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Constructing New 
Features from Existing 
Features 
Constructing New Features from Existing 
Features: Introduction 

 

Use the Insert | Feature | Constructed submenu to construct features when probing on a 
required element is not possible (for example, the intersection point of two edges). 

The items from this menu enable you to create features (points, lines, circles, etc.) from existing 
features (ones already probed or constructed). The "Navigating the User Interface" chapter 
describes the several ways to specify the input feature(s). See the "Selecting Features Using the 
Graphic Display window" topic in the "Editing the CAD Display" chapter for a description of the 
several ways to specify the input feature(s). 

Once the feature is constructed, PC-DMIS draws the new feature on the screen. For 3D features 
(Cylinder, Sphere, Cone) and for a 2D plane, PC-DMIS will draw the feature with a shaded 
surface. 
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Sample cylinder feature, CYL1, drawn with shaded surfaces, constructed from two circles, CIR1 
and CIR2 

Hiding Shaded Plane Features 
You can hide shaded planes by setting the None option in the Display area of the Construct 
Plane dialog box (Insert | Feature | Constructed | Plane). You can also globally hide all drawn 
shaded planes for future plane features by marking the Do Not Display Plane check box in the 
Setup Options dialog box. 

Changing Feature Color 
If desired, you can modify the feature color used during feature creation by using the ID Setup 
tab in the Setup Options dialog box. See the Color check box that appears after choosing 
Features under the Labels For item. 

You can construct a feature by selecting features in the dialog boxes or the Edit window (see "To 
construct a feature from the Edit window" and "To construct a feature using the construction 
dialog boxes:" below). The specific rules for constructing a feature from other features are found 
in the appropriate sections, and apply to both methods of construction. The default method for 
constructing a feature is Auto. In this case, PC-DMIS automatically determines the best 
construction type based on the input feature(s). The order of selection (unless noted otherwise) is 
usually not important. It is only necessary that the correct feature type(s) be chosen. For 
example, to construct an intersect point between a line and a slot, simply select the necessary 
line and slot. PC-DMIS will create a point where the line intersects the slot. 

It is important to note that the documented conventions are simply a tool allowing you to become 
familiar with the rules governing the Edit window. The actual Edit report will be displayed using all 
CAPITAL LETTERS. 

Example of the command line showing a constructed point in the Edit window: 
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CONSTR/POINT, INTOF, line_id, slot_id 
or, CONSTR/POINT, INTOF, slot_id, line_id. 

The main topics discussed in this chapter include: 

• Understanding the General Command Format 
• Specifying Feature Theoreticals 
• Constructing a Point Feature 
• Constructing a Circle Feature 
• Constructing an Ellipse Feature 
• Constructing a Sphere Feature 
• Constructing a Line Feature 
• Constructing a Cone Feature 
• Constructing a Cylinder Feature 
• Constructing a Plane Feature 
• Constructing a Round Slot Feature 
• Constructing a Square Slot Feature 
• Constructing a Curve 
• Constructing a Surface 
• Constructing a Set of Features  
• Constructing a Filter Set 
• Constructing an Adjusted Filter 
• Constructing a Width Feature 

 

To Construct a Feature from the Edit window 

1. Access the Edit window (View | Edit Window). 
2. Place the cursor where you want to construct the feature in the Edit window. 
3. Type the command CONSTR/... followed by the appropriate text. (See the example of 

the command line for a constructed point shown above.) 

 

To Construct a Feature Using the Construction Dialog Boxes: 

1. Select Insert | Feature | Constructed. 
2. Select the type of feature to be constructed. Available options are: 

• Point 
• Circle 
• Ellipse 
• Sphere 
• Line 
• Cone 
• Cylinder 
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• Plane 
• Round Slot 
• Square Slot 
• Curve 
• Surface 
• Feature Set 
• Filter Set 

3. Once the selection of the input features is completed within the dialog box, select the 
Create button. 

PC-DMIS will construct the feature and display it on the screen. It will also display the feature's 
center point in the Edit window. PC-DMIS will construct the requested feature, leaving the dialog 
box open, adding the newly constructed feature into the dialog box. This allows you to construct 
multiple features based on newly constructed features. 

Understanding the General Command Format 
 

In the Edit window all constructed features are displayed in the following format. There will be 
slight variations that are explained more thoroughly in the following sections. 

The actual Edit report will be displayed using all CAPS. 

For example: 

Feature_name=FEAT/TYPE OF FEATURE,TOG1,..... 
THEO /x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,...... 
ACTL /x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,...... 
CONSTR/TOG2,TOG3,...... 

feature_name - name of feature. This is a user editable field. 

TYPE OF FEATURE - This field denotes the feature type. This feature type is the same as TOG2 
but is non-editable and is not a toggle field. 

...... : This indicates that what follows is unique to each feature. This is explained more thoroughly 
as needed in appropriate topics. 

TOG1 - This field is present in all features and can be switched between RECT / POLR. If this 
feature is RECT, all points are represented in Cartesian system (x, y, z). If field is POLR, all 
points are displayed in polar system (x_radius, y_angle, z_height). Vectors do not change. 

TOG2 - This field is present in all features and can be switched between the different types of 
features taking the following values: 

CIRCLE / CONE / CYLINDER / LINE / PLANE / POINT / SPHERE / CURVE / SURFACE / 
SET / 
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POINT is the default feature type when the construct command line is opened for the first 
time in a measurement routine. The default feature type then becomes the last constructed 
feature type. 

TOG3 - This field is also present in all features, but takes unique values according to the type of 
feature. (See specific feature type for additional information.) 

  

Accessing the Construct [Feature] Dialog Box from a 
Constructed Feature 
To access the corresponding construction dialog box from which an Edit window's feature was 
created: 

1. Make sure the Edit window is open. 
2. In the Edit window, click the mouse on the feature's name. 
3. Press F9. A construction dialog box will appear. 

Using this dialog box you can make any desired changes, and when you click the Create button 
the updated changes will be made to the Edit window. 

 

Decimal Placement Conventions 
Note: The following statements refer to metric measurements where the maximum number of 
decimal places is 6. For standard measurement (inches), the maximum number of decimal places 
is seven. 

Please note the following information regarding decimal place conventions for constructed 
features: 

• All vectors (i_vect, j_vect, k_vect) are represented by a maximum of 6 places to the right 
of the decimal. 

• All lengths and distances (x_cord, y_cord, z_cord, diam, height, length, etc.) are 
represented by a maximum of 6 places to the right of the decimal. 

• All angles are represented by a maximum of 6 places to the right of the decimal. 
• If the decimal place is zero, then the number is represented as an integer. 

Note: Decimal places can be changed through the Dimension tab (F5) in the Setup Options 
dialog box (Edit | Preferences | Setup). Setting the decimal place limit inserts a 
DISPLAYPRECISION command in the Edit window. All features following this command conform 
to the number of decimal places specified. 
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Specifying Feature Theoreticals 
PC-DMIS provides the ability to specify theoretical information for most of the available 
constructed feature types. Traditionally, PC-DMIS has used the theoretical values from the input 
features to calculate a theoretical value for the constructed feature. In some circumstances, 
however, you may not want this result. To make constructed features more flexible, you can 
override the traditional behavior and specify your own theoretical values for the feature. 

The Feature Theoreticals area is at the bottom of the constructed features dialog box (Insert | 
Feature | Constructed). This area is unavailable for selection until you select the Specify Theos 
check box. This enables the other items in the area, which you can use to override the calculated 
theoretical values from the input features with specified theoretical values. 

 
Feature Theoreticals area 

The items that appear in the Feature Theoreticals area change depending on the feature you 
are constructing. Each feature will display at least the X, Y, and Z boxes (the location) and the I, 
J, and K boxes (the orientation). For features with characteristic sizes, such as circles, slots, and 
cones, additional items will appear in this area. 

To Override Feature Theoreticals 
To change an existing feature from the traditional method to the new theoretical override: 

1. From the Edit window, press F9 to see the dialog box for that constructed feature. 
2. Select the Specify Theos check box to enable the Feature Theoretical area. 
3. Change the theoretical values by editing the available items. 
4. Click the Create button when finished. 

Alternately, you can edit the feature from the Edit window by changing the appropriate field: 

• In Command Mode, set the last field on the first line of the feature to YES and then 
manually type the values in the THEO line. 

 
Sample Constructed Feature in Command Mode 
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• In Summary Mode, set the User Specified Theos value to YES and then modify the 
Theoreticals group. 

 
Sample Constructed Feature in Command Mode 

  

To have PC-DMIS automatically calculate the feature information based on the input features (the 
traditional method), clear the Specify Theos check box in the dialog box or change the 
appropriate value in the Edit window. The features will update accordingly. 

Because you are editing your feature theoretical values, PC-DMIS asks if you want to update 
your measured values and the theoretical values of any associated dimensions. This is standard 
PC-DMIS behavior. 

All constructed features have this capability except for: 

• Curve 
• Surface 
• Filter 
• Set 
• Adjust Filter 

Constructing a Point Feature 
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Construct Point dialog box 

There are a number of ways to construct a point using PC-DMIS. The following table lists the 
various types of constructed points, along with their necessary inputs. Some features may require 
no inputs while others may require three inputs or more. In the table, the term 'Any' indicates that 
the construction can take any type of feature as input for construction. PC-DMIS allows the 
features to be selected in any order. 

CONSTRUCT 
FEATURE 

TYPE 

SYMBOL IN 
EDIT 

WINDOW 

#  OF 
INPUT 
FEATS 

FEAT #1: FEAT #2: FEAT 
#3: COMMENTS 

Auto Point - - - - - See "Auto Point 
Construction". 

Cast Point CAST 1 Any - - 
Constructs point 
at centroid of 
input feature 

Corner Point CORNER 3 Plane Plane Plane 
Constructs point 
at the intersection 
of 3 planes 

Drop Point DROP 2 Any 
Cone, 
Cylinder, 
Line, Slot 

- 

First feature is 
dropped onto the 
second line 
feature 

Intersect Point INTOF 2 

See topic 
below for 
valid 
features. 

See topic 
for valid 
features. 

See topic 
below for 
valid 
features. 

See topic 
for valid 
features. 

- 

Constructs point 
at the intersection 
of the linear 
attribute of 2 
features 

Mid Point MID 2 Any Any - Constructs Mid 
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Point between 
centroids of the 
inputs 

Offset Point OFFSET 1 Any - - 
Requires 3 offsets 
corresponding to 
X,Y, & Z 

Origin Point ORIGIN 0 - - - Constructs point 
at alignment origin 

Pierce Point PIERCE 2 

See topic 
below for 
valid 
features. 

See topic 
for valid 
features. 

See topic 
below for 
valid 
features. 

See topic 
for valid 
features. 

- 

Constructs point 
where one feature 
pierces the 
surface of another 
feature. 

Vector 
Distance Point VECT_DIST 2 Any Any - 

Constructs point 
at a distance from 
the second 
feature along the 
line from the two 
input features. 

Project Point PROJ 1 or 2 Any Plane - 
1 input feature will 
project point to 
work plane 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the Status Bar. 

To construct a point: 
1. Open the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Enter the desired features. 
3. Select the method of construction. Available options include: 

• Cast Point 
• Corner Point 
• Drop Point 
• Intersect Point 
• Mid Point 
• Offset Point 
• Origin Point 
• Pierce Point 
• Vector Distance Point 
• Project Point 

4. Click the Create button. 
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The Edit window command line for a sample point construction would read: 

feature_name=FEAT/POINT,TOG1 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec 
CONSTR/TOG2,TOG3,...... 

Note: The actual Edit report will be displayed in all CAPS. 

TOG1= POLR or RECT 

TOG2 = POINT 

TOG3 = CAST / CORNER / DROP / INTOF / MID / OFFSET / ORIG / PIERCE / PROJ 

The first three lines displayed in the Edit window will be the same for all constructed points. The 
fourth line will be slightly different, according to the type of feature being constructed. You can 
switch between the different types of points by placing the cursor on TOG3 and pressing F7 or 
F8. (See "Command Mode Keyboard Functions" in the "Using the Edit Window" chapter.) 

When two or more features are involved, PC-DMIS automatically determines the necessary order 
of the input features. This improves the accuracy of the measurement process. 

