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SENSORS

The following commands were changed.

SNSDEF
added format7  BUILD


Changed output formats for all 6 formats

SENSOR
new major word
GROUP
new major word
· pt/line/area scanners

· multitip probes

WRIST

new major word
REFMNT
new major word

EXTENS
new major word

SNSGRP
new major word

SNSLCT
specify wrist angles

Tip numbers

Feature axes

Ijk, ang_tol
Sensor groups
CALIB
reworded notes

THLDEF
added wrists, extensions, SC(label)

SNSET
added MINCON,level to define minium confidence level for optical sensors

SCSNS
added to intrinsic functions

SNSMNT
updated wording and the offset.

VALUE
added sensor information


Commands:

CALIB

Function:
Used to calibrate a sensor element or rotary table prior to taking measurements.

Input Formats:


can be:
CALIB/var_1

Output Formats:


can be:
None

Where:


Var_1 can be:

or:
SENS,S(label1),var_2

RTAB,RT(label1),var_3



Var_2 can be:


or:


FA(label1) var_4

F(label1) var_4



Var_3 can be:

or:
FA(label2),n

FA(label2),FA(label3)



Var_4 can be:

or:

or:
,n
,‘text’

,’text’,n


SENS
signifies that a sensor is to be calibrated.

S(label1)
is the name of the sensor to be calibrated.

RTAB
signifies that a rotary table is to be calibrated.

RT(label1)
is the name of the rotary table to be calibrated.

F(label1)
is a previously defined feature of known dimensions or characteristics to be used for the calibration.

FA(label1)
is a previously measured feature of known dimensions or characteristics to be used for the calibration.

n
is the number of measurements to be taken for the calibration.

text
is the name of an algorithm or subroutine, resident to the DME that will be used for the calibration.

FA(label2)
is a previously measured or constructed feature, typically the center of rotation of the rotary table (center bung).

FA(label3)
is a previously measured or constructed feature. For example, in the case where var_3 is FA(label2), FA(label3): A ball can be mounted on the rotary table, and measurements taken to determine the ball's center in at least 3 different rotational positions. FA(label2) can be the center of the constructed circle that passes through the ball centers, and FA(label3) can be the constructed plane in which the ball centers lie.

Note 1:
The objective for the CALIB statement is to provide a means by which the location and orientation of sensors and rotary tables can be accurately established relative to the machine coordinates.

Note 2:
The location and orientation specified in the nominal definition for the feature to be used in calibration is irrelevant for manual calibration (Error! Reference source not found./MAN). They are significant, however, if calibration is to occur in automatic or programmed mode. In this case, they are positioned with respect to the active coordinate system. The size specified is the actual size, which is known prior to calibration.

Note 3:
When automatic mode is in effect, the calibration is done automatically using the DME's algorithms.

When program mode is in effect, the move and measure commands following the CALIB statement are used to measure the calibrating feature. The calibration sequence is terminated with an Error! Reference source not found..

When manual mode is in effect, and the number of points, n, to be used in the calibration has been specified, the calibration is complete when the operator has measured n points on the feature. When the number of points to be used in the calibration has not been specified, the DME specific algorithm determines when the calibration is complete.

EXTENS

Function:
Defines a sensor extension component.

Input Formats:


Can be:
SX(label)=EXTENS/var_1

var_1 can be:

          or:                         
dx,dy,dz

VEC,i,j,k,length

Output Formats:



None.

Where:


dx,dy,dx
defines the nominal offset from the mounting point for the extension to the mounting point for the subsequent sensor component.

VEC
Signifies that the extension is defined using a direction vector and a length along the vector.

i,j,k
Defines the direction perpendicular to the surface of the extension mounting point for the subsequent sensor component.

length
Signifies the length of the extension.

REFMNT

Function:
Defines the relationship of a reference mounting point to the last sensor for a sensor mount component. This function establishes a probe coordinate system for subsequent sensor components.

Input Formats:


can be:
RM(label)=REFMNT/XVEC,xi,xj,xk,ZVEC,zi,zj,zk,MNTLEN,dx,dy,dz

Output Formats:


can be:
None

Where:


XVEC
signifies that the specification of the x-axis of the reference mount coordinate system in the current probe coordinate sytem is to follow. 

xi,xj,xk
is the vector in the previous probe coordinate system along which the reference mount coordinate system x-axis is aligned.

ZVEC
signifies that the specification of the z-axis of the reference mount coordinate system in the current probe coordinate system is to follow. ..

zi,zj,zk
is the vector in the current probe coordinates along which the  sensor coordinate system Z axis is aligned.

MNTLEN
signifies the nominal distance in machine coordinates between the DME manufacturer's sensor reference point and the origin of the sensor coordinate system is to follow.

dx,dy,dz
is the distance in the current probe coordinates between the DME manufacturer's sensor reference point and the mount point on the last sensor component.

Note:
 NOTE TO DNSC: Figures will need to be re-worked!

SCSNS
Intrinsic

Function:
Used to implement numeric functions, character functions, and system functions.

Input Formats:


can be:
var_1

Output Formats:


can be:
None

Where:


var_1 can be:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:


ABS(x)

ACOS(x)

ASIN(x)

ATAN(x)

ATAN2(x,y)

BADGT()

BADPT()

CHR(x)

CONCAT(str var_3)

COS(x)

DBLE(x)

DTOR(x)

ELEMNT(x,char,str)

EOF(DID(label))

EOLN(DID(label))

EXP(x)

INDX(str,sstr)

INT(x)
or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:
LEN(str)

LN(x)

LOG(x)

MN(x var_2)

MOD(x,y)

MX(x var_2)

NINT(x)

ORD(x)

RL(x)

RTOD(x)

SCFEAT()

SCSNS()
SDATE()

SERROR()

SIGN(x,y)

SILTCH()

SIN(x)

SMODE()

SNOTCH()


or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:

or:
SQRT(x)

STIME()

STR(x)

SUBSTR(str,x,y)

TAN(x)

VAL(str)

VCART(x,y,z)

VCROSS(v1,v2)

VDOT(v1,v2)

VECX(v)

VECY(v)

VECZ(v)

VMAG(v)

VMCS(v)

VPCS(v)

VPOL(r,a,h)

VUNIT(v)



var_2 can be:

or:
,x var_2 

does not exist



var_3 can be:

or:
,str var_3 

does not exist



ABS(x)
signifies a mathematical function that returns the absolute value of  x. The result is INTGR, LONG, REAL or DOUBLE, depending on the  argument type.

