These absolute 
position data in turn correspond to a knoWn counter state of 
the second counter unit 2, Which is transmitted, prepared in 
suitable form as a data Word in the dual code or as a code 

Word, to the evaluation unit 5. 

[0035] In the ?rst measurement phase, until the reference 
mark 22.1 is scanned, an identi?cation signal IS is trans 
mitted to the evaluation unit 5, along With the serially 
transmitted incremental position data Xm1(tn). The evaluation 
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unit knows that an exact absolute relationship has not yet 
been established in the measurement based on the value of 
the identi?cation signal, and at the present time the relative 
position data are being transmitted Without an absolute 
relationship. In the preferred embodiment shoWn, the iden 
ti?cation signal IS comprises one bit, Which is serially 
transmitted in conjunction With the code Word and is set, in 
this measurement phase, to “0”. After the absolute relation 
ship has been made by scanning the reference mark 22.1, 
this bit of the individual signal IS is then set to “1” and again 
transmitted serially to the evaluation unit in conjunction 
With the code Word With respect to the then-knoWn absolute 
position Xabs at the sampling times tn (Where n>3). In this 
Way, it is assured that the current type of position measure 
ment is alWays knoWn by the evaluation unit. 

[0036] In order to assure that a correct speed or rpm 
governing on the basis of the data transmitted to the evalu 
ation unit is possible at every sampling time tn, the differ 
ential position value AX betWeen the last relative position 
value Xre1(tR) and the ?rst knoWn absolute position value 
XabS(IR) is determined in the position measuring system by 
the signal processing unit 3. The ascertained differential 
position value AX=Xre1(IR)—XabS(IR) is transmitted to the 
evaluation unit at the neXt sampling time t4, along With the 
code Word With respect to the absolute position and the 
identi?cation signal IS. In the evaluation unit 5, With the aid 
of the differential position value AX, it is thus also possible 
to determine the relative speed of the tWo parts movable 
relative to one another correctly in the preceding sampling 
interval AtR betWeen the sampling times t3 and t4. This can 
be determined by using the beloW equation: 

[0038] v=relative speed of the tWo parts; 

(Equation 2) 

in Which, as above: 

[0039] xabs(tn)=transmitted incremental position data 
at the sampling time t3; 

[0040] (xabs(t4)=transmitted 
data at the sampling time t4; 

[0041] and 

[0042] ATAz=length of the sampling interval. 

[0043] In the sampling interval ATR before the ?rst time 
the absolute position signal is transmitted, the correct speed 
v of the tWo parts movable relative to one another can thus 
also be determined in the evaluation unit. This assures 
high-precision speed control at every moment, especially 
When the absolute relationship is established. 

incremental position 

[0044] The processing of the various counter states, estab 
lishment of the absolute relationship, calculation of the 
differential position value, sWitchover of the identi?cation 
signal, etc., described above are done here With the aid of the 
signal processing unit of the position measuring system. 
This can be embodied by hardWare or softWare as suitable. 

[0045] Asecond preferred embodiment of the method and 
position measuring system according to the invention Will be 
described beloW in conjunction With FIG. 3. Once again, a 
position versus time graph is shoWn, With a scale 30 and a 
graph relating to the identi?cation signal IS transmitted. 
Also, an aXis With absolute positions Xabs in arbitrary units 
is shoWn beloW the scale 30. Unlike the embodiment above 

Jan. 3, 2002 

With reference to FIG. 2, the reference mark line 32 includes 
so-called spacing-encoded reference marks 32.1 through 
32.8, for making the absolute relationship. In order to 
establish the desired absolute relationship in the position 
measurement, it is necessary that at least tWo reference 
marks 32.1 through 32.8 be scanned, Whose spacing dnrn to 
one another is determined by an incremental measurement. 

[0046] In the eXample shoWn, after the current supply is 
turned on at time to, ?rst, as in the embodiment described 
above, the relative position Xrel of the tWo parts is deter 
mined by scanning the incremental graduation line 31. The 
incremental signals A, B are again delivered to the ?rst 
counter unit Which adds up the counter values in the form of 
the relative positions from Xm1=0, beginning in this mea 
surement phase. The counter values Xre1(tn) of the ?rst 
counter unit relating to the relative position of the scale 30 
and the scanning unit are again transmitted in the form of 
incremental position data in serial form as a data Word, 
encoded, to the evaluation unit at the sampling times tn(n=1, 
2, 3, . . . 