AUTO is the default method of construction. This option automatically determines the best way to 
construct a point using the input feature(s). See "Auto Point Construction". 

The following paragraphs describe the available options for constructing a point. 

 

Auto Point Construction 
The list below indicates the type of point that the software constructs when you select certain 
inputs along with the Auto option. The order of the selected features is not important. If you 
select an incorrect input feature or features, PC-DMIS displays an error message and does not 
automatically construct the indicated feature type. 

To allow PC-DMIS to automatically determine the best method of construction: 
1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Auto option from the list of options. 
3. Select the desired feature or features based on the information below. 
4. Click the Create button. 

Input Feature List 
The following lists each input feature and what it can construct: 

3 Points = Corner Point 

Any 1 Feature = Cast Point 

Circle + Circle = Mid Point 
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Circle + Cone = Drop Point 

Circle + Cylinder = Drop Point 

Circle + Ellipse = Mid Point 

Circle + Line = Pierce Point 

Circle + Plane = Project Point 

Circle + Set = Mid Point 

Circle + Slot = Mid Point 

Circle + Sphere = Mid Point 

Cone + Cone = Intersect Point 

Cone + Cylinder = Intersect Point 

Cone + Ellipse = Drop Point 

Cone + Plane = Pierce Point 

Cone + Set = Drop Point 

Cone + Slot = Intersect Point 

Cylinder + Ellipse = Drop Point 

Cylinder + Plane = Pierce Point 

Cylinder + Set = Drop Point 

Cylinder + Slot = Intersect Point 

Ellipse + Ellipse = Mid Point 

Line + Cone = Intersect Point 

Line + Cylinder = Intersect Point 

Line + Ellipse = Drop Point 

Line + Line = Intersect Point 

Line + Plane = Pierce Point 

Line + Set = Drop Point 
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Line + Slot = Intersect Point 

Line + Sphere = Drop Point 

Plane + Ellipse = Project Point 

Plane + Plane = Project Point 

Plane + Set = Project Point 

Point + Circle = Mid Point 

Point + Cone = Drop Point 

Point + Cylinder = Drop Point 

Point + Ellipse = Mid Point 

Point + Line = Drop Point 

Point + Plane = Project Point 

Point + Point = Mid Point 

Point + Set = Mid Point 

Point + Slot = Mid Point 

Point + Sphere = Mid Point 

Set + Ellipse = Mid Point 

Set + Set = Mid Point 

Slot + Ellipse = Mid Point 

Slot + Plane = Project Point 

Slot + Set = Mid Point 

Slot + Slot = Intersect Point 

Sphere + Cone = Drop Point 

Sphere + Cylinder = Drop Point 

Sphere + Ellipse = Mid Point 

Sphere + Plane = Project Point 
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Sphere + Set = Mid Point 

Sphere + Slot = Mid Point 

Sphere + Sphere = Mid Point 

  

 

Constructing an Intersect Point 
A point can be constructed between two valid features: 

First Valid Feature Second Valid Feature 

Plane Line, Cylinder, Cone, or Curve 

Line Plane, Sphere, Cone, Cylinder, Curve, Line, Circle, or Slot 

Cylinder Plane, Line, Cone, Cylinder, Circle, or Slot 

Cone Plane, Line, Cone, Cylinder, Circle, or Slot 

Curve Plane, Line 

Sphere Line 

Circle Line, Cone, Cylinder, Circle, or Slot 
The point is created where the lines (centerlines) of the two features intersect or where a linear 
feature pierces a planar feature. 

 
A - Point constructed from 2 lines (LINE1 and LINE2). 

Constructing an Intersect Point from Two Lines 

If you want to intersect or pierce a circle with a line, see "Constructing a Pierce Point". 

To construct an Intersect Point: 
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1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Intersect option from the list of options. 
3. Select two features of this type (circle, cone, cylinder, line, slot, curve, plane, sphere). 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/POINT,INTOF,feat_1,feat_2 

If the two features do not intersect, the point is constructed midway between the two 
features at the apparent intersection. In other words, the intersect point is the mid-point of 
the shortest line connecting the two input features. In the following example, A indicates 
where the intersect point is constructed between LINE1 and LINE2: 

 
Constructing an Intersect Point from Two Lines that do not Intersect 

You can intersect two circle features and as long as they have the same (or very similar) vectors, 
PC-DMIS will generate a constructed point feature at one of the intersection points. If you switch 
the order of the selected input features in the Construct Point dialog box, PC-DMIS will construct 
a point at the other intersection point. 

You can intersect a line feature with a constructed curve. The line and curve are first projected 
onto the current workplane, where the intersection is computed. If there is no intersection, an 
error message appears. Even though there may be many intersection points, only the one closest 
to the start of the curve is reported. To get the other intersection points, it may be possible to 
subdivide the curve and compute intersections on the subcurves. 

Note: If you select a slot as one of your input features, PC-DMIS will use the slot centerline 
vector when constructing this point instead of the slot normal vector. If you want to use the older 
slot normal vector, you will need to modify the value for the UseLegacySlotVector entry in the 
PC-DMIS Settings Editor. For information on how to do this, see the "Modifying the Registry" 
appendix. 

 

Constructing a Point at the Origin 
A point can be constructed at the current alignment origin. 

To construct an Origin Point: 
1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the At Origin option. 
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3. Do not select any input features. 
4. Click the Create button. 

The Edit window command line for this option would read:  
CONSTR/POINT,ORIG 

 
A - Point constructed at the origin (0,0,0). 

Constructing a Point at the Origin 

  

 

Constructing a Drop Point 
A point can be constructed from any feature and a line (cone, cylinder, or slot). PC-DMIS will drop 
the centroid of the first feature onto the second feature. The "dropped" point will be dropped on a 
line that is perpendicular to the line, centerline, or plane. If two line features are selected, PC-
DMIS will drop the centroid of the first line feature onto the second line feature. 

Note: For this construction method, you must select feature types in the correct order. 

To construct a Drop Point: 
1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Drop Point option from the list of options. 
3. Select the first feature. It may be of any type. 
4. Select the second feature. It must be of cone, cylinder, line, or slot. 
5. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/POINT,DROP,feat_1,feat_2 
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A - Point is constructed by normally projecting circle, CIR1 (the designated point) to line, 
LINE1. 

Constructing a Drop Point from a Circle and a Line 

Note: If you select a slot as one of your input features, PC-DMIS will use the slot 
centerline vector when constructing this point instead of the slot normal vector. If you want 
to use the older slot normal vector, you will need to modify the value for the 
UseLegacySlotVector entry in the PC-DMIS Settings Editor. For information on how to 
do this, see the "Modifying Registry Entries" appendix. 

 

Constructing a Cast Point 
A point can be constructed by changing any given feature into the point. PC-DMIS will construct 
the point at the centroid of the input feature. 

To construct a Cast Point: 
1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Cast option from the list of options. 
3. Select any feature. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/POINT,CAST,feat_1 

 
Constructing a Cast Point from a Circle 
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Constructing a Mid Point 
A point can be constructed from any two features without direction. PC-DMIS creates a mid-point 
between the centroids of the two input features. 

To construct a Mid Point: 
1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Mid Point option from the list of options. 
3. Select any two features. 
4. Click the Create button. 

The Edit window command line for this option would read:  
CONSTR/POINT,MID,feat_1,feat_2 

 
A - Point constructed midway between two circles, CIR1 and CIR2. 

Constructing a Mid-Point from Two Circles 

  

 

Constructing a Corner Point 
A point can be constructed from three planes. PC-DMIS creates a point at their intersection. The 
vector of the constructed corner point is the cross product of the second input vector into the third 
input vector. 

To construct a Corner Point: 
1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Corner Point option from the list of options. 
3. Select three different planes. 
4. Click the Create button. 

The Edit window command line for this option would read: 

CONSTR/POINT,CORNER,feat_1,feat_2,feat_3 
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A - Point constructed at the intersection of three planes (PLN1, PLN2, and PLN3). 

Constructing a Corner Point from three Planes 

  

 

Constructing a Projected Point 
A point can be constructed from any feature and a plane. PC-DMIS will project the point where 
the plane intersects the point. If there is only one input feature, the projection will be to the work 
plane. 

To construct a Projected Point: 
1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Projection option from the list of options. 
3. Select a feature from which to create the project point. 
4. Click the Create button. 

The Edit window command line for this option would read:  
CONSTR/POINT,PROJ,feat_1,(feat_2) 

 
A - Projected point constructed from a point, PNT1, and a plane, PLN1. 

Constructing a Projected Point from a Point and a Plane 
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Constructing a Pierce Point 
A point can be constructed where one feature pierces the surface of another feature: 

First Valid Feature Second Valid Feature 

Line Plane, Sphere, Cylinder, Circle, Cone, or Ellipse 

Slot Plane, Sphere, Cylinder, Circle, Cone, or Ellipse 

Cone 
Plane, Sphere, Cylinder, Circle, Cone, Ellipse, Line, or Slot 

  

Cylinder Plane, Sphere, Cylinder, Circle, Cone, Ellipse, Line, or Slot 

Circle Plane, Sphere, Cylinder, Circle, Cone, Ellipse, Line, or Slot 

Ellipse Plane, Sphere, Cylinder, Circle, Cone, Ellipse, Line, or Slot 

Plane Line, Slot, Cone, or Cylinder 

Sphere Line, Slot, Cone, or Cylinder 
Normally, the first feature selected would be the surface to pierce, with these exceptions: 

• If one of the inputs is a Plane, Sphere, Circle, or Ellipse, no matter what the input order 
is, this feature becomes the pierced surface. 

• If the second feature is a cylinder and the first input is not a cylinder, circle, cone, or line 
(these are all line-reducible features) then the cylinder becomes the line-reducible 
feature, and the first feature becomes the pierced surface. 

• If the second feature is a cone and the first feature is not a cylinder, circle, cone, line, or 
slot then the cone becomes the line-reducible feature and pierces the surface of the first 
input. 

To construct a Pierce Point: 

1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Pierce option from the list of options. 
3. Select a first valid feature. 
4. Select a second valid feature. 
5. Click the Create button. 

The Edit window command line for this option would read: 

CONSTR/POINT,PIERCE,feat_1,feat_2 
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A - Point constructed at the intersection of a line and sphere 
B - Sphere feature 
C - Line (please note direction) 

Constructing a Pierce Point from a Line and a Sphere 

Additional Notes: 

• If the pierced feature is a circle or an ellipse, PC-DMIS creates a cylindrical 
circumference about the centerline, and constructs the pierce point. If two similar features 
(two cylinders for example) are provided, PC-DMIS will pierce the second feature with the 
first feature. 

• If the pierced feature is a sphere, circle, cone, or cylinder, the pierce point is constructed 
where the piercing input feature first intersects the surface of the pierced element. The 
first intersection point is determined by the direction of the line. It is important to know the 
direction in which the line was defined. If the wrong point is constructed, create a new, 
flipped line (see "Changing the Direction of a Line"), and use it to construct the point. 

Constructing a Vector Distance Point 
A point can be constructed at a specified distance along an imaginary line created from two input 
features. PC-DMIS constructs the point along the line from the first input to the second input at a 
specified distance from the second input.   

For example, if your two input features were in order, PNT1 and PNT2, and you defined a 
distance of 10mm, PC-DMIS would construct the point (PNT3) like this: 
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Constructed Vector Distance Point, PNT3, Created from Input Features PNT1 and PNT2 

To construct a Vector Distance Point: 
1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Vector Distance option from the list of options. 
3. Select the first feature. 
4. Select the second feature. 
5. Specify a distance in the Distance box. You can type a negative value to construct the 

point between the two input features. 
6. Click the Create button. PC-DMIS will construct a point at the specified distance from the 

second input feature along the line from the first feature to the second feature. 

The Edit window command line for this option would read: 
CONSTR/POINT,VECT_DIST,feat_1,feat_2,distance 

Constructing an Offset Point 
 

A point can be constructed a specified distance from any input feature. 

To construct an Offset Point: 
1. Access the Construct Point dialog box (Insert | Feature | Constructed | Point). 
2. Select the Offset Point option from the list of options. 
3. Select a feature from which to create the offset point. 
4. Click the Create button. 