ACOS(x)
signifies a mathematical function that returns the arccosine of x.  The result is expressed in radians. The result is a REAL or DOUBLE,  depending upon the argument type.

ASIN(x)

signifies a mathematical function that returns the arcsine of x. The result is expressed in radians. The result is a REAL or DOUBLE, depending upon the argument type.

ATAN(x)
signifies a mathematical function that returns the arctangent of x.  The result is expressed in radians. The result is a REAL or DOUBLE,  depending upon the argument type.

ATAN2(x,y)
signifies a mathematical function that returns the arctangent of x divided by y. The result is expressed in radians. The result is a REAL or DOUBLE, depending upon the argument type.

BADGT()
signifies a Boolean function that checks for an unexpected sensor collision.  The data type returned is a BOOL.

BADPT()
signifies a Boolean function that checks for a missed measurement point.  The data type returned is a BOOL.

CHR(x)
signifies a character function that returns a string of length one containing the ASCII character corresponding to the numeric value of x. Supports all ASCII characters 1-255.

CONCAT(str var_3)
signifies a character function that returns the concatenated string of two or more strings and/or sub-strings from left to right. The result is of variable type CHAR whose length is the sum of the lengths of the strings and/or sub-strings.

COS(x)
signifies a mathematical function that returns the cosine of x. The  argument is expressed in radians. The result is a REAL or DOUBLE, depending upon the argument type.

DBLE(x)
signifies a mathematical function that performs type conversion and  returns a DOUBLE result. The argument can be INTGR, LONG, or REAL

DTOR(x)
signifies a mathematical function that performs angular conversion  from degrees to radians.

ELEMNT(x,char,str)
signifies a character function that returns the x'th element of  string str delimited by character char. The data type returned is based upon the declaration.  char is either a text literal string containing a single character and delimited by apostrophes, or the label of a string variable of type CHAR containing a single character.

EOF(DID(label))
signifies a system function that returns .TRUE. if file is at the end of file (EOF).

EOLN(DID(label))
signifies a system function that returns .TRUE. if file is at the end of a line (EOLN).

EXP(x)
signifies a mathematical function that returns an exponential. The  result is REAL or DOUBLE depending on the argument type. The result  is e raised to the x power.

INDX(str,sstr)
signifies a character function that returns the location of a sub-string within a string.  Both arguments must be character string arguments.  If string sstr occurs as a sub-string within string str, the result is an INTGR indicating the starting position of the sub-string sstr within str.  If sstr does not occur as a sub-string within str, the result is 0.  If sstr occurs as a sub-string more than once within str, only the starting position of the first occurrence is returned.

INT(x)
signifies a mathematical function that performs type conversion to  INTGR. The result is an integer, and the argument can be REAL or  DOUBLE. Where x is a REAL or DOUBLE argument, a whole integer is  returned by truncating the fraction portion of the argument.

LEN(x)
signifies a character function that returns the length of a character string. The argument is a character string, and the result is an integer indicating the length of the string.

LN(x)
signifies a mathematical function that returns the natural logarithm of x. The result is REAL or DOUBLE depending on the argument type. The argument x is greater than 0.

LOG(x)
signifies a mathematical function that returns the common logarithm of x. The result is REAL or DOUBLE depending on the argument type. The argument x is greater than 0.

MN(x var_2)

signifies a mathematical function that returns the value of the smallest argument. The result in INTGR, LONG, REAL, or DOUBLE, dependent upon the type of arguments. A minimum of two arguments are required.

MOD(x,y)
signifies a mathematical function that returns the remainder of x divided by y. The result is the INTGR, LONG, REAL, or DOUBLE, dependent upon the argument type. The result is x- (INT(x/y)*y). If y equals 0, results are undefined.

MX(x var_2)

signifies a mathematical function that returns the value of the largest argument. The result is INTGR, LONG, REAL or DOUBLE, dependent upon the type of-arguments. A minimum of two arguments are required.

NINT(x)

signifies a mathematical function that performs type conversion by rounding to the nearest integer value. The result is INTGR, and the argument can be REAL, or DOUBLE.

ORD(x)
signifies a character function that returns the ordinal value of x. For a BOOL type argument, the result is 0 if x is .FALSE. and l if x is .TRUE.. For a CHAR type argument, the result returns the corresponding decimal ASCII character.

RL(x)
signifies a mathematical function that performs type conversion and returns a REAL result. The argument can be INTGR, LONG or DOUBLE.

RTOD(x)
signifies a mathematical function that performs angular conversion from radians to degrees.

SCFEAT()
signifies a system function that returns the label of the current feature being measured. If outside of a Error! Reference source not found.…Error! Reference source not found. block or RMEAS…Error! Reference source not found. block, a zero length string is returned. The data type is CHAR.

SCSNS()
signifies a system function that returns the label of the current selected sensor. The data type is CHAR,n; where n is the length of the label name and will be less than or equal to the maximum label name length..

SDATE()
signifies a system function that returns the system's current date in the form of 'yyyy/mm/dd', where yyyy is the year, mm is the number of the month, and dd is the day within the month. The value returned is of data type CHAR,10.

SERROR()
signifies a system function that returns the ercode when a DME error occurred. Can be 'ILTCH', 'NOTCH' or DME specific error code. The data type is CHAR. DME specific error codes are specified in the characterization file.

SIGN(x,y)
signifies a mathematical function that returns a value after a transfer of sign. The result is INTGR, LONG, REAL, or DOUBLE, depending on the argument type. The result is x if y is greater than or equal to 0. The  result is -x if y is less than 0.

SILTCH()
signifies a system function that returns the DME specific error code for an illegal touch. DME specific error codes are specified in the characterization file.

SIN(x)
signifies a mathematical function that returns the sine of x. The argument is expressed in radians. The result is a REAL or DOUBLE, depending upon the argument type.

SMODE()
signifies a system function that returns the current status of the Error! Reference source not found. Command. Values will be AUTO,PROG,MAN or AUTO,MAN or PROG,MAN or MAN. The data type is CHAR.

SNOTCH()
signifies a system function that returns the DME specific error code if no touch is detected . DME specific error codes are specified in the characterization file.