[0047] BetWeen the sampling times t1, and t2, a reference 
mark 32.4 is scanned for the ?rst time; the same is true for 
a second reference mark 32.5 betWeen the sampling times t3 
and t4; the spacing d45=10.04 located betWeen these refer 
ence marks is determined by the incremental measurement. 
From the knoWn spacing d45 betWeen the tWo scanned 
reference marks 32.4 and 32.5, the eXact absolute position 
XabS(IR)=30 of the scale 30 With respect to the scanning unit 
(not shoWn) is knoWn at time tR. Thus from the sampling 
time t4 on, the exact absolute position xabs(t4) between the 
tWo movable parts can thus be transmitted to the evaluation 
unit at the sampling times tn (Where n24). When the second 
reference mark 32.5 is scanned, the second counter unit is set 
to the correct absolute position xabs=30, and after that the 
counter state of the second counter unit is updated by the 
incremental measurement. 

[0048] In order noW to enable a correct speed determina 
tion in the evaluation unit and correspondingly speed control 
at any time, When the reference mark 32.5 is scanned at time 
tR, the differential position value AX betWeen the last relative 
position value XIe1(tR) of the ?rst counter unit and the ?rst 
knoWn absolute position value XabS(t1Q of the second counter 
unit is determined in the position measuring system. The 
differential position value AX=Xre1(IR)—XabS(I1Q ascertained is 
also transmitted to the evaluation unit at the neXt sampling 
time t4, along With the code Word relating to the absolute 
position Xabs t4 and an identi?cation signal IS. With respect 
to the identi?cation signal IS, reference is also made to the 
?rst preferred embodiment described above. 

[0049] In the evaluation unit, With the aid of the differen 
tial position value AX, it is thus also possible for the relative 
speed of the tWo parts to be determined correctly in the 
preceding sampling interval ATR betWeen the sampling 
times t3, t4, for eXample by Equation (2) described above. At 
the moment the absolute relationship is established as Well, 
eXact speed or rpm governing is thus also possible. 

[0050] The various components in the position measuring 
system shoWn in the draWing perform fundamentally similar 
tasks in the second preferred embodiment to those in the ?rst 
preferred embodiment described. 

[0051] In the tWo preferred embodiments described thus 
far, it Was provided in each case the differential position 
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value AX be determined in the position measuring system 
and transmitted to the doWnstream evaluation unit. To be 
described neXt are tWo further preferred embodiments of the 
invention in Which the formation of the differential position 
value AX is not done until the evaluation unit, on the basis 
of the transmitted data. 

[0052] FIG. 4 shoWs a position versus time graph, a scale 
40, and a graph relating to the transmitted identi?cation 
signal IS. An aXis With the absolute positions Xabs in arbitrary 
units is also shoWn beloW the scale 40. Only the decisive 
differences in this embodiment compared With the eXample 
in FIG. 2 Will be addressed beloW; otherWise, reference can 
be made to the description and reference numerals pertain 
ing to FIG. 2. 

[0053] Unlike the preferred embodiment of FIG. 2, it is 
noW provided that incremental position data Xre1(tn) be 
transmitted along With, or in addition to, the absolute 
position data xabs(tn) on reaching the reference mark 42.1. 
This is done by the serial transmission of the corresponding 
counter states of the tWo counter units Within the frameWork 
of the transmission protocol intended. The formation of the 
differential position value AX, Which is required for precise 
speed control, is done on the basis of the transmitted position 
data or counter states in the evaluation unit. The differential 
position value AX is formed in the evaluation unit in the 
same Way as in the previous examples above. 

[0054] A similar procedure is contemplated in a fourth 
preferred embodiment as Well, Which Will be brie?y 
described in conjunction With FIG. 5. This embodiment is 
similar to the embodiment shoWn in FIG. 3, With spacing 
encoded reference marks. Accordingly, only the differences 
from the embodiment already described Will be addressed. 

[0055] As in the embodiment of FIG. 4, it is contemplated 
that after the absolute relationship is established, that is, the 
scanning of the second reference mark 52.4 at time tR, along 
With the absolute position data xabs(tn) the incremental 
position data xabs(tn) be transmitted to the evaluation unit. 
Once again, this is done by correspondingly transmitting the 
respective counter states of the tWo counter units in serial 
form at the sampling times tn. As eXplained above, the 
differential position value AX is accordingly not formed until 
the evaluation unit, on the basis of the transmitted data 
relating to the relative and absolute positions. 

[0056] In addition to the preferred embodiments 
described, it is understood that various other possibilities for 
suitable modi?cation of the methods of the invention also 
exist. 