To create an offset point from the origin, select the At Origin option. To create an offset 
point relative to a particular feature, select the desired feature and type the values in the X 
offset, Y offset, and Z offset boxes. 

 

XYZ Offset 

 
These fields allow you to enter in offset distances for the X, Y, and Z, axes. These options remain 
unavailable until you select the Offset option. 

The Edit window command line for this option would read: 
CONSTR/POINT,OFFSET,feat_1,dx,dy,dz 



Constructing New Features from Existing Features 

22 

  

Constructing a Line Feature 
 

 
Construct Line dialog box 

There are many methods to construct a line using PC-DMIS. The following table lists the various 
types of constructed lines, along with their necessary inputs. Some features may require no 
inputs while others may require three inputs or more. The term 'Any' in the table below indicates 
that the construction can take any type of feature as input for construction. PC-DMIS allows the 
features to be selected in any order. 

CONSTRUCT 
FEATURE 

TYPE 
SYMBOL IN EDIT 

WINDOW 
#  OF 
INPUT 
FEATS 

FEAT #1: FEAT #2: COMMENTS 

Auto Line - - - - See "Auto Line 
Construction". 

Alignment Line ALIGN 0 - - 
Constructs line 
through 
alignment origin 
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Best Fit Line BF 
At least 2 
inputs are 
needed. 

- - 
Constructs best 
fit line using 
inputs 

Best Fit with 
Recomp Line BFRE 

At least 2 
inputs are 
needed. 
(1 must 
be a 
point) 

- - 
Constructs best 
fit line using 
inputs 

Cast Line CAST 1 Any - 
Constructs line at 
centroid of input 
feature 

Intersect Line INTOF 2 Plane Plane 
Constructs line at 
the intersection of 
2 planes 

Mid Line MID 2 

Line, 
Cone, 
Cylinder, 
Slot, 
Plane 

Line, 
Cone, 
Cylinder, 
Slot, 
Plane 

Constructs a mid 
line between the 
input features 

Offset Line OFFSET 
At least 2 
inputs are 
needed. 

Any Any 

Builds line 
through first 
feature and offset 
from second 
feature by 
specified amount 

Parallel Line PLTO 2 Any Any 

Constructs line 
parallel to first 
feature and 
passing through 
second feature 

Perpendicular 
Line PRTO 2 Any Any 

Constructs line 
perpendicular to 
first feature and 
passing through 
second feature 

Project Line PROJ 1 or 2 Any Plane 

Using 1 input 
feature will 
project line to 
work plane 

Reverse Line REV 1 Line - 

Constructs line 
passing through 
input with 
reversed vector 

Scan Segment 
Line SCAN_SEGMENT 1 Scan - 

Constructs line 
from a part of a 
Linear Open or 
Linear Close 
scan. 
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Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the Status Bar. 

To construct a line: 
1. Open the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Enter the desired features. 
3. Select the method of construction. Available options include: 

• Auto Line 
• Alignment Line 
• Best Fit or Best Fit Recompensate Line 
• Cast Line 
• Intersect Line 
• Mid Line 
• Offset Line 
• Parallel Line 
• Perpendicular Line 
• Projected Line 
• Reversed direction Line 
• Scan Segment Line 
• Offset Line 

4. Click the Create button. 

The Edit window command line for this option would read: 
feature_name=FEAT/LINE,TOG1,TOG4 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,length 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,length 
CONSTR/TOG2,TOG3,... 

If TOG2 = LINE and TOG3 = BF or BFRE then the command has the following format:  
feature_name=FEAT/LINE,TOG1,TOG4 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,length 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,length 
CONSTR/LINE,TOG3 
OUTLIER_REMOVAL/TOG5, stdDevMultiplier 
FILTER/TOG5, WAVELENGTH=cutoffWavelength 

Note: The actual Edit report will be displayed in all CAPS. 

TOG1 = POLR or RECT 

TOG2 = LINE 

TOG3 = ALIGN / BF / BFRE / CAST / INTOF / MID / OFFSET / PLTO / PROJ / PRTO / REV / 
SCAN_SEGMENT 

TOG4 = BND / UNBND 

TOG5 = OFF / ON 



Constructing New Features from Existing Features 

25 

Length = This value represents the theoretical or actual length of the line. 

stdDevMultiplier = This multiplier value determines whether or not a measured point is an 
outlier. If the point from the line is further than the standard deviation multiplied by this, then it is 
an outlier and will be removed if you have selected the Remove Outlier option. 

cutoffWavelength = This value controls the amount of data smoothing. The longer the 
wavelength the more smoothing there will be. 

The first three lines displayed in the Edit window will be the same for constructed lines. The fourth 
line will be slightly different, according to the type of feature being constructed. You can switch 
between the different types of lines by placing the cursor on TOG3 and pressing F7 or F8. (See 
"Command Mode Keyboard Functions" in the "Using the Edit Window" chapter.) 

When two or more features are involved, PC-DMIS automatically determines the necessary order 
of the input features. This improves the accuracy of the measurement process. 

AUTO is the default method of construction. See "Auto Line Construction" 

The following topics describe the available options for constructing a line: 

 

Auto Line Construction 
The list below indicates the type of line that the software constructs when you select certain input 
features along with the Auto option. The order of the selected features is not important. If you 
select an incorrect input feature or features, PC-DMIS displays an error message and does not 
automatically construct the indicated feature type. 

To allow PC-DMIS to automatically determine the best method of construction: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Auto option from the list of options. 
3. Select the desired feature or features based on the table below. 
4. Click the Create button. 

Input Feature List 

Input Feature(s) Constructs 

3 or more Features = Best Fit Line 

Any 1 Feature (except line/set) = Cast Line 

Any 1 Set = Best Fit Line 

Any 2 Features + offset value = Offset Line 

Circle + Circle = Best Fit Line 

Circle + Ellipse = Best Fit Line 

Circle + Point Best Fit Line 

Circle + Set = Best Fit Line 
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Circle + Slot = Best Fit Line 

Circle + Sphere = Best Fit Line 

Cone + Circle = Parallel to Line 

Cone + Cone = Mid Line 

Cone + Cylinder = Mid Line 

Cone + Ellipse Parallel to line 

Cone + Point = Parallel to Line 

Cone + Set = Parallel to Line 

Cone + Sphere = Parallel to Line 

Cylinder + Circle = Parallel to Line 

Cylinder + Cylinder = Mid Line 

Cylinder + Ellipse = Parallel to Line 

Cylinder + Point = Parallel to Line 

Cylinder + Set = Parallel to Line 

Cylinder + Sphere = Parallel to Line 

Ellipse + Ellipse = Best Fit Line 

Ellipse + Set = Best Fit Line 

Ellipse + Sphere = Best Fit Line 

Line = Reverse Line 

Line + Circle = Parallel to Line 

Line + Cone = Mid Line 

Line + Cylinder = Mid Line 

Line + Ellipse = Parallel to Line 

Line + Line = Mid Line 

Line + Point = Parallel to Line 

Line + Set = Parallel to Line 

Line + Slot = Mid Line 

Line + Sphere = Parallel to Line 

Point + Ellipse = Best Fit Line 

Point + Point = Best Fit Line 

Point + Sphere = Best Fit Line 

Point + Slot = Best Fit Line 

Point + Set = Best Fit Line 

Plane + Any Feature (except plane) = Project Line 
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Plane + Plane = Intersect Line 

Slot + Cone = Mid Line 

Slot + Cylinder = Mid Line 

Slot + Ellipse Parallel to Line 

Slot + Slot = Best Fit Line 

 

Constructing an Alignment Line 
A line can be constructed through the current origin, normal to the current work plane. (Input 
features do not need to be provided.) 

To Construct an Alignment Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Alignment option. 
3. Do not enter any features. 
4. Click the Create button. 

The Edit window command line for this option would read:  
CONSTR/LINE,ALIGN,length 

 
A - Line through the current origin normal to the current work plane. 
B - Current work plane. 
C - Origin 

Constructing a Line Normal to the Work Plane 

  

Constructing a Best Fit or Best Fit Recompensate Line 
 

Best Fit Recompensate is only accurate when constructing a line using points. 
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A 'best fit' 2 or 3-dimensional line can be constructed from two or more features. The best fit 
construction method takes the actual measured points while the best fit recompensate method 
takes the ball's center. In both cases the average squared error is minimized in the least squares 
method and the maximal error is minimized in the min/max method. You can also choose to 
remove outliers or apply a Gaussian filter to the constructed line. 

• The Best fit option compensates prior to fitting by using the ball center data shifted one 
tip radius in the direction of the negated hit vector. 

• The BF Recomp option uses the ball center data and the tip compensation is part of the 
fitting process. 

To construct a Best Fit or Best Fit Recompensate Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select either the Best Fit or BF Recomp option. 
3. Enter in at least two features. 
4. Select either the 2D line or 3D line option. 

Note: For Best Fit Recompensate, one feature must be a point. 

5. If desired, click the Remove Outliers check box and specify a value in the Standard 
Deviation Multiple box. 

6. If desired, click the Apply Gauss Filter check box and specify a value in the Cuttoff 
Wavelength box. 

7. Click the Create button. 

The Edit window command line for this option would read: 

CONSTR/LINE,BF, feat_1,feat_2, … 
OUTLIER_REMOVAL/(ON | OFF), stdDevMultiple 
FILTER/(ON | OFF),WAVELENGTH=ctfoffWavelength 
 
(Uses the actual measured points for construction.) 

or 

CONSTR/LINE,BFRE,feat_1,feat_2, … 
OUTLIER_REMOVAL/(ON | OFF), stdDevMultiple 
FILTER/(ON | OFF),WAVELENGTH=cutoffWavelength 

(Uses the center of the probe for measurement, recompensating after measuring the 
features.) 
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Constructing a Line from Two or More Features 

  

Remove Outliers / Standard Deviation Multiple 

For a best fit (BF) or best fit recompensate (BFRE) line you can choose to remove outliers based 
on the distance from the best fit feature. This allows the removal of anomalies that arise in the 
measurement process. 

PC-DMIS first fits a line to the data, and then determines which points are outliers based on the 
value in the Standard Deviation Multiple box. It then does the following: 

• Recalculates the best fit line with those outliers removed. 
• Checks for outliers again. 
• Recalculates the best fit line. 
• Continues repeating this process until no more outliers exist or until PC-DMIS cannot 

compute the line (PC-DMIS can't compute the line if there are fewer than 3 data points). 

For 2D lines, the deviation is calculated in a plane parallel to the workplane. 

For 3D lines, the deviation is computed as the distance from the measured point to the nearest 
point along the line. 

 

Apply Gauss Filter / Cutoff Wavelength 

The Best Fit (BF) and Best Fit Recompensate (BFRE) constructed lines have the option of 
filtering the deviations of the measured data points from the best fit line computed from the 
measured data.  

Apply Gauss Filter - If you mark this check box, it applies a Gaussian filter. It controls the 
smoothing by the cutoff wavelength. Generally, a longer cutoff wavelength produces 
smoother filtered data.  

Remove Outliers - If you mark this check box and you are filtering the data, it removes the 
outlier data prior to filtering. 

For 2D lines, PC-DMIS filters the deviations in a plane parallel to the workplane. 
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For 3D lines, PC-DMIS filters the deviations in two planes perpendicular to each other, both 
planes containing the line. PC-DMIS filters these deviations in 3D. 

 

Constructing a Cast Line 
A line can be constructed by changing any given feature into a line. PC-DMIS will construct the 
line at the centroid of the input feature. 

You can modify the length of the line; this changes the line from DEPENDENT to 
INDEPENDENT. This means that when the line is executed that the length will not change based 
on the input feature, but will be independent of the input feature, while the position and vector will 
remain dependent on the input feature. This allows you to have control over the line length in 
cases where the input feature doesn’t really have a length, such as a point. The 
DEPENDENT/INDEPENDENT field is a toggle field that you may change. 

To change the length of a line: 
1. Open the Edit window. 
2. Click on the line feature. 
3. Press the TAB key until the length field is selected. 
4. Type in a new length. 
5. Press TAB. PC-DMIS will update the length. 

PC-DMIS will use this length value for all calculations instead of using a default length. 