SQRT(x)
signifies a mathematical function that returns a principal square root. The result is REAL or DOUBLE depending on the argument type.

STIME()
signifies a system function that returns the current reading of the system clock in the form 'hh:mm:ss', where hh is hours from 0 to 23,  mm is minutes, and ss is seconds.  The value returned is of data type CHAR,8.

STR(x)
signifies a character function that returns a character string representation of the numeric argument. No trailing blanks are generated.

SUBSTR(str,x,y)

signifies a character function that returns a sub-string or portion of string str.   x is an integer expression that specifies the position of the first character of the sub-string. y is an integer expression that specifies the position of the last character of the sub-string. If y is omitted, the sub-string returned is from x to the end of the string str.

TAN(x)
signifies a mathematical function that returns the tangent of x. The argument is expressed in radians. The result is a REAL or DOUBLE, depending upon the argument type.

VAL(x)
signifies a character function that converts a numeric character string argument into a numeric data type. The first non-blank character in the string must be a digit, a plus or minus sign, or a decimal point. The remaining characters may be digits or a decimal point and must form a valid numeric   constant.

VCART(x,y,z)
signifies a mathematical function which accepts a triplet of values convertible to DOUBLE, and creates a VECTOR in Cartesian coordinates. 

VCROSS(v1,v2)
signifies a mathematical function which accepts two VECTORs v1 and v2, and returns a VECTOR representing their vector cross product. 

VDOT(v1,v2)
signifies a mathematical function which accepts two VECTORs v1 and v2, and returns a DOUBLE representing their vector dot product.

VECX(v)
signifies a mathematical function which accepts a VECTOR v and returns a DOUBLE representing the X (first) component of the vector. 

VECY(v)
signifies a mathematical function which accepts a VECTOR v and returns a DOUBLE representing the Y (second) component of the vector.

VECZ(v)
signifies a mathematical function which accepts a VECTOR v and returns a DOUBLE representing the Z (third) component of the vector.

VMAG(v)
signifies a mathematical function which accepts a VECTOR v and returns a DOUBLE representing the magnitude of v. 

VMCS(v)
signifies a mathematical function which accepts a VECTOR v in current PCS and returns a VECTOR converted to MCS.

VPCS(v)
signifies a mathematical function which accepts a VECTOR v in MCS and returns a VECTOR converted to current PCS.

VPOL(r,a,h)
signifies a mathematical function which accepts radius r, angle a (must be degrees or radians), and height h values convertible to DOUBLE, and creates a VECTOR in CART coordinates by conversion from POL relative to the current working plane. 

VUNIT(v)
signifies a mathematical function which accepts a VECTOR v and returns a normalized (unit) VECTOR (where VMAG() .EQ. 1).

These intrinsic functions are NOT major words.  They will appear and support other DMIS Major words such as Error! Reference source not found..  The Error! Reference source not found. statement denotes the angular units for all trigonometry functions. All result types are dependent upon the argument types.

Laser, 98-79

SENSOR

Function:
Defines a sensor component capable of making measurement.
Input Format:

SS(label)=SENSOR/var_1
Output Format:
none

Where

Var_1
can be:

PROBE,dx,dy,dz,sni,snj,snk,diam var_2 var_3



or:

MLTPRB,n,var_4 var_3



or:

VIDEO,dx,dy,dz,sni,snj,snk,sci,scj,sck,focal,mag,apert var_3



or:

LASER,dx,dy,dz,sni,snj,snk,sci,scj,sck,power,shuter var_3



or:

INFRED,dx,dy,dz,sni,snj,snk,sci,scj,sck,fovx,fovy,freq,dwell var_3



or:

NONCON,dx,dy,dz,sni,snj,snk,sci,scj,sck,proben var_3



or:

XRAY,dx,dy,dz ,sni,snj,snk,sci,scj,sck,power,amps,spotz var_3



or:

POINT,dx,dy,dz,sni,snj,snk,sci,scj,sck, fovn var_3




or:

LINE,dx,dy,dz,sni,snj,snk,sci,scj,sck, fovn,fovc var_3



or:

AREA,dx,dy,dz,sni,snj,snk,sci,scj,sck, fovc,fovo,fovn var_3


Var_2
can be:

,SPHERE



or:

,CYLNDR,len1



or:

,DISK,thkn



or:

does not exist

Var_3
can be:

,’mfg_name’,’model_name’,index



or:

does not exist

Var_4
can be:

,var_5,dx,dy,dz,sni,snj,snk,diam var_6

Var_5
can be:

‘desc’



or:

tipnum

Var_6
can be:

var_4



or:

does not exist

label
is an alphanumeric and GORDY will fill in here.

dx,dy,dx
defines the nominal offset from the mounting point for the sensor to the effective center of the sensor.

n
Is the number of styli on a multi-tip probe

Focal
is the focal distance in millimeters.

Mag
is the magnification of the lens in decimal form.

apert
is the aperture setting.

power
is the required power setting in watts.

shuter
is the shutter speed in milliseconds.

fovx
is the field of view size in the X axis direction.

fovy
is the field of view size in the Y axis direction.

freq
is the frequency value in megaHertz.

dwell
is the dwell time value in seconds.

proben
is the number of sensors, or probes, that this device provides.

power
is the power requirement in kilovolts, (KV).

amps
is the amperage requirement in milliampere, (MA).

spotsz
is the focal spot size diameter in millimeters, (MM).

fovn
is the field of view in the normal direction of the sensor.

fovc
is the field of view in the clocking direction of the sensor.

fovo
is the field of view in the direction orthogonal to both the normal and clocking directions of the sensor.

sni,snj,snk
defines the sensor normal direction in the current sensor coordinate system.

sci,scj,sck
defines the sensor clocking direction in the current sensor coordinate system. The sensor clocking direction must be orthogonal to the sensor normal direction.

POINT
is a sensor that can measure along the sensor’s normal axis direction.

LINE
is a sensor that can measure along the sensor’s normal and clocking axis directions.

AREA
is a sensor that can measure along all sensor axis directions.

desc
is the description of a stylus on a multi-tip sensor enclosed in single quotes. Each tip description on a multi-tip sensor must be unique.

tipnum
is the integer number of a stylus on a multi-tip sensor. Each tip number on a multi-tip sensor must be unique.

mfg_name
is the name of a manufacturer-specific section of the DME hardware descriptor.

model_name
is the model name identifying the subsection of the manufacturer section of the DME hardware descriptor containing the description for the wrist.

index
is a numeric value identifying a specific set of configuration parameters within a mfg/model section of the DME hardware descriptor.

diam
is the diameter of the sensor tip.