1. A method for operating a position measuring system, 
the method comprising the steps of: 

(a) generating incremental signals relating to the relative 
position of tWo parts movable relative to one another 
With the position measuring system; 

(b) calculating incremental position data (XIe1(tn)) from 
the incremental signals; 

(c) transmitting the incremental position data (Xre1(tn) to 
an evaluation unit; 
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(d) after a de?ned, absolute position of the tWo parts 
movable relative to one another is determined, calcu 
lating absolute position data (xabs(tn)) and transmitting 
the absolute position data to the evaluation unit; and 

(e) after the absolute position is determined, calculating a 
differential position value (AX), Which indicates the 
difference betWeen the most recently determined incre 
mental position data (Xre1(tn)) and the absolute position 
data (xabs(tn)) determined for the ?rst time. 

2. A method according to claim 1 Wherein the step (c) 
further comprises the step of transmitting incremental posi 
tion data (xabs(tn)) in serial form at predetermined sampling 
times (tn). 

3. A method according to claim 1 Wherein the step (d) 
further comprises the step of transmitting absolute position 
data (xabs(tn)) in serial form at predetermined sampling 
times (tn). 

4. The method of claim 1, Wherein step (e) is performed 
by the position measuring system, and further comprising 
the step of transmitting the differential position value (AX) to 
the evaluation unit. 

5. The method of claim 4, Wherein step (b) is performed 
by a ?rst counter unit located in the position measuring 
system and the step (d) of calculating the absolute position 
data (xabs(tn)) is performed by a second counter unit located 
in the position measuring system, the method further com 
prising the step of transmitting the difference betWeen the 
tWo counter unit states When the ?rst time the absolute 
position data (xabs(tn)) is transmitted as a differential posi 
tion value (AX) to the evaluation unit. 

6. The method of claim 1, Wherein the calculating step (b) 
and transmitting step (c) of the incremental position data 
(XIe1(tn)) to the evaluation unit only occurs before the abso 
lute position of the parts is determined in step 

7. The method of claim 1 Wherein step (d) of determining 
the absolute position of the tWo parts includes the step of 
scanning a reference mark or a scale for the ?rst time. 

8. The method of claim 1, further comprising the step of 
transmitting one unequivocal identi?cation signal (IS) to 
identify Whether an incremental position data (XIe1(tn)) or an 
absolute position data(xabs(tn)) has been transmitted to the 
evaluation unit. 

9. The method of claim 8, Wherein the transmitted iden 
ti?cation signal (IS) can assume tWo possible logical states, 
Which are unequivocally associated With the transmission of 
either the incremental position data (XIe1(tn)) or the absolute 
position data (xabs(tn)). 

10. The method of claim 1, Wherein after the absolute 
position is determined, both incremental position data 
(Xre1(tn)) and absolute position data (xabs(tn)) are transmitted 
by the position measuring system to the evaluation unit. 

11. The method of claim 10 Wherein step (e) is performed 
by the evaluation unit using the transmitted incremental 
position data (XIe1(tn)) and the transmitted absolute data 
(Xabs(tn)) 

12. The method of claim 1, further comprising the step of 
calculating relative speed betWeen the parts movable relative 
to one another in an sampling interval that precedes the 
transmission for the ?rst time of absolute position data 
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13. A position measuring system for determining the 
relative position of tWo parts movable relative to one 
another, the system comprising: 

a ?rst counter unit Which receives signals generated by a 
scanning unit scanning an incremental graduation 
located on a scale and calculates incremental position 
data (xrel(tn)) at its output; and 

a second counter unit Which receives signals generated by 
the scanning unit scanning the incremental graduation 
located on the scale and scanning a reference mark 
located on the scale and calculates absolute data (Xabs 
(tn)) from these received signals and outputs the abso 
lute potion data (xabs(tn)) at its output. 

14. The position measuring system of claim 13, Wherein 
the ?rst and second counter units are coupled to a signal 
processing unit located doWnstream Wherein the signal 
processing unit assures that the ?rst time absolute position 
data (xabs(tn)) are transmitted, a differential position value 
(AX) that indicates the difference betWeen the most recently 
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determined incremental position data and the absolute posi 
tion data determined for the ?rst time can be transmitted to 
an evaluation unit located doWnstream of the position mea 
suring system. 

15. The position measuring system of claim 13 Wherein, 
an associated identi?cation signal (IS) is transmitted With 
the incremental position data (xrel(tn)) and the absolute 
position data (xabs(tn) to an evaluation unit located doWn 
stream of the position measuring system as Well as an 
evaluation unit. 

16. The position measuring system of claim 13, Wherein 
the reference mark is disposed at a de?ned absolute position 
on the scale of the position measuring system. 

17. The position measuring system of claim 13, Wherein 
at least tWo reference marks are disposed on the scale of the 
position measuring system, With an unequivocally de?ned 
spacing from one another. 