To construct a Cast Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Cast option. 
3. Enter in one feature of any type. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/LINE,CAST,feat_1,length,(DEPENDENT | INDEPENDENT) 

 

Constructing a Line from a Cylinder 
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Constructing an Intersect Line 
A line can be constructed at the intersection of two planes. 

To construct an Intersect Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Intersect option. 
3. Enter in the first feature. It must be a plane. 
4. Enter in the second feature. It must be a plane. 
5. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/LINE,INTOF,feat_1,feat_2,length 

 
A - Line constructed at the intersection of two planes (PLN1 and PLN2). 

Constructing a Line from Two Planes 

  

 

Constructing a Mid Line 
A mid line can be constructed between a line (cone, slot, cylinder, or plane) and a line (cone, slot, 
cylinder or plane). PC-DMIS creates a line (mid line) such that each of its points is the same 
distance from both input lines. You can construct mid lines from lines that are parallel as well as 
lines with any angle between them. The lines do not have to intersect. 
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The mid line centroid is a point on the line segment between the centroids of the input lines that is 
the same distance from both lines (it is not necessarily the midpoint of the line segment). 

The direction of the mid line vector depends on the location of the mid line centroid and on the 
two input vectors, with the sense of the mid line vector determined by the first line vector. 
Expressed mathematically, if the first line vector is V1 and the second line vector is V2 then the 
direction of the mid line vector is generally either V1 + V2 or V1 - V2. 

To construct a Mid-Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Mid option. 
3. Enter in the first feature. It must be either a line, cone, cylinder, or slot. 
4. Enter in the second feature. It must be either a line, cone, cylinder, or slot. 
5. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/LINE,MID,feat_1,feat_2,length 

 
A - Constructed line (a mid line) equally spaced between two lines (FRONT and BACK). 
B - FRONT 
C - BACK 

Constructing a Mid Line from 2 Lines 

  

 

Constructing a Parallel Line 
A line can be constructed parallel to any two features. PC-DMIS creates a line parallel to the first 
input feature and passing through the center of the second input feature. 

To construct a Parallel Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Parallel option. 
3. Select two features of any type. 
4. Click the Create button. 
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The Edit window command line for this option would read: 
CONSTR/LINE,PLTO,feat_1,feat_2,length 

 
A - Line constructed parallel to the first feature and through the second feature. 
B - First feature 
C - Second feature 
D - FRONT 

Constructing a Parallel Line 

  

 

Constructing a Perpendicular Line 
A line can be constructed perpendicular to the first input feature and passing through the centroid 
of the second input feature. 

To construct a Perpendicular Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Perpendicular option. 
3. Select two features of any type. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/LINE,PRTO,feat_1,feat_2,length 
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A - Line constructed perpendicular to the first feature and through the center of the second 
feature. 
B - First feature 
C - Second feature 
D - FRONT 

Constructing a Perpendicular Line 

  

 

Constructing a Projected Line 
A line can be constructed from any feature and a plane. PC-DMIS will project the line where the 
plane intersects the line. If there is only one input feature, the projection will be to the work plane. 

To construct a Projected Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Projection option. 
3. Select either one or two features. The first feature may be of any type. If two features are 

selected, the second feature must be a plane. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/LINE,PROJ,feat_1,(feat_2),length 

 
A - Constructed Line projected from the a line feature (LIN1) onto a plane feature (PLN1). 
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Constructing a Line from a Line and a Plane 

  

 

Changing the Direction of a Line 
A line can be constructed with a reversed vector. 

To construct a Reverse Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Reverse option. 
3. Select one feature. It must be a line or an axial feature. 
4. Click the Create button. PC-DMIS reverses the vector of the line and also flips the start 

and end points. 

The Edit window command line for this option would read: 
CONSTR/LINE,REV,feat_1,length 

Constructing a Line from Part of a Scan 
 

A line can be constructed from a segment of a Linear Open or Linear Close scan. PC-DMIS will 
create a line from part of the scan. The details of the construction are included further in this 
discussion. 

To construct a Scan Segment Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Scan Segment option. 
3. Select a previously created Linear Open or Linear Close scan. 
4. Click the Segment Data button. The Scan Segment dialog box will appear. 
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5. Select either the Best Fit or BF Recomp option. 
6. Select the portion of the scan used in the construction from this dialog box. 
7. Type the number of points to potentially discard by entering values in the Discard Start 

and Discard End Maximum boxes. 
8. Type a distance from the best fit line into the Discard Tolerance box. This tolerance is a 

form tolerance; it allows you to control what end points are accepted as part of the line. If 
the distance from the scan point to the best fit line is greater than this tolerance value, 
then the end point will be discarded. 

9. Input the Approximate Start and End Points of the scan by marking the Select Points 
check box, and then clicking in the Graphic Display window to fill in the X, Y, and Z fields. 
You can click anywhere in the Graphic Display window, however, PC-DMIS will place the 
point on the scan nearest to where you clicked. You can also edit the point values by 
using the keyboard. 

10. Click OK to accept the data and close the Scan Segment dialog box. 
11. Click Create to construct the line from the scan. 

The Edit window command line for this option reads: 

CONSTR/LINE,SCAN_SEGMENT,fit_type,feat_1,start_x,start_y,start_z,end_x,end_y,end_z,
discard_start,discard_end,tolerance 

If you want more than one arc or line from a given scan, then you will need to add another 
command for a different section of the scan. 

 

Determining the Data Used to Construct the Line 

The data used to construct the line is determined as follows:  
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• First a segment of the scan is determined using a starting point and an ending point 
within the scan. The starting and ending point are chosen as the point in the scan nearest 
[start_x, start_y, start_z] and the point nearest [end_x, end_y, end_z], 
respectively.  

• Points are then discarded from the Start and End Points of the scan. The number of 
points discarded is discard_start and discard_end from the start and end, 
respectively. A line is then fitted to this set of points.  

• Finally, the starting and ending points are added back in if they are within the tolerance 
defined. The line is then re-fitted once more to the new set of points. 

The value of fit_type may be BF (Best Fit) or BFRE (Best Fit Recompensate). This determines 
whether a best fit or best fit with recompensation is done when calculating the line. For a 
description of Best Fit and Best Fit Recompensate, see "Constructing a Best Fit or Best Fit 
Recompensate Line" 

Constructing an Offset Line 
 

An offset line is constructed between the input features and then offset by specified distances 
from the input features. 

To construct an Offset Line: 
1. Access the Construct Line dialog box (Insert | Feature | Constructed | Line). 
2. Select the Offset option. 
3. Select at least two features from which to create the offset line. They can be of any type. 
4. Click the Offsets button. The Line Offsets dialog box appears. 

 
Line Offsets dialog box 

5. Choose either to calculate the nominals from the offsets, or calculate the offset value 
from the specified nominal values. 

• To calculate the nominals from the offset values, click the Calculate nominals 
option, and then in the Offset field, type offset values for the desired features, 
and then click Calculate. 

• To calculate the offsets, Calculate offsets option, modify the nominal values, 
and then click Calculate. For more information, see the procedures below. 
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6. Click the OK button to close the Line Offsets dialog box. 
7. Click the Create button to create the constructed offset line based on your values. 

Note: The offset values cannot exceed the distance between the input features. If it does, PC-
DMIS cannot solve the offset line, and instead constructs a line without any offsets between the 
first and last feature. 

The Edit window command line for this option would read: 
CONSTR/LINE,OFFSET 
SURFACE NORMAL = i_vec, j_vec, k_vec, TOG1 
ID = id1, id2, … 
OFFSET = val1, val2, … 

TOG1 = changes between MULTI POINT and TWO POINT. For new constructions, you should 
use MULTI POINT. 

• MULTI POINT - This newer algorithm is the default algorithm used whenever you 
construct a new offset line. It constructs the offset line between the selected input 
features. You can specify offset values from any of the features. 

• TWO POINT - This older algorithm is retained to support measurement routines from old 
PC-DMIS versions. It constructs the offset line between two input features. The offset 
value for the first feature must always be zero. Also, the way the positive or negative 
signs function is opposite how it works for MULTI POINT. 

How It Works 
Consider these statements along with the pictures below: 

 PC-DMIS makes all offsets in a direction perpendicular to the given surface normal 
direction. 

 PC-DMIS attempts to construct the line starting at the first input feature and ending at the 
last input feature. 

 An offset value basically results in an imaginary circle drawn around each input feature's 
centroid by that value. 

 PC-DMIS attempts to construct a line tangent to the imaginary circle around each input 
feature's offset radius. A tangent line touches the circle at only one point. 

 In cases where more than two input features are used and they have varying offset 
values, PC-DMIS cannot construct a line tangent to all the offsets; instead, it tries to 
accommodate the offsets as best it can with a best fit line. 

 PC-DMIS constructs a line so that the shortest distance from each input feature to the 
line is the corresponding offset amount. 

 The offsets signs are determined by the direction of the line. 

Suppose you have two points as input features, and the second point has an offset value: 



Constructing New Features from Existing Features 

39 

 

1. The first point 
2. The second point 
3. The resulting line if no offset is defined 
4. The offset distance (radius) from the feature's center that results in an imaginary circle 

around the feature 
5. The constructed line from starting feature tangent to the imaginary circle 

For example, suppose you have four points as your input features, and each point has a different 
offset value, as indicated by their circles. PC-DMIS constructs a best fit line that is tangent to 
those circles, as indicated in this diagram: 

 

A positive or negative value on the offset determines on what side of the circle the line is 
constructed. For example, suppose you reverse the signs on all the offsets, from positive to 
negative, you might end up with something similar to this: 

 

Note: If you get a line opposite from what you expected, cancel the feature and reconstruct it, 
and try reversing the sign of the offsets values. 

Examples 
Here are some examples: 
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Example 1 - F1 and F2 are the inputs. Both have offsets that are set to zero: 

 

  

Example 2 - F1 and F2 are the inputs. The F1 offset is set to 0. The F2 offset is set to 25: 

 

  

Example 3 - F1 and F2 are the inputs. The F1 offset is set to 0. The F2 offset is set to -25: 
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Example 4 - F1 and F2 are the inputs. Both offsets are set to -25: 
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Changing Offsets Directly to Calculate Nominals 

To enter new offset values: 

1. Click the Offset button from the Construct Line dialog box (Insert | Feature | 
Constructed | Line) to open the Line Offsets dialog box. 

2. From the Line Offsets dialog box, select the Calculate nominals option. The offsets 
portion of the dialog box becomes editable. 

3. In the Offset column, click on a 0.000000 value to highlight it. 
4. Click again on the offset so you can edit it. 
5. Type a new value and press the Enter key to accept the value. 
6. If desired, modify the other offset. 
7. Click the Calculate button to update the nominal values based on your offset values. 
8. Click OK to save the offset. 

 

Example of Calculating Nominals 

The Calculate button calculates the X, Y, and Z nominal values from new offsets entered. 

For example, suppose you construct an offset line between two circles (CIR1 and CIR2). After 
selecting the features and clicking the Offsets button, you have X, Y, and Z nominals of: 

X = 4.5040 

Y = 3 

Z = 0.1582 

If you change the offset values by two for each circle and click the Calculate Noms button, the X, 
Y, and Z are updated to: 

X = 4.5040 

Y = 5 

Z = 0.1582 

If you then click OK and construct the offset line, you'll notice that the newly constructed line lies 
2 units higher in the Y axis. 

Only the Y axis is offset for line offsets. 

Changing Nominals Directly to Calculate Offsets 

To enter new offset values: 
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1. Click the Offset button from the Construct Line dialog box (Insert | Feature | 
Constructed | Line) to open the Line Offsets dialog box. 

2. Select the Calculate offsets option. The nominals portion of the dialog box becomes 
available to edit. 

3. Change the XYZ, IJK, or Surface IJK values. 
4. Click the Calculate button to update the offset values based on any nominals you've 

changed. 
5. Click OK to save the offset. 

 

Example of Calculating Offsets 

The Calculate Offsets button calculates the offset values appearing in the Offset column when 
you change the nominal value. 

For example, suppose you construct an offset line between two circles (CIR1 and CIR2). After 
selecting the features and clicking the Offsets button, you have X, Y, and Z nominals of: 

X = 4.5040 

Y = 3 

Z = 0.1582 

If you change the X, Y, and Z nominals to: 

X = 4.5040 

Y = 4.5 

Z = 0.1582 

and click the Calculate Offsets button; the offsets for the two circles are updated to: 

1.500000 CIR1 

1.500000 CIR2 

If you then click OK and construct the offset line, you'll notice that the line is constructed at 1.5 
units higher in the Y axis. 