SPHERE
signifies that the probe tip being defined is spherical.

CYLNDR
signifies the probe tip being defined is cylindrical. It can be used when a feature is measured with the shaft of the probe.  The "tip center point" location for this type probe is the axial and radial center of the usable probe geometry of length "len1".  Refer to Error! Reference source not found. 

DISK
signifies that the probe tip being defined is a disk.  The "tip center point" location for this type probe is the axial and radial center of the usable probe geometry of length "thkn".  Refer to Error! Reference source not found. 

len1
is the length of the cylindrical portion of the probe, which will be used for measuring. Refer to Error! Reference source not found. 

thkn
is the thickness of the disk probe. Refer to Error! Reference source not found. 




SNSDEF

99-8

For input formats 2 through 6

Under dx,dy,dz change all references from “machine coordinates” to “probe coordinates”.

99-5

New Output Format: for formats 1 through 7

SA(label)=SNSDEF/OFFSET,ox,oy,oz,sns_size,art_size,art_form,art_label,ax,ay,az,date,time

ox,oy,oz
is the offset of the sensor center from the sensor mount point in the sensor mount coordinate system. 
sns_size
is the effective size of the sensor
art_size
is the specified size of the artifact used for sensor calibration
art_form
is the measured form error of the artifact during sensor calibration
Art_label
is the label of the artifact feature actual or feature nominal used for calibration and specified in the CALIB/ statement.
ax,ay,az
are the Cartesian coordinates of the calibration artifact in machine coordinates.
Date
is the date of the last calibration of the sensor in the format YYYY/MM/DD

Time
is the time of the last calibration of the sensor in the format HH:MM:SS where HH represents the time based on a 24 hour clock.

98-79, 98-3
7.152
SNSDEF (input format 7)

Function:
Builds a sensor from sensor components (e.g., wrists, extensions, reference mounts, sensors, and sensor component groups) used by the DME in making measurements.  
Input Format:

S(label)=SNSDEF/BUILD var_1 (format 6)

Where



Var_1
can be:

,SG(label1) var_3 var_5

or:

,SW(label1) var_4 var_5

or:

,SX(label1) var_3 var_5

or:

,RM(label1) var_3 var_5


or:

 var_5
var_2
can be:

var_1



or:

does not exist

var_3
can be:

,’anglename’,angle var_4




does not exist

var_4
can be:

,var_3
or:

,SX(label1) var_2



or:

does not exist


Var_5
can be:

,SS(label1)



or:

,SGS(label1)


Where:
label
is an alphanumeric and GORDY will fill in here.

SS(label1)
is a previously defined sensor probe.

SGS(label1)
is a previously defined sensor component group with a sensor probe.

SG(label1)
is a previously defined sensor component group. 
SW(label1)
is a previously defined sensor wrist.

SX(label1)
is a previously defined sensor extension.

RM(label1)
 is a previously defined sensor reference mount.
anglename  is the name identifying the angle of rotation.
angle 
is the angle of rotation for the axis identified by ‘anglename’.
Example:

S(label1)=SNSDEF/BUILD,var_1,var_2,var_3

S(label)=SNSDEF/BUILD,SG(label1),SS(label1)

S(label2)=SNSDEF/BUILD,SGS(label1)
7.152GROUP 
Function:
Builds a group from previously calibrated sensors.

Input Format:
GSA(label)=GROUP/SA(label1), SA(label2) var_1
Output Format: 
GSA(label)=GROUP/SA(label1), SA(label2) var_1
Where var_1
can be: ,SA(label3) var_1



      Or: does not exist
label
is an alphanumeric and GORDY will fill in here.

SA(label1)
SA(label2)

SA(label3)
are the previously calibrated sensors.


The GROUP statement is passed to the output file at the time it is executed.

CMPNTGRP

new command
Function:  Component Group (without sensor)
SG(label)=CMPNTGRP/BUILD var_1

Where

var_1
can be:

,SG(label1) var_2
or

,SW(label1) var_2
or:

,SX(label1) var_2
or:

,RM(label1) var_2
var_2
can be:

var_1


or:

does not exist

label
is whatever Gordy says the usual.
SG(label1)
is a previously defined sensor component group.

SW(label1)
is a previously defined sensor wrist.

SX(label1)
is a previously defined sensor extension.

RM(label1)
is a previously defined sensor reference mount.

SNSGRP

new command
Function: Component Group ending with a Sensor
SGS(label)=SNSGRP/BUILD var_1

Where

Var_1
can be:

var_2,SS(label1)



or:

var_2,SGS(label1)

Var_2
can be:

,SG(label1) var_3


or:

,SW(label1) var_3

or:

,SX(label1) var_3

or:

,RM(label1) var_3

Var_3
can be:

var_2



or:

does not exist

label
is the usual stuff

SS(label1)
is a previously defined sensor.

SGS(label1)
is a previously defined sensor component group with a sensor.

SG(label1)
is a previously defined sensor component group.

SW(label1)
is a previously defined sensor wrist.

SX(label1)
is a previously defined sensor extension.

RM(label1)
is a previously defined sensor reference mount.

















SNSET

Laser

Add to var_1 list:



or:
MINCON,level

MINCON
signifies that a minimum confidence level is being established. If a non-contact sensor cannot achieve a measurement with this minimum level of confidence an error occurs.

Level
is the real numeric value of the minimum confidence level.

SNSLCT

 XE "SNSLCT" 

 XE "SNSLCT" \f "s"  

Function:
Selects the sensor(s) to be used for measurement.