 

Variations 
The first example shown below is of the Edit window when the user switches TOG4 to BND. The 
first x, y, z indicates the first point on the line. The second x, y, z indicates the ending point on the 
same line. The last value represents the theoretical or actual length of the line. 
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The unbounded line format is displayed in the second example. 

feature_name=FEAT/LINE,TOG1,BND 
THEO/x_cord,y_cord,z_cord,x_cord,y_cord,z_cord,length 
ACTL/x_cord,y_cord,z_cord,x_cord,y_cord,z_cord,length 
CONSTR/TOG2,TOG3,...,length 

feature_name=FEAT/LINE, TOG1,UNBND 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec 
CONSTR/TOG2,TOG3,... 

Constructing a Plane Feature 
 

 
Construct Plane dialog box 

There are several methods for constructing a plane using PC-DMIS. The following table lists the 
various types of constructed planes, along with their necessary inputs. Some features may 
require no inputs, while others may require three inputs or more. In the following table, the term 
'Any' indicates that the construction can take any type of feature as input for construction. PC-
DMIS allows the features to be selected in any order. 

CONSTRUCT 
FEATURE 

TYPE 

SYMBOL IN 
EDIT 

WINDOW 

#  OF 
INPUT 
FEATS 

FEAT #1: FEAT 
#2: 

FEAT 
#3: COMMENTS 

Auto Plane - - - - - See "Auto Plane 
Construction". 
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Alignment 
Plane ALIGN 0 - - - 

Constructs 
plane at 
alignment origin. 

Best Fit Plane BF 
At least 3 
inputs are 
needed. 

- - - 

Constructs best 
fit plane using 
inputs. See the 
Note below for 
recommended 
inputs. 

Best Fit with 
Recomp Plane BFRE 

At least 3 
inputs are 
needed. 
(1 must be 
a point) 

- - - 

Constructs best 
fit plane using 
inputs. See the 
Note below for 
recommended 
inputs. 

Cast Plane CAST 1 Any - - 
Constructs 
plane at centroid 
of input feature. 

High Point 
Plane HIPNT 

Either 1 
set (using 
a 
minimum 
of 3 
features) 
or 1 scan. 

If input is a 
set, use 
any; if 
input is a 
scan, use 
a Patch 
scan. 

- - 

Constructs 
plane using the 
highest available 
points. 

Mid Plane MID 2 Any Any - 

Constructs mid 
plane between 
centroids of the 
inputs 

Offset Plane OFFSET 3 or 1 

Any (1 of 
3) 

Or plane 
feature  if 
only 1 
input. 

Any 
(2 of 
3) 

Any 
(3 of 
3) 

Builds plane 
offset from the 
input features 
(or from single 
plane feature). 

Parallel Plane PLTO 2 Any Any - 

Constructs 
plane parallel to 
first feat and 
passing through 
second feature. 

Perpendicular 
Plane PRTO 2 

Line or 
Axis 
Element 

Any - 

Constructs 
plane 
perpendicular to 
first feature and 
passing through 
second feature. 

Reverse Plane REV 1 Plane - - Constructs 
plane passing 
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through input 
with reversed 
vector. 

Translated 
Plane TRANSLATED 1 Plane with 

point data - - 

Constructs a 
plane at an 
offset from the 
input plane. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can use any 
feature type for your input features, BF and BFRE fit types are typically used with point features 
or point sets (a scan of points, a feature set with points, or an expression that resolves to an array 
of points). 

To construct a plane: 
1. Open the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. From the list on the right, select the desired input features. 
3. From the drop-down list on the left, select the method of construction. Available options 

include: 

• Auto Plane 
• Alignment Plane 
• Best Fit or Best Fit Recompensate Plane 
• Cast Plane 
• Mid Plane 
• Perpendicular Plane 
• Parallel Plane 
• Reverse Plane 
• High Point Plane 
• Offset Plane 
• Translated Plane 

4. Click the Create button. 

The Edit window command line for a sample Plane Construction would read: 
feature_name=FEAT/PLANE,TOG1 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec 
CONSTR/TOG2,TOG3,...... 

If TOG2 = PLANE and TOG3 = BF or BFRE then the command has the following format:  
feature_name=FEAT/PLANE,TOG1 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec 
CONSTR/PLANE,TOG3 
OUTLIER_REMOVAL/TOG5,stdDevMultiplier 
FILTER/TOG5,WAVELENGTH= cutoffWavelength 

Note: The actual Edit report will be displayed in all CAPS. 
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AUTO is the default method of construction. This option automatically determines the best way to 
construct a plane using the input feature(s). See "Auto Plane Construction". 

TOG1= POLR or CARTESIAN 

TOG2 = PLANE 

TOG3 = ALIGN / BF / BFRE / CAST / HIPNT / MID / OFFSET / PLTO / PROJ / PRTO / REV / 
TRANSLATED 

TOG5 = ON / OFF 

stdDevMultiplier = This multiplier value determines whether or not a measured point is an 
outlier. If the point from the plane is further than the standard deviation multiplied by this, then 
it is an outlier and will be removed if you have selected the Remove Outlier option. 

cutoffWavelength = This value controls the amount of data smoothing. The longer the 
wavelength the more smoothing there will be. 

The first three lines displayed in the Edit window will be the same for constructed planes. The 
fourth line will be slightly different, according to the type of feature being constructed. You can 
switch between the different types of planes by placing the cursor on TOG3 and pressing F7 or 
F8. (See "Command Mode Keyboard Functions" in the "Using the Edit Window" chapter.) 

When two or more features are involved, PC-DMIS automatically determines the necessary order 
of the input features. This improves the accuracy of the measurement process. 

The following subtopics describe the available options for constructing a plane: 

  

Using the Display Area 

 

Display area for Constructed Features (left) and  Measured Features (right) 

This area defines how the plane feature is drawn in the Graphic Display window. It contains these 
options: 

None - No drawing takes place, just the ID appears in the Graphic Display window. 
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Triangle - The plane is drawn as a shaded triangle. The size depends on the hits making 
up the plane. 

 

Outline - The plane is drawn as an outline from all the hits and a filled surface is 
displayed. The size depends on the hits making up the plane. 
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Note: The Display Outline of Plane or Do Not Display Plane options in the General tab of the 
Setup Options dialog box (Edit | Preferences | Setup) define the default display state for future 
measured or constructed planes. They do not affect the display state of existing planes. 

 

Auto Plane Construction 
The following indicates the type of plane that will be constructed when the specified inputs are 
selected and the Auto option is chosen. The order of the selected features is not important. If an 
incorrect input feature is selected, PC-DMIS displays an error message and does not 
automatically construct the indicated feature type. 

The following list shows what constructed feature type is created based on the input feature 
selected: 

3 or more features that aren't all measured points = Best Fit Plane 

1 plane = Reverse Plane 

Any 1 feature (except Plane/Set) = Cast Plane 

Any 1 Set = Best Fit Plane 

All are measured Points = Best Fit Recompensate Plane 

To allow PC-DMIS to automatically determine the best method of construction: 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select the Auto option from the list of options. 
3. Select the desired feature(s) based on the table below. 
4. Click the Create button. 

 



Constructing New Features from Existing Features 

50 

Constructing a Plane from an Alignment 
A plane can be constructed through the current origin and parallel to the current work plane. 
(Input features do not need to be provided.) 

To construct an Alignment Plane: 

1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select the Alignment option. 
3. Do not select any features. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/PLANE,ALIGN 

 
A - Plane constructed parallel to the top (XY+Z) work plane and through the origin. 
B - Origin (0,0,0) 
C - Current work plane 

Constructing a Plane from an Alignment  

  

Constructing a Best Fit or Best Fit Recompensate Plane 
 

A 'best fit ' plane can be constructed through three or more features. The best fit construction 
method takes the actual measured points, rather than the ball's center (as in the case of best fit 
recompensate). In both cases PC-DMIS computes a least squares plane, one for which PC-DMIS 
minimizes the average squared perpendicular distance from the data points to the plane. 
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To Construct a Best Fit or a Best Fit Recompensate Plane: 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select either the Best Fit or BF Recomp option. 
3. Select at least three features. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can 
use any feature type for your input features, BF and BFRE fit types are typically used with 
point features or point sets (a scan of points, a feature set with points, or an expression 
that resolves to an array of points). 

Note: If you choose Best Fit Recompensate at least one feature must be a point. 

4. Click the Create button. 

The Edit window command line for this option would read: 

CONSTR/PLANE,BF,feat_1,feat_2, … 

OUTLIER_REMOVAL/(ON | OFF),stdDevMultiple 

FILTER/(ON | OFF), WAVELENGTH=cufoffWavelength 

(Uses the actual measured points for construction.) 

or 

CONSTR/PLANE,BFRE,feat_1,feat_2, … 

OUTLIER_REMOVAL/(ON | OFF),stdDevMultiple 

FILTER/(ON | OFF), WAVELENGTH=ctfoffWavelength 

(Uses the probe's center for measurement purposes.) 

 
A - Best fit plane constructed from four points (PNT1, PNT2, PNT3, and PNT4). 

Constructing a Plane from Three or More Points 
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Remove Outliers / Standard Deviation Multiple 

For a Best Fit (BF) or Best Fit Recompensate (BFRE) plane you can choose to remove outliers 
based on the distance from the best fit feature. This allows the removal of anomalies that arise in 
the measurement process. 

PC-DMIS first fits a plane to the data, then determines which points are outliers based on the 
standard deviation multiple. It then does the following: 

1. Recalculates the best fit plane with those outliers removed. 
2. Checks for outliers again. 
3. Recalculates the best fit plane. 
4. Continues repeating this process until no more outliers exist or until PC-DMIS cannot 

compute the plane (PC-DMIS can't compute the plane if there are fewer than 3 data 
points). 

Apply Gauss Filter / Cutoff Wavelength 

The Best Fit (BF) and Best Fit Recompensate (BFRE) constructed planes have the option of 
filtering the deviations of the measured data points from the best fit plane computed from the 
measured data. 

Apply Gauss Filter - If you mark this check box, it applies a Gaussian filter with a cutoff 
wavelength. Generally, a larger cutoff wavelength produces smoother filtered data.  

Remove Outliers - If you mark this check box and you are filtering the data, it removes 
outlier data prior to filtering. For additional information on Gaussian filtering, see the 
"Gaussian" topic under "Constructing a Filter Set". 

 

Constructing a Cast Plane 
A plane can be constructed by changing any feature into a plane. PC-DMIS will construct the 
plane at the centroid of the input feature. 

To Construct a Cast Plane 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select the Cast option. 
3. Select one feature of any type. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/PLANE,CAST,feat_1 

 



Constructing New Features from Existing Features 

53 

Constructing a Mid Plane 
A plane can be constructed from any two features. The resultant plane (mid plane) is equally 
spaced from the centroids of the two specified input features. 

To construct a Mid Plane: 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select the Midplane option. 
3. Select two features of any type. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/PLANE,MID,feat_1,feat_2 

 
A - Constructed plane equally spaced between two planes (PLN1 and PLN2). 

Constructing a Plane from Two Planes 

The constructed plane and it's vector depends on the input features used: 

• If you select planes for both input features, then the mid plane is located where it bisects 
the smaller included angle between the two input planes. 

• If you don't select a plane for both input features, then the constructed mid-plane passes 
through the point midway between the centroids of the two input features. The 
constructed plane's vector runs from the first input feature's centroid to the second input 
feature's centroid. 
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Constructing a Perpendicular Plane 
A plane can be constructed between supported features. PC-DMIS creates a plane perpendicular 
to the first input feature and passing through the centroid of the second input feature. 

To construct a Perpendicular Plane: 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select the Perpendicular option. 
3. Select the first feature type. This must be a plane, line, or axis element. 
4. Select a second feature of any type. 
5. Click the Create button. 

The Edit window command line for this option reads: 
CONSTR/PLANE,PRTO,feat_1,feat_2 

 
A - Plane constructed perpendicular to a cylinder feature (CYL1) and through a High Point 
feature (PNT1). Note that CYL1 contains an axis element. 

Constructing a Perpendicular Plane 

By default, the vector of the constructed plane is calculated based on the vector from the first 
feature to the second feature. You may not always want this. The Coplaner with line check box 
lets you specify how PC-DMIS calculates the vector of the resulting plane. This check box 
becomes enabled for selection only when the following conditions are met: 

• The first feature must be a plane type feature (plane, circle, or slot). 
• The second feature must be a line type feature (line, cylinder, or cone). 
• The vectors of the two features must not be parallel. 

If you mark this check box, PC-DMIS constructs the resulting plane to be coplaner with the 
second feature. 
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Constructing a Parallel Plane 
A plane can be constructed parallel to any two features. PC-DMIS creates a plane parallel to the 
first input feature and passing through the centroid of the second input feature. 

To construct a Parallel Plane: 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select the Parallel option. 
3. Select two features of any type. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/PLANE,PLTO,feat_1,feat_2, 

Example 1: 

 
A - Plane constructed parallel to the first feature, a plane (PLN1) and through the second 
feature, a circle (CIR2). 

Constructing a Parallel Plane Using Two Planes 

Example 2: 
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A - Plane constructed through the first feature, a line (LINE1) and parallel to a second line 
(LINE2). 

Constructing a Parallel Plane Using Two Lines 

  

 

Changing the Direction of a Plane 
A plane can be constructed with a reversed vector. 

To construct a Reverse Plane: 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select the Reverse option. 
3. Select one feature. It must be a plane. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/PLANE,REV,feat_1 

  

 

Constructing a High Point Plane 
PC-DMIS is only able to construct a High Point Plane from a set of features. The set must contain 
at least three features. 

A High Point plane can be constructed using features forming a set or a patch scan. 
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To construct a High Point Plane: 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select the High Point option. 
3. Select three or more features (any feature type may be used). A set using at least three 

features or a patch scan can also be used. See "Constructing a Set of Features" or 
"Performing a Patch Advanced" in the "Scanning Your Part" chapter. 

4. Click the Create button. 
5. First, PC-DMIS will construct a Best Fit plane from the input features. Next, PC-DMIS 

rotates to the Best Fit plane. It then finds the highest three points on this plane (from the 
selected features) and uses them to create the high point plane. 

The centroid of the input features used to construct the high point plane defines the center of 
gravity. PC-DMIS automatically creates a second plane if the first high point plane doesn't include 
the center of gravity. 

The Edit window command line for this option would read: 
CONSTR/PLANE, HIPNT,feat_1, feat_2, feat_3,… 

 
A - Input Features 
B - High point plane (using highest points) 
C - Second high point plane created to include center of gravity 
D - Center of Gravity 

Constructing a High Point Plane 

  

Constructing an Offset Plane 
 

A plane can be constructed a specified distance from the input feature or features.   

To construct an Offset Plane: 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select the Offset option. 
3. Select a single plane feature or at least three features of any type. 
4. Select the Offsets button. The Plane Offsets dialog box will appear. 
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Plane Offsets dialog box 

5. Click the Calculate Noms option and enter the offset values for the input feature or 
features in the offset field, or click the Calculate Offsets option and change the nominal 
values (see the procedures below). 

6. Click Calculate to calculate either the nominal values or the offset values. 
7. Click the OK button. The Plane Offsets dialog box will close. 
8. Click the Create button. PC-DMIS creates the offset plane based on the input feature or 

features. 

Using a Single Plane Input Feature 
PC-DMIS creates a parallel plane at the offset distance. 

The Edit window command line for this option would read: 

CONSTR/PLANE,OFFSET 
ID=id1,,, … 
OFFSET=val1… 

Using Three Input Features 
PC-DMIS iterates and constructs a plane such that the shortest distance from each input feature 
to the plane is the corresponding offset amount. PC-DMIS applies negative offsets in the same 
general direction that the points are measured. Positive offset values are applied opposite the 
probing direction. If there is no probing direction (for example, the input points were constructed), 
PC-DMIS uses the current work plane to determine the general direction for applying the offsets. 
Positive offsets are applied in the plus direction of the third axis of the current work plane. 
Negative offsets are applied in the minus direction of the third axis of the current work plane. 

Note: The sign (positive or negative) of the offset value, controls on which side of the input 
features the plane is constructed. If you get the opposite plane than was expected, cancel the 
feature and reconstruct it, reversing the sign of the keyed in offsets. For example, if the offsets 
are 1.0, 2.5, 3.5, change them to -1.0, -2.5, -3.5. 

The Edit window command line for this option would read: 

CONSTR/PLANE,OFFSET 
ID=id1, id2, id3, … 
OFFSET=val1, val2, val3, … 

Changing Offsets Directly to Calculate Nominals 

To enter new offset values: 
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1. Open the Plane Offsets dialog box by clicking the Offsets button from the Construct 
Plane dialog box (Insert | Feature | Constructed | Plane). 

2. In the Offset column, click on the 0.000000 value (or current value) to select it. 
3. Type a new value. 
4. Press the Enter key. 
5. Click Calculate to update the nominal values based on any offset(s) you chose. 
6. Click OK to save the offset. 

Example of Calculating Nominals 

The Calculate Noms button calculates the X, Y, and Z nominal values from new offsets entered. 

For example, suppose you construct an offset plane between three circles (CIR1, CIR2, and 
CIR3). After selecting the features and clicking the Offsets button, you have X, Y, and Z nominals 
of: 

X = 6 

Y = 2 

Z = 0.95 

If you change the offset values by 3.0 for each circle and click the Calculate Noms button, the X, 
Y, and Z are updated to: 

X = 6 

Y = 2 

Z = 3.95 

If you then click OK and construct the offset line, you'll notice that the newly constructed line lies 
3.0 units higher in the Z axis. 

Plane offsets only apply the offset in the Z axis. 

 

Changing Nominals Directly to Calculate Offsets 

To enter new offset values: 

1. From the Construct Plane dialog box (Insert | Feature | Constructed | Plane), click 
Offsets to open the Plane Offsets dialog box. 

2. Select the Calculate offsets option. The nominals portion of the dialog box becomes 
editable. 

3. Change the XYZ or IJK values. 
4. Click Calculate to update the offset values based on any nominals you've changed. 
5. Click OK to save the offset. 
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Example of Calculating Offsets 

The Calculate Offsets button calculates the offset values appearing in the Offset column when 
you change the nominal value. 

For example, suppose you construct an offset plane between three circles (CIR1, CIR2, and 
CIR3). After selecting the features and clicking the Offsets button, you have X, Y, and Z nominals 
of: 

X = 6 

Y = 2 

Z = 0.95 

If you change the X, Y, and Z nominals to: 

X = 6 

Y = 2 

Z = 3.95 

and click the Calculate Offsets button, the offsets for the three circles are updated to: 

3.000000 CIR1 

3.000000 CIR2 

3.000000 CIR3 

If you then click OK and construct the offset line, you'll notice that the plane is constructed at 3.0 
units higher in the Z axis. 

Constructing a Translated Plane 
You can construct a Translated Plane feature from another input plane feature. The input plane 
feature must contain point data. Valid plane features with point data are Constructed Best Fit 
(BF), Constructed Best Fit Recompensate (BFRE), Measured, or Auto plane features. Invalid 
plane features do not contain point data (such as Cast, Mid, or Perpendicular). 

PC-DMIS moves the translated constructed plane from the input plane in the direction of the input 
plane vector based on the calculation method: 

• If you choose Maximum Deviation, PC-DMIS translates the plane to the maximal 
deviation point. 

• If you choose Standard Deviation, PC-DMIS calculates the translation by multiplying 
standardDeviationMultiple by the standard deviation. 
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The Translated Plane is offset from the input plane by the maximum deviation. The Standard 
Deviation plane is similarly offset, but the distance is a multiple of the standard deviation, as 
described above. 

 
In this figure, the light blue plane represents the input feature, the black plane represents the 
maximum deviation plane, and the red arrow represents the maximum deviation. 

To Construct a Translated Plane: 
1. Access the Construct Plane dialog box (Insert | Feature | Constructed | Plane). 
2. Select Translated Plane from the drop-down list. 
3. Select the input feature from the list on the right. This must be a plane feature with point 

data. 
4. Select the calculation method: Maximum Deviation or Standard Deviation. 
5. If the calculation method is Standard Deviation, type the Standard Deviation Multiple. 
6. Click Create to insert the constructed Translated Plane command into the Edit window. 

The Edit window command line for this option reads: 
CONSTR/PLANE,TRANSLATED,feat_1, 
METHOD/( MAXIMUM_DEVIATION | STANDARD_DEVIATION), 
standardDeviationMultiple 

Constructing a Circle Feature 
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Construct Circle dialog box 

There are several ways to construct a circle using PC-DMIS. The following table lists the various 
types of constructed circles, along with their necessary inputs. Some features may require no 
inputs while others may require three inputs or more. The term 'Any' in the following table 
indicates that the construction can take any type of feature as input for construction. PC-DMIS 
allows the features to be selected in any order. 

CONSTRUCT 
FEATURE 

TYPE 
SYMBOL IN EDIT 

WINDOW 
#  OF 
INPUT 
FEATS 

FEAT 
#1: 

FEAT 
#2: 

FEAT 
#3: COMMENTS 

Auto Circle - - - - - 
See "Auto 
Circle 
Construction". 

Best Fit Circle BF 

At least 
3 inputs 
are 
needed. 

- - - 

Constructs 
best fit circle 
using given 
inputs. See 
the Note 
below for 
recommended 
inputs. 

Best Fit with 
Recompensate 
Circle  

BFRE 

At least 
3 inputs 
are 
needed. 
(1 must 
be a 
point) 

- - - 

Constructs 
best fit circle 
using given 
inputs. See 
the Note 
below for 
recommended 
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inputs. 

Intersect Circle INTOF 2 

Circle, 
Sphere, 
Cone, or 
Cylinder 

   

  

Plane   

- 

Constructs 
circle at the 
intersection of 
a circular feat 
with a plane, 
cone, or 
cylinder 

Plane 

  

Circle, 
Sphere, 
Cone, 
or 
Cylinder 

Cone Cone or 
Cylinder 

Cylinder Cone 

Cast Circle CAST 1 Any - - 

Constructs 
circle at 
centroid of 
input feature 

Project Circle PROJ 1 or 2 Any Plane - 

1 input feature 
will project 
circle to work 
plane 

Reverse Circle REV 1 Circle - - 

Constructs 
circle with a 
reversed 
vector 

Tangent 2 
Lines TANLINES 2 Line Line - 

Constructs 
circle tangent 
to the two 
lines at a 
given 
diameter. 

Tangent 3 
Lines TANLINES 3 Line Line Line 

Constructs 
circle tangent 
to the three 
lines. 

Tangent 3 
Circles TANCIRCLES 3 Circle Circle Circle 

Constructs 
circle tangent 
to the three 
circles. 

Scan Segment 
Circle  SCAN_SEGMENT 1 Scan - - 

Constructs 
arc from a 
part of a 
Linear Open 
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or Linear 
Close scan. 

Scan Minimum SCAN_MINIMUM 1 Scan 
Minimum - - 

Constructs a 
2D circle of a 
given radius 
at a minimum 
point along a 
linear scan 

Cone Circle - 
also known as 
Gage 
Diameter 

CONE 1 Cone - - 

Constructs 
circle at the 
specified 
diameter or 
height of the 
cone 

Sphere Circle SPHERE 1 Sphere - - 

Constructs 
circle at the 
specified 
diameter or 
height of the 
sphere 

Cylinder Circle CYLINDER 1 Cylinder - - 

Constructs 
circle at the 
specified 
diameter or 
height of the 
cylinder 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can use any 
feature type for your input features, BF and BFRE fit types are typically used with point features 
or point sets (a scan of points, a feature set with points, or an expression that resolves to an array 
of points). 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To construct a circle: 
1. Open the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Enter the desired features. 
3. Select the In or Out option. 
4. Select the method of construction. Available options include: 

• Auto Circle 
• Best Fit or Best Fit Recompensate Circle 
• Intersect Circle 
• Cast Circle 
• Projected Circle 
• Reverse Direction Circle 
• Tangent 2 Lines 
• Tangent 3 Lines 
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• Tangent 3 Circles 
• Scan Segment 
• Scan Minimum Point 
• Circle from a Cone 
• Circle from Sphere 
• Circle from Cylinder 

Auto is the default method of construction. See "Auto Circle Construction". 