Input Formats:


can be:


SNSLCT/var_0 


Output Formats:


can be:
SNSLCT/var_x

Where:


var_0 can be:
GSA(label4) var_11

var_1 var_8


var_x can be:
GSA(label4)

var_1 var_9


var_1 can be:

or:

or:

or:
S(label1) var_2

SA(label1) var_2

S(label3) var_6

SA(label3) var_6


var_2 can be:

or:

or:
,S(label2) var_3

,SA(label2) var_3

does not exist



var_3 can be:

or:
,var_2

does not exist



var_4 can be:

or:

or:

or:
,’anglename’,ang var_5

,’anglename’,F(label) var_7 var_5

,’anglename’,FA(label) var_7 var_5

,’anglename’,VEC,i,j,k var_7 var_5


var_5 can be:

or:
var_4

does not exist



var_6 can be:

or:
,’desc’

,tipnum



var_7 can be:

or:
,FZ,dev

does not exist



var_8 can be:

or:

or:

or:

or:
,SW(label),var_4 var_8
,F(label) var_7
,FA(label) var_7
,VEC,i,j,k var_7
does not exist



var_9 can be:

or:
,SW(label),’anglename’,ang var_7 var_10 var_9
does not exist



var_10can be:

or:
,’anglename’,ang var_7 var_10

does not exist


var_11can be:

or:

or:
,F(label) var_7
,FA(label) var_7
,VEC,i,j,k var_7


S(label1)
is a previously defined sensor.

SA(label1)
is the previously calibrated sensor.

S(label2)
is one or more previously defined sensor(s) used for machine vision systems when more than one sensor is used to take measurements.

SA(label2)
is one or more previously calibrated sensor(s) used for machine vision systems when more than one sensor is used to take measurements.

S(label3)
is a previously defined sensor with multiple tips.

SA(label3)
is a previously calibrated sensor with multiple tips.

GSA(label4)
is a previously defined group of calibrated sensors.

SW(label)
is a wrist to be rotated. The wrist must be attached to the specified (for S(label) and SA(label) formats) or current sensor (if no sensor is specified) via the SNSDEF statement.

anglename
is the name of the wrist angle to rotate. 

ang
is the angle for the wrist axis identified by ‘anglename’. 

F(label)

FA(label)
is an oriented feature, the orientation of which to use for rotation of the wrist. The DME will choose the closest rotation angle for the wrist, as calculated from the nominal wrist definition.

VEC,i,j,k
is a direction vector to use for rotation of the wrist. The DME will choose the closest rotation angles for the wrist, as calculated from the nominal wrist definition.

‘desc’
is string enclosed in single quotes which is the tip description as defined in the SENSOR/MLTPRB statement.

tipnum
is integer tip number as defined in the SENSOR/MLTPRB statement.

FZ,dev
is the maximum allowed angular deviation between the target axis and the final sensor orientation in the input format and the actual deviation between the target axis and the final sensor orientation in the output format.

SNSMNT

Function:
Defines the relationship of the sensor coordinate system to the machine coordinate system. This function establishes a probe coordinate system for SNSDEF.

Input Formats:


can be:
SNSMNT/XVEC,xi,xj,xk,ZVEC,zi,zj,zk,MNTLEN,dx,dy,dz

Output Formats:


can be:
None

Where:


XVEC
signifies that the specification of the x-axis of the sensor coordinate system in the machine coordinate sytem is to follow. 

xi,xj,xk
is the vector in machine coordinates along which the sensor coordinate system X axis is aligned.

ZVEC
signifies that the specification of the z-axis of the sensor coordinate system in the machine coordinate system is to follow. ..

zi,zj,zk
is the vector in machine coordinates along which the  sensor coordinate system Z axis is aligned.

MNTLEN
signifies the nominal distance in machine coordinates between the DME manufacturer's sensor reference point and the origin of the sensor coordinate system is to follow.

dx,dy,dz
is the distance in machine coordinates between the DME manufacturer's sensor reference point  and .the origin of the sensor coordinate system.

Note:
 NOTE TO DNSC: Figures will need to be re-worked!

THLDEF

Change ToolHolders to support wrists and extensions:

TH(label)=THLDEF/var_1 var_2

Where:

var_1 can be: S(label),n

or: SS(label),n

or: SGS(label),n

or: SG(label),n


          or: SW(label),n

          or: SX(label),n

          or: RM(label),n

var_2 can be: ,var_1

          or: does not exist

VALUE

Function:
Sets a variable equal to a measurement result.

Input Formats:


can be:
varname = VALUE/var_1

Output Formats:


can be:
None

Where:


var_1 can be:

or:

or:

or:
FA(label),SIZE

TA(label),var_2 var_3

SA(label) var_4,var_5
SW(label),ANGLE,anglename


var_2 can be:

or:

or:

or:

or:
INTOL

OUTOL

ACT

DEV

AMT



var_3 can be:

or:
,n

does not exist



var_4 can be:

or:

or:
,’desc’

,tipnum

does not exist



var_5 can be:

or:

or:


POS,posindex

VEC,vecindex

ORIENT,orindex



varname
is the name of the previously declared variable to which the value is assigned.

VALUE
signifies that a measurement value is to be assigned to a variable.

FA(label)
is the feature whose measurement result will be used.

TA(label)
is the tolerance whose evaluation result will be used.

SIZE
signifies that the actual size of the feature (diameter, radius, or angle) will be assigned to the variable.

ACT
signifies that the actual (nominal plus material condition bonus) size of the tolerance zone (tolzon) will be assigned to the variable.

DEV
signifies that the deviation (actual-nominal) will be assigned to the variable.

AMT
signifies that the amount out of tolerance (actual-(nominal +  tolerance)) will be assigned to the variable.

INTOL
signifies that the value will be set to 1 if tolerance is evaluated to be within specification. Otherwise, it is set to 0.

OUTOL
signifies that the value will be set to 1 if the tolerance is  evaluated to be out of specification. Otherwise, it is set to 0.

n
is the nth specified value of the tolerance.  If not specified, the first value will be used.

anglename
is the name identifying the angle.

Variables must be declared prior to this statement with the Error! Reference source not found. command. Value will evaluate the tolerance statement(s) in the last Error! Reference source not found. and/or Error! Reference source not found. command.

The 'n' is typically used to gain access to either the first or second tolerance value for a composite tolerance (e.g., COMPOS, CPROFS).  If 'n' is not specified the value returned is the first tolerance value.

WRIST

new command

Function:
Defines an articulating wrist sensor component.

Input Formats:


can be:
SW(label)=WRIST/var_1,var_2 var_3,MNTLEN,ex,ey,ez var_4

Output Formats:



None.