5. Some circle types have additional options or items that appear in the dialog box when 
selected. Select or use these options as needed. 

6. Click the Create button. 

The Edit window command line for a sample Circle Construction would read:  
feature_name=FEAT/CIRCLE,TOG1,TOG4,TOG5 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,diam 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,diam 
CONSTR/TOG2,TOG3 

If TOG2 = CIRCLE and TOG3 = BF or BFRE then the command has the following format: 
feature_name=FEAT/CIRCLE,TOG1,TOG4,TOG5 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,diam 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,diam 
CONSTR/CIRCLE,TOG3,TOG7,feat_1,feat_2, … 
OUTLIER_REMOVAL/TOG6, stdDevMultiplier 
FILTER/TOG6, UPR =cutoffFrequency 

Note: The actual Edit report will be displayed in all CAPS. 

TOG1= POLR or RECT 

TOG2 = CIRCLE 

TOG3 = BF / BFRE / CAST / CONE / INTOF / PROJ / REV / TANLINES / TANCIRCLES / 
SCAN_SEGMENT 

TOG4 = IN / OUT 

TOG5 = LEAST_SQR / MAX_INSC / MIN_CIRCSC / MIN_SEP / FIXED_RAD (only for 
measured, BF and BFRE circles) 

TOG6 = ON or OFF 

TOG7 = 2D or 3D (This appears only if TOG3 reads BF or BFRE) 

stdDevMultiplier = This multiplier value determines whether or not a measured point is an 
outlier. If the point from the circle is further than the standard deviation multiplied by this, 
then it is an outlier and will be removed if you have selected the Remove Outlier option. 

cutoffWavelength = This value controls the amount of data smoothing. The longer the 
wavelength the more the smoothing. 
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The first three lines displayed in the Edit window will be the same for constructed circles. The 
fourth line will be slightly different, according to the type of feature being constructed. You can 
switch between the different types of circles by placing the cursor on TOG3 and pressing F7 or 
F8. (See "Command Mode Keyboard Functions" in the "Using the Edit Window" chapter.) 

When two or more features are involved, PC-DMIS automatically determines the necessary order 
of the input features. This improves the accuracy of the measurement process. 

The following describe the available options for constructing a circle: 

 

In / Out Circle 

The In and Out options tell PC-DMIS whether to construct the circle as an internal or an external 
circle. 

• If you select In, PC-DMIS constructs the circle as an internal circle. 
• If you select Out, PC-DMIS constructs the circle as an external circle, or pin. 

2D / 3D Circle 

The 2D and 3D options tell PC-DMIS whether to construct the feature as a 2D or 3D circle. These 
options become available if you select Best Fit or BF Recomp options. 

• If you select 2D, PC-DMIS constructs the circle, projecting it onto the work plane. 
• If you select 3D, PC-DMIS constructs a best fit plane from the inputs. Those inputs are 

then projected to the plane and a constructed circle is created from the projected points. 

  

 

Auto Circle Construction 

The list below indicates the type of circle that the software constructs when you select certain 
input features along with the Auto option. The order of the selected features is not important. If 
you select an incorrect input feature or features, PC-DMIS display an error message and does 
not automatically construct the indicated feature type. 

To allow PC-DMIS to automatically determine the best method of construction: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Auto option from the list of options. 
3. Select the desired feature or features based on the table below. 
4. Click the Create button. 

Input Feature List 
Any 1 Set = Best Fit Circle 
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Any 1 Circle = Reverse Circle 

Any 1 Cone (w/ Diameter ) = Cone Circle 

Any 1 Feature (except Circle/Cone/Set) = Cast Circle 

Cone + Cone = Intersect Circle 

Cone + Cylinder = Intersect Circle 

Cone + Plane = Intersect Circle 

Cone + Sphere = Intersect Circle 

Cylinder + Sphere = Intersect Circle 

Plane + Circle = Project Circle 

Plane + Ellipse = Project Circle 

Plane + Line = Project Circle 

Plane + Plane = Project Circle 

Plane + Point = Project Circle 

Plane + Set = Project Circle 

Plane + Slot = Project Circle 

Plane + Sphere = Intersect Circle 

Constructing a Best Fit or Best Fit Recompensate Circle 
 

A "best fit" circle can be constructed from three or more features. The constructed circle's vector 
is normal to the current working plane. The best fit construction method takes the actual 
measured points, rather than the ball's center (as is the case of best fit recompensate). 

To construct a Best Fit Circle or a Best Fit Recompensate Circle: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select either the Best Fit or Best Fit Recompensate option (shown as Best Fit and BF 

Recomp). 
3. Select the type of Best Fit construction from the Best Fit Type list. 
4. Select at least 3 features. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can 
use any feature type for your input features, BF and BFRE fit types are typically used with 
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point features or point sets (a scan of points, a feature set with points, or an expression 
that resolves to an array of points). 

5. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CIRCLE, BF, feat_1, feat_2, … 
OUTLIER_REMOVAL/ (OFF | ON), stdDevMultiple 
FILTER/(OFF | ON), UPR =cutoffFrequency 

 
A - Best fit circle constructed from three or more features (in this example from three or 
more circle features)   

Outlier removal and Filtering are described in these topics below: 

 

Best Fit Type 

 
This list becomes available if you select Best Fit or BF Recomp options when constructing the 
circle. It allows you to specify the type of Best Fit construction used. Available types include: 

• LEAST_SQR 
• MAX_INSC 
• MIN_CIRCSC 
• MIN_SEP 
• FIXED_RAD 

These types are discussed below: 
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LEAST_SQR 
Least Squares - This calculation type provides a method of fitting in which the average squared 
radial distance from the data points to the circle is minimized. The square root of this quantity is 
the Root Mean Square (RMS) distance. Since the RMS distance is based on an average, some 
points may be further than the RMS distance from the computed circle. 

MIN_SEP 
Minimum Separation - This calculation type generates a circle that is halfway between two 
concentric circles containing the data points, with the difference of their radii as small as possible. 
The Min/Max math used by the MIN_SEP calculation minimizes the maximum error, or deviation, 
from the input data to the circle. The Min/Max error is one-half of the minimal separation. No input 
data points (or input features) lie farther than the Min/Max error from the Min/Max circle. This 
calculation determines whether or not all the input data (or input features) are within the given 
tolerances. 

MAX_INSC 
Maximum Inscribed - This calculation type generates an empty circle with the largest possible 
diameter that lies within the data. PC-DMIS first computes a Minimum Circumscribed circle and 
requires that the center of the Maximum Inscribed circle lies within it. This option could be used 
for a circular feature that requires a mating stud. For example, if the input data represents a hole, 
then this calculation returns a circle with the diameter of the largest stud that will fit inside the 
hole. Do not use this calculation type for arcs of less than 90 degrees. 

MIN_CIRCSC 
Minimum Circumscribed - This calculation type generates a circle with the smallest possible 
diameter that encloses the input data (or input features). This option could be used when 
measuring a stud that would fit into a mating circular feature. The resulting feature would be the 
smallest hole into which the stud would fit. Do not use this calculation type for arcs of less than 
180 degrees. 

FIXED_RAD 
Fixed Radius - This calculation type creates a circle of a given diameter, positioned so that the 
maximal radial distance from the data points to the circle is minimized. It is similar to the Max/Min 
math used in the MIN_SEP calculation except that, since the diameter is known in advance, the 
radius cannot vary. Only the circle's position is allowed to vary. 

For legacy Circularity and Cylindricity dimensions as well as a Location dimension's RN Line, the 
feature solution is used to compute the dimension. By default this is Least Squares. However, 
you can choose to solve the feature using Minimum Separation, Maximum Inscribed, Minimum 
Circumscribed, or Fixed Radius regression algorithms. 

FCF Circularity and Cylindricity dimensions on the other hand are computed using the Chebychev 
algorithm (Min/Max) as required by the Y14.5 standard. Because of the change in calculation, 
Circularity and Cylindricity FCF dimensions will generally compute to a slightly smaller value than 
their legacy counterparts. 
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Remove Outliers / Standard Deviation Multiple for a Constructed 
Circle 

For a best fit (BF) or best fit recompensate (BFRE) circle you can choose to remove outliers 
based on the distance from the best fit feature. This allows the removal of anomalies that arise in 
the measurement process. 

PC-DMIS first fits a circle to the data, then determines which points are outliers based on the 
standard deviation multiple. It then does the following: 

• Recalculates the best fit circle with those outliers removed. 
• Checks for outliers again. 
• Recalculates the best fit circle. 
• Continues repeating this process until no more outliers exist or until PC-DMIS cannot 

compute the circle (PC-DMIS can't compute the circle if there are fewer than 3 data 
points). 

 

Apply Gauss Filter / Cutoff Frequency 

The Best Fit (BF) and Best Fit Recompensate (BFRE) constructed circles have the option of 
filtering the deviations of the measured data points from the best fit circle computed from the 
measured data. 

Apply Gauss Filter - If you mark this check box it applies a Gaussian filter with a cutoff 
frequency input as undulations per revolution (UPR). Generally, a lower cutoff frequency 
produces smoother filtered data. 

Remove Outliers - If you mark this check box and you are filtering the data, it removes the 
outlier data prior to filtering. 

 

Constructing an Intersect Circle 
A circle can be constructed between a cone (circle, cylinder, sphere) and a plane. It can also be 
created between two concentric cones or a concentric cone/cylinder combination. 

PC-DMIS creates a circle at the intersection of the circular feature and the plane or between the 
cone/cone or cone/cylinder combinations. 

• In the case of a circular feature and a plane intersection, PC-DMIS always makes a true 
circle (not an ellipse) even if the circular feature is not exactly perpendicular to the plane. 
The center point of the new circle is at the pierce point of the circular feature's centerline 
and the plane. The vector of the circle is the vector of the piercing circular feature. 

• In the case of a cone/cone or cone/cylinder combination, a true circle is created even if 
the intersecting features do not form a true circle. 
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To construct an Intersect Circle: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Intersect option. 
3. Select the first feature. It must be either a circle, cone, cylinder, or sphere. 
4. Select the second feature. It must be a plane. 
5. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CIRCLE,INTOF,feat_1,feat_2 

 
A - Circle Constructed from the intersection of a cone and a plane. 
B - Cone feature 
C - Plane feature 

Constructing a Circle from a Cone and a Plane 

  

 

Constructing a Cast Circle 
A circle can be constructed by changing any given feature into a circle. PC-DMIS will construct 
the circle at the centroid of the input feature. If a sheet metal point is used, the diameter will be 
the probe diameter. For some sheet metal features (such as slots and notches) the width will be 
used as the diameter. For features that do not have diameters (lines, points, etc.), a value that is 
four times the probe diameter will be used. 
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You can modify the diameter of the circle; this will change the circle from DEPENDENT to 
INDEPENDENT. This means that when the circle is executed, the diameter will not change based 
on the input feature but will be independent of the input feature, while the position and vector 
remain dependent on the input feature. This allows you to have control over the diameter in cases 
where the input feature doesn’t really have a diameter, such as a point. The 
DEPENDENT/INDEPENDENT field is a toggle field you may change. 

PC-DMIS will use this diameter value for all calculations instead of using the default diameter 
value as described above. 

To construct a Cast Circle: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Cast option. 
3. Select at least one features of any type. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CIRCLE,CAST,feat_1,(DEPENDENT | INDEPENDENT) 

 

Constructing a Projected Circle 
A circle can be constructed from any feature and a plane. PC-DMIS will project the centroid of the 
given feature onto the plane, creating a circle. If there is only one input feature, the projection will 
be to the current work plane. The diameter of the projected circle will be four times the probe's 
diameter. 

To construct a Projected Circle: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Projection option. 
3. Select a feature of any type. 

Note: A second feature can also be selected. It must be a plane. 

4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CIRCLE,PROJ,feat_1,(feat_2) 
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A - Circle constructed from the projection of a circle and a plane. 
B - Plane feature. 