Where:





var_1 can be:
ROTCEN,tx,ty,tz,ai,aj,ak,di,dj,dk

var_2 can be:
ANGLE,’anglename’,var_5,var_6

var_3 can be:

or:
,var_1,var_2 var_3

does not exist

var_4 can be:

or:
,’mfg_name’,’model_name’,index

does not exist

var​_5 can be:

or:
begin,end

THRU

var_6 can be:

or:
step

CONTIN










ROTCEN
signifies that rotation axis and center data is to follow.

tx,ty,tz
is the offset to the center of rotation.

ai,aj,ak
is the axis of rotation.

di,dj,dk
is the zero angle direction.

ANGLE
signifies that rotation angle data is to follow.

anglename
is the name identifying the angle of rotation. Each angle name on a wrist must be unique.

begin
is the beginning angle of rotation for the axis.

end
is the end angle of rotation for the axis.

THRU
signifies that the wrist can move through any supported angle in either direction for the axis.

step
is the rotational stepping angle increment.

CONTIN
signifies that the wrist can move to any angle in specified range.

mfg_name
is the name of a manufacturer-specific section of the DME hardware descriptor.

model_name
is the model name identifying the subsection of the manufacturer section of the DME hardware descriptor containing the description for the wrist.

index
is a numeric value identifying a specific set of configuration parameters within a mfg/model section of the DME hardware descriptor.

MNTLEN
signifies that the offset from the final axis of rotation to the mounting point for the subsequent sensor component will follow.

ex,ey,ez
is the offset from the final axis of rotation to the mounting point for the subsequent sensor component.

The axes of rotation must be described in the order of the dynamical chain from the point at which the wrist mounts to previous sensor component to the point at which subsequent sensor components mount to the wrist. All rotation axis definitions are relative to the zero-angle rotations of all previous rotation axes in the dynamical chain.
GORDY: The text boxes are hidden.

Examples

DMISMN/'Sample syntax for new sensor definition'

$$ Defining this object:
PH10M
30mm from mount to rotation centre

$$



45mm from rotation centre to joint surface

$$



PAA1 
32mm Autojoint

$$



PEL1
50mm extension

$$



TP200
43mm Touch probe

$$



SE1
10mm Stylus extension

$$



PS1R
20mm x 2mm Stylus

$$

$$ Define the sensor mount orientation for a bridge machine

SNSMNT/XVEC,1,0,0, ZVEC,0,0,1, MNTLEN,0,0,0

$$ Define the wrist




SW(PH10) = WRIST/ROTCEN, 0,0,-5, 0,0,1, 0,1,0, ANGLE, ‘RotAngle’,-180,180,7.5, $
ROTCEN,0,0,-25, 1,0,0, 0,0,-1, ANGLE,’TiltAngle’,0,105,7.5, $

MNTLEN, 0,0,-45 ,’Renishaw’, ‘PH10M’, 1


$$ Define the components

$$
PAA1 
32mm Autojoint

SX(PAA1)  = EXTENS/0,0,-32 

$$ or SX(PAA1)  = EXTENS/VEC, 0,0,-1, 32

$$
PEL1
50mm extension


SX(PEL1)  = EXTENS/0,0,-50
$$
TP200
43mm Touch probe

SX(TP200) = EXTENS/0,0,-43
$$
SE1
10mm Stylus extension

SX(SE1)   = EXTENS/0,0,-10
$$
PS1R
20mm x 2mm Stylus

SS(PS1R)  = SENSOR/PROBE, 0,0,-20, 0,0,-1, 2


SS(Tool)  = SENSOR/PROBE,0,0,-155,0,0,-1,2 

$$ Assemble the components into a useable object

SGS(Tool1)=SNSGRP/BUILD,SX(PAA1),SX(PEL1),SX(TP200),SX(SE1),SS(PS1R)

$$ If using a tool changer, define where this object is located in the toolholder

THLDEF/SGS(Tool1),1

$$ Now turn these objects (Wrist PH10 and Tool1) into a sensor

S(Probe1)=SNSDEF/BUILD,SW(PH10),SGS(Tool1)

$$ Define the calibration reference feature in machine co-ordinates

F(Cal)=FEAT/SPHERE,OUTER,CART,250,250,-450,20,0,0,1

$$ If using autochanger issue command to assemble it

SNSLCT/S(Probe1)

$$ Now CALIB the sensor

MODE/AUTO, MAN

CALIB/SENS,S(Probe1),F(Cal),9

ENDMES

OUTPUT/SA(Probe1)

SAVE/SA(Probe1)

$$ Select the probe

SNSLCT/SA(Probe1)

$$ Define and measure a circle

F(CR1)=FEAT/CIRCLE,INNER,CART,100,200,-600,0,0,1,10

MEAS/CIRCLE,F(CR1),4

ENDMES

$$ Define and measure a circle

F(CR2)=FEAT/CIRCLE,INNER,CART,100,200,-600,0,-1,0,10

$$ Select the probe and orientate to feature to be measured A:90,B:90

SNSLCT/SA(Probe1),SW(PH10),’RotAngle’,F(CR2),’TiltAngle’,F(CR2)

MEAS/CIRCLE,F(CR2),4

ENDMES

ENDFIL


MULTI-PROBES FROM MULTIPLE  PORTS ON HEAD

Example 1
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Notes: This type of probe configuration (multi-probe & multi-port) is not well supported by the current DMIS. It is not readily apparent how to explicitly define the SNSMNT offsets, azimuth and elevation (particularly for the extensions) of P3 and P5. In this example, I defined the extensions PX3 and PX5 with delta offsets from the SNSMNT  but I was not able to provide a vector to establish the orientation.  This interpretation misrepresents the actual geometry of the extensions and relies on the CMM /DMIS interpreter to accurately relate the location and orientation of the extensions. 

A reference mount point would be one way to improve this. 

Ex:

RM(label)= REFMNT/VECTOR, i, j, k, XREF,n,YREF,n, ZREF,n 

Where VECTOR is relative to the csy established in SNSMNT and XREF, YREF, and ZREF are the offset distances to the mount point of each probe configuration. This would also require an additional parameter in (at least) the PROBE and EXTENS definitions to establish which mount point to reference from.   

Another option would be an additional var_1 parameter in the EXTENS definition. 

Ex:

Var_1 can be: x,y,z


   or: i,j,k, length

          

 or: x, y,z,i, j, k,length
SNSMNT/XVEC,1,0,0,ZVEC,0,0,1,MNTLEN,0,0,0

$$     EXTENSION DEFINITIONS

SX(PX1)=EXTENS/ 0, 0, -1, 30

SX(PX3)=EXTENS/ 0, (Dy+30),  Dz    

SX(PX5)=EXTENS/ 0, -(Dy+30) ,Dz




$$ SENSOR DEFINITIONS

SS(PP1)=SENSOR/PROBE, 0, 0, -20, 0, 0, -1, 3, SPHERE

SS(PP3)=SENSOR/PROBE, 0, 20, 0, 0, 1, 0, 3,  SPHERE 

SS(PP5)=SENSOR/PROBE, 0, -20,  0, 0, -1,  0, 3, SPHERE 

$$ PROBE CONFIGURATION DEFINITIONS

S(P1)= SNSDEF/BUILD,SX(PX1), SS(PP1)

S(P3)= SNSDEF/BUILD,SX(PX3), SS(PP3)



S(P5)= SNSDEF/BUILD,SX(PX5), SS(PP5)

MULTI-PROBES FROM  MULTIPLE PORTS ON CUBE
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SNSMNT/XVEC,1,0,0,ZVEC,0,0,1, MNTLEN, 0,0,0

$$ EXTENSION DEFINITIONS

SX(PX)=EXTENS/VEC, 0,0,-1,70 

SX(PX1)=EXTENS/0,0,-25

SX(PX3)=EXTENS/0,12.5,-12.5 

SX(PX5)=EXTENS/0,-12.5,-12.5

$$ SENSOR DEFINITIONS

SS(PP1)=SENSOR/PROBE,0, 0,-30, 0, 0, -1, 3, SPHERE 

SS(PP3)=SENSOR/PROBE,0, 30, 0, 0, 1, 0, 3, SPHERE

SS(PP5)=SENSOR/PROBE,0, -30, 0,0,-1, 0 , 3, SPHERE

$$ COMPONENT GROUPING

SG(PG1)= SNSGRP/BUILD,SX(PX),SX(PX1)

SG(PG3)= SNSGRP/BUILD,SX(PX),SX(PX3) 

SG(PG5)= SNSGRP/BUILD,SX(PX),SX(PX5)

$$    PROBE CONFIGURATION DEFINITIONS

S(P1)=SNSDEF/BUILD,SG(PG1),SS(PP1) 
S(P3)=SNSDEF/BUILD,SG(PG3),SS(PP3) 
S(P5)=SNSDEF/BUILD,SG(PG5),SS(PP5)


Example 2
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SNSMNT/XVEC,1,0,0,ZVEC,0,0,1, MNTLEN, 0,0,0

 $$ EXTENSION DEFINITIONS

SX(PX1)=EXTENS/0,0,-1,75 

 $$ SENSOR DEFINITIONS

SS(STAR)=SENSOR/MLTPRB, 3, 1, 0, 0, -50, 0, 0, -1, 3, $

 3, 0, 25, -25, 0, 1, 0, 3, $

 5,  0,  -25,  -25, 0, -1, 0, 3 

$$    PROBE CONFIGURATION DEFINITIONS

S(P1)=SNSDEF/BUILD,SX(PX1),SS(STAR) 

 $$   CALIBRATION COMMANDS

CALIB/SENS,S(P1),FA(CALSPH),6

 $$  SENSOR SELECT

SNSLCT/SA(P1),1

SNSLCT/SA(P1),3

SNSLCT/SA(P1),5

Example 3

MULTI-PROBE FROM EXTENSION  & SINGLE PORT

This example shows how to use the new DMIS statements for sensors definition in the following configuration:

· Continuous wrist with 2 rotation axis
(CWRIST)

· Renishaw PH10


(PH10)

· Generic extension


(EXT1)

· Video Camera


(CAMERA)
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DMISMN/'Sample syntax for new sensor definition'

$$ Define the sensor mount orientation

SNSMNT/XVEC,1,0,0,ZVEC,0,0,-1,MNTLEN,0,0,0

$$ Define the wrist CWRIST

SW(CWRIST)=WRIST/ROTCEN,0,0,0,0,0,1,1,0,0,ANGLE,’RotAngle’,-180,180,CONTIN, $

   ROTCEN,0,-60,80,0,-1,0,0,0,1,ANGLE,’TiltAngle’,-60,60,CONTIN,MNTLEN,0,0,40

$$ Define the wrist PH10

SW(PH10)=WRIST/ROTCEN,0,0,30,0,0,-1,1,0,0,ANGLE,’BAngle’,-180,180,7.5,$ ROTCEN,0,0,25,0,1,0,0,0,1,ANGLE,’AAngle’ $
0,105,7.5,MNTLEN,0,0,30

$$ Define the extension EXT1

SX(EXT1)=EXTENS/0,0,30

$$ Define the video sensor CAMERA

SS(CAMERA)=SENSOR/VIDEO,0,0,90,0,0,1,1,0,0,0,0,0, ,’SONY’,’CX1’,1
$$ Assemble the components into a useable sensor

S(MYPROBE)=SNSDEF/BUILD,SW(CWRIST),SW(PH10),SX(EXT1),SS(CAMERA)

$$ Define the calibration reference feature in machine co-ordinates

F(GAUGE)=FEAT/OBJECT,200,200,-500,0,0,1

$$ Select the probe

SNSLCT/S(MYPROBE)

$$ Calibrate the sensor

MODE/AUTO,PROG,MAN

CALIB/SENS,S(MYPROBE),F(GAUGE),’SONY_CX1_CALIB_PROC’

ENDMES

OUTPUT/SA(MYPROBE)

SAVE/SA(MYPROBE)

$$ Select the probe

SNSLCT/SA(MYPROBE)

$$ Define and measure a circle

F(CR1)=FEAT/CIRCLE,INNER,CART,100,200,-600,0,0,1,10

MEAS/CIRCLE,F(CR1),6

ENDMES

$$ Select the probe and orientate to feature to be measured A:90,B:90

SNSLCT/SA(MYPROBE),SW(CWRIST),’RotAngle’,F(CR2),’TiltAngle’,F(CR2)

$$ Define and measure a circle

F(CR2)=FEAT/CIRCLE,INNER,CART,100,200,-600,0,-1,0,10

MEAS/CIRCLE,F(CR2),6

ENDMES

ENDFIL

0 Sample DMIS code for Proposed Sensor Commands

1 Overview

The proposed new commands are:

· SNSMNT – Defines the mounting arrangement of the CMM probe

· WRIST – Defines the characteristics of the CMM wrist (e.g. PH9, PH10, PH10MQ)

· EXTENS – Defines the probe extension components

· PROBE – Defines the probe sensor component.

· MLTPRB – Defines a multiprobe sensor component

· SNSDEF – New minor word BUILD used to build a sensor definition from a combination of EXTENS, MLTPRB or PROBE.

2 Notes

I had a problem figuring out how to define the individual angles for an assembled tool. In the absence of any notes (or memory!) I took the liberty of adding the SP label to a standard SNSDEF definition. See example code below.
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Figure 1
Renishaw tools in Autochanger rack

Description of tools in autochanger rack"

Tool1
PAA1 Autojoint
TP2 Probe
PS2R Stylus (20mm x 2mm Dia)

Tool2
PAA1 Autojoint
PEL1 (50mm extension bar)
TP2 Probe
PS16R Stylus(20mm x 3mm Dia)

Tool3
PEM1 (50mm Autojoint extension)

Tool4
PAA1 Autojoint
TP2 Probe
SC2 5-way stylus holder
PS2R Stylii (5 off 20mm x 2mm Dia)

3 Sample DMIS code for above combinations

$$ Define the sensor mounting to the CMM

SNSMNT/XVEC,0,0,1,ZVEC,0,1,0,MTNLEN,0,0,0

$$ Define the wrist

SW(PH10MQ)=WRIST/ROTCEN,0,0,-30,0,0,1,0,-1,0,ANGLE,’B’,-180,180,7.5,$
 



 ROTCEN,0,0,0,0,1,0,0,0,-1,ANGLE,’A’,0,105,7.5,$
                 MNTLEN,0,0,-43

$$ Define tool in stall 1

SS(Tool1)=SENSOR/PROBE,0,0,-89,0,0,-1,2

$$ Define tool in stall 2

SS(Tool2)=SENSOR/PROBE,0,0,-139,0,0,-1,3

$$ Define autojoint extension in stall 3

SX(Tool3)=SENSOR/EXTENS,0,0,-50
$$ Define cluster probe in stall 4

SS(Tool4)=SENSOR/MLTPRB,5,1,  0.0, 0.0,-97.00, 0, 0,-1,2,$
                          2, 23.5, 0.0,-70.75, 1, 0, 0,2,$
                          3,  0.0,23.5,-70.75, 0, 1, 0,2,$
                          4,-23.5, 0.0,-70.75,-1, 0, 0,2,$
                          5, 0.0,-23.5,-70.75, 0,-1, 0,2


$$ Define location of above tools in Autochanger rack

TH(Rack1)=THLDEF/SS(Tool1),1,SS(Tool2),2,SX(Tool3),3,SS(Tool4),4

$$ Assemble the wrist to tool1
S(Sens1)=SNSDEF/BUILD,SW(PH10MQ),SS(Tool1)

$$ Assemble the wrist to tool2
S(Sens2)=SNSDEF/BUILD,SW(PH10MQ),SS(Tool2)

$$ Assemble the wrist to tool3 then tool1
S(Sens3)=SNSDEF/BUILD,SW(PH10MQ),SX(Tool3),SS(Tool2)

$$ Assemble the wrist to tool4 then tool1
S(Sens4)=SNSDEF/BUILD,SW(PH10MQ),SS(Tool4)

Sensor Calibration

$$ Define calibration feature in machine coordinates

F(Cal)=FEAT/SPHERE,OUTER,CART,250,250,-400,20,0,01

$$ Now select and calibrate positions for each tool

$$ Calibrate the sensors for Sens1

MODE/AUTO,MAN

SNSLCT/S(Sens1),SW(PH10MQ),’A’,0,’B’,0
CALIB/SENS,S(Sens1),F(Cal),4

ENDMES

SNSLCT/S(Sens1),SW(PH10MQ),’A’,90,’B’,0


CALIB/SENS,S(Sens1),F(Cal),4

ENDMES

















DELETE
Function:
Deletes part coordinate system datum sets, sensor calibration data, and measured feature actual data that was previously saved.

Input Formats:


can be:
DELETE/var_1 var_2

Output Formats:


can be:
None

Where:


var_1 can be:

or:

or:

or:

or:

or:

or:
D(label)

DA(label)

S(label)

SA(label)

FA(label)

RT(label)

ALLSA var_3


var_2 can be:

or:
,DID(label)

does not exist



var_3 can be:

or:
,EXCEPT,SA(label) var_4

does not exist



var_4 can be:

or:
,SA(label) var_4
does not exist


D(label)
signifies which nominal part coordinate system is to be deleted.

DA(label)
signifies which actual part coordinate system is to be deleted.

S(label)
signifies which sensor is to be deleted.  This only applies to programs written for ANSI/CAM-I 101 1990.

SA(label)
signifies which calibrated sensor is to be deleted, or if the ALLSA and EXCEPT minor words are used, which calibrated sensor is not to be deleted.

FA(label)
signifies which measured feature is to be deleted.

RT(label)
signifies which rotary table is to be deleted.

DID(label)
is the device identification label, assigned by the DEVICE statement to system device.

ALLSA
signifies that all calibrated sensors will be deleted except those following the optional EXCEPT minor word.

EXCEPT
signifies that the specified calibrated sensors will not be deleted.
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SW(P_2_1) = WRIST/ROTCEN,tx1,ty1,tz1, ai1,aj1,ak1, di1,dj1,dk1,$


ANGLE, ‘RotAngle’,-180,180,7.5, ROTCEN,tx2,ty2,tz2, ai2,aj2,ak2, di2,dj2,dk2, $


ANGLE,’TiltAngle’,0,105,7.5, MNTLEN, ex,ey,ez ,’mfg_name’,’model_name’,index





tx1,ty1,tz1





Since the acutual sensor mount points are located on the cube, the cube must be defined as three separate extensions. Once again the actual sensor mount points are not along the vector defined in the SNSMNT and  the actual mount vector(s) are not established by this definition. This will  probably work but the DMIS interpreter will have to properly transfer this information to the CMM sensor database. 
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Dy= Y distance from SNSMNT (located at mount point of S(P1) to mount point of S(P3) and S(P5)
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Dz=Z distance from SNSMNT  to mount point of S(P3) and S(P5)
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