Constructing a Circle from a Circle and a Plane 

  

 

Changing the Direction of a Circle 
A circle can be constructed with a reversed vector. 

To change the direction of a circle: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Reverse option. 
3. Select one feature. It must be a circle. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CIRCLE,REV,feat_1 

Constructing a Tangent Circle 
You can construct the following three types of tangent circles using the Construct Circle dialog 
box (Insert | Feature | Constructed | Circle): 

• Tangent 2 Lines - This option constructs a circle tangent to two lines. The exact location 
is determined by the size of the circle and the direction of the lines. Type a Diameter 
value for the constructed after selecting the two input lines, and then click Create. If the 
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constructed circle doesn't appear were expected, try changing the direction of one of the 
lines.  

Examples of a Circle Feature Constructed Tangent to 2 Lines 

Circle 7 
Constructed 
Tangent to 
Lines 5 and 
6 

 

Circle 7 
Constructed 
Tangent to 
Lines 5 and 
7 
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Circle 7 
Constructed 
Tangent to 
Lines 6 and 
7 

 

Circle 7 
Constructed 
Tangent to 
Lines 6 and 
7. 

Note the 
difference 
from the 
above 
example: 
Line 6's 
direction 
has 
changed, 
thereby 
changing 
the location 
of the 
constructed 
circle.  

• Tangent 3 Lines - This option constructs a circle tangent to the three input lines that 
form a triangle. Select the three input lines, and then click Create.  

Example of a Circle Feature Constructed Tangent to 3 Lines 
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• Tangent 3 Circles - This option constructs a circle tangent to the three input circles. 
Select the three input circles, and then click Create. The tangent circle can either contain 
all three circles (circumscribed circle) or none of the three (inscribed circle). 

 
Example of an inscribed circle tangent to three input circles 

 
Example of a circumscribed circle tangent to three input circles 

Constructing an Arc from Part of a Scan 
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A circle can be constructed from a segment of a Linear Open, Linear Close, or Basic Circle scan. 
PC-DMIS will create an arc from part of the scan. The details of the construction are included 
further in this discussion.  

To construct a Scan Segment Circle: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Scan Segment option. 
3. Select a previously created Linear Open, Linear Close, or Basic Circle scan. 
4. Click the Segment Data button. The Scan Segment dialog box will appear. 

 
Scan Segment dialog box 

5. Select either the Best Fit or BF Recomp option. 
6. Select the portion of the scan used in the construction from this dialog box. 
7. Type the number of points to potentially discard by entering values in the Discard Start 

and Discard End Maximum boxes. 
8. Type a distance from the best fit circle into the Discard Tolerance box. This tolerance is 

a form tolerance; it allows you to control what end points are accepted as part of the arc. 
If the distance from the scan point to the best fit arc is greater than this tolerance value, 
then the end point will be discarded. 

9. Input the Approximate Start and End Points of the scan by marking the Select Points 
check box, and then clicking in the Graphic Display window to fill in the X, Y, and Z fields. 
You can click anywhere in the Graphic Display window, however, PC-DMIS will place the 
point on the scan nearest to where you clicked. You can also edit the point values by 
using the keyboard. 

10. Click OK to accept the data and close the Scan Segment dialog box. 
11. Click Create to construct the arc from the scan. 

The Edit window command line for this option reads: 
CONSTR/CIRCLE,SCAN_SEGMENT,fit_type,feat_1,start_x,start_y,start_z
,end_x,end_y,end_z,discard_start,discard_end,tolerance 
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If you want more than one arc or line from a given scan, then you will need to add another 
command for a different section of the scan. 

  
 

Determining the Data Used to Construct the Arc 

The data used to construct the arc is determined as follows: 

• First, a segment of the scan is determined using a starting point and an ending point 
within the scan. The starting and ending points are chosen as the point in the scan 
nearest [start_x, start_y, start_z] and the point nearest [end_x, end_y, 
end_z] respectively. 

• Points are then discarded from the start and end points of the scan. The number of points 
discarded from the start is discard_start and from the end is discard_end. An arc 
is then fitted to this set of points. 

• Finally, the starting and ending points are added back in if they are within the defined 
tolerance. The arc is then re-fitted once more to the new set of points. 

The value of fit_type may be BF (Best Fit) or BFRE (Best Fit Recompensate). This determines 
whether a best fit or best fit with recompensation is done when calculating the arc. For a 
description of Best Fit and Best Fit Recompensate, see "Constructing a Best Fit or Best Fit 
Recompensate Circle". 

Constructing a Circle at a Scan's Minimum Point 
 

This feature lets you construct a 2D circle of a given radius at a minimum point along a linear 
scan. PC-DMIS finds the minimum point by using a starting point and a downward direction 
vector (as shown below). Think of the downward vector as a gravity vector. The circle will, in a 
sense, be "pulled" in that direction. 
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A - Scan 
B - Start Point 
C - Down Vector 
D - Final Position 

Minimum point of a circle along a scan with a defined downward vector and starting point. 

PC-DMIS projects the scan to the current workplane and the circle will lie in a plane parallel to the 
workplane. The scan will be interpreted as a line between consecutive points (piecewise linear). 
Thus, the circle that is placed at the minimum point along the scan will not “fall” between two 
consecutive scan points, but instead will be constrained to touch a line connecting the two points. 

Valid Input Types 
The input for this construction must be a line type scan. This excludes all scans designed to scan 
a surface: Patch, UV, Grid, Multisection, Manual Laser, and Cylinder. 

Construction Procedure 
To start this construction: 

1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Scan Minimum option. 
3. Select a linear scan from the feature list. You cannot use a surface scan. 
4. Click the Search Setup button. 
5. The Circle Minimum Search Setup dialog box appears: 
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Circle Minimum Search Setup dialog box 

6. Define the circle’s start point, its down direction, and its diameter. 
7. Click OK to construct the circle. PC-DMIS constructs the circle and inserts the 

construction command into the Edit window: 

 
Cutaway view showing a circle (CIR15) constructed at the minimum point on the scan line 
(SCN1) 

Rules for Construction 

A valid starting point and vector for will follow two rules: 

First, a circle of the given diameter and starting point should not intersect the scan. The image 
below shows a violation of this rule. 
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A - Scan 
B - Start Point 
C - Down Vector 

Invalid starting point due to intersection with the scan 

Second, the circle projected from the start point along the down vector must intersect the 
scan. The image below shows a violation of this rule. 

 
A - Scan 
B - Start Point 
C - Down Vector 

Invalid starting point due to the circle missing the scan 

  

No Local Minimum 

If the scan has no local minimum, or a natural resting place for the circle, then the circle will follow 
the scan to it’s lowest point while still in contact with the scan (see figure 4). 
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A - Scan 
B - Start Point 
C - Down Vector 

A Scan without a local minimum 

  

Edit Window Command for a Constructed Scan Minimum Circle 
CIR1  =FEAT/CIRCLE,RECT,OUT 

THEO/<tx,ty,tz>,<ti,tj,tk>,td,ta1,ta2 

ACTL/<mx,my,mz>,<mi,mj,mk>,md,ma1,ma2 

CONSTR/CIRCLE,SCAN_MINIMUM,Scan ID 

CONTACT POINT/<tcp1x,tcp1y,tcp1z>,<mcp1x,mcp1y,mcp1z> 

START ANGLE/tca1,mca1 

CONTACT POINT/<tcp2x,tcp2y,tcp2z>,<mcp2x,mcp2y,mcp2z> 

END ANGLE/tca2,mca2 

TOLERANCE/tol 

START/xSP, xSP, xSP 

DOWN/iDV, iDV, iDV 

 
A - Scan line 
B - Circle's final position 



Constructing New Features from Existing Features 

83 

C - Contact Point 1 
D - Contact Point 2 
E - Down Vector 
F - Contact Angle 1 
G - Contact Angle 2 

tx,ty,tz 
These represent the theoretical circle position. 

ti,tj,tk 
These represent the theoretical circle vector. 

td 
This represents the theoretical circle diameter. 

ta1 
This represents the theoretical angle 1 value. 

ta2 
This represents the theoretical angle 2 value. 

mx,my,mz 
These represent the measured circle position. 

mi,mj,mk 
These represent the measured circle vector. 

md 
This represents the measured circle diameter. 

ma1 
This represents the measured angle 1 value. 

ma2 
This represents the measured angle 2 value. 

Scan ID 
This represents the id of the scan to be used. 

tcp1x,tcp1y,tcp1z 
These represent the theoretical XYZ position for contact point 1. 

mcp1x,mcp1y,mcp1z 
These represent the measured XYZ position for contact point 1. 

tca1 
This represents the theoretical contact angle 1 value. 

mca1 
This represents the measured contact angle 1 value. 
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tcp2x,tcp2y,tcp2z 
These represent the measured XYZ position for contact point 2. 

mcp2x,mcp2y,mcp2z 
These represent the measured XYZ position for contact point 2. 

tca2 
This represents the theoretical contact angle 2 value. 

mca2 
This represents the measured contact angle 2 value. 

tol 
This represents the tolerance value to use when locating the two contact points. PC-DMIS 
recomputes the contact points by averaging all the points that fall within the tolerance given. 

xSP, xSP, xSP 
These represent the starting point for finding the minimum. 

iDV, iDV, iDV 
This represent the downward direction vector. 

Using Expressions 
You can also use expressions within the Edit window to pull information from a Constructed Scan 
Minimum Circle. See "Accessing Information from a Constructed Scan Minimum Circle" in "Using 
Expressions and Variables". 

Additional Examples 

 
A - Scan 
B - Starting Point 
C - Down Vector 
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Starting point inside of a scan 

 
A - Scan 
B - Starting Point 
C - Down Vector 

Scan where not all points are reachable given the circle size 

  

 

Constructing a Circle from a Cone 
You can construct a circle from a cone at a specified diameter of the cone, or you can construct a 
circle at a given height along that cone from the current alignment plane. A Cone Circle feature 
that you construct at a given height is sometimes known as a "gage diameter" or "gage point". 
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Multiple circles created at different heights from the cone input feature of CON1 

Understanding the Height Value 
If you construct a circle at a given height, PC-DMIS calculates the circle in this way. It creates a 
plane from the reference point and the reference vector. It then creates a parallel offset plane 
from this plane by the height value. This parallel plane intersects with the cone axis, and the 
intersection creates the location of the resulting circle feature. The diameter of the circle is the 
diameter of the cone at that intersection point. 

Available reference point (REF_POINT) options: 

• CONE_VERTEX 
• CONE_START 
• CONE_END 
• ORIGIN 

Available reference vector (REF_VECTOR) options: 

• CONE_VECTOR 
• WORKPLANE 
• ZPLUS 
• ZMINUS 
• XPLUS 
• XMINUS 
• YPLUS 
• YMINUS 

For example, if you use the origin as a reference point and ZPLUS as your reference vector, PC-
DMIS creates a plane from the origin point and the ZPLUS vector. Then it creates a parallel plane 
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at the given height value, and where it intersects with the cone, it creates the circle feature. Your 
Edit window's code might look something like this: 

CIR2       =FEAT/CIRCLE,RECT,OUT 

THEO/-67.295,2.595,-7.152,0.0310723,-0.0214397,-0.9992872,29.411 

ACTL/-67.295,2.595,-7.152,0.0310723,-0.0214397,-0.9992872,29.411 

CONSTR/CIRCLE,CONE,CON2,HEIGHT,5,REF_POINT = ORIGIN,REF_VECTOR = ZPLUS 

To Construct a Cone Circle: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Cone option. 
3. Select one feature. The type must be a cone. 
4. Select either DIAMETER or HEIGHT from the Type list. 
5. Type a value for the diameter or height into the Value box. 
6. If you selected Height: 

• Select a reference point from the Point list. 
• Select a reference vector from the Vector list. 

7. Click the Create button. 

The Edit window command line for this option would read: 

CONSTR/CIRCLE,CONE,DIAMETER,feat_1 

or 

CONSTR/CIRCLE,CONE,HEIGHT,value,REF_POINT=point,REF_VECTOR=vector,feat_1 

             

Constructing a Circle from a Sphere 
A circle can be constructed from a sphere at a specified diameter of the sphere, or it can be 
constructed at a given height from the sphere centroid. 

Valid input feature type 
Sphere 

Valid construct type 
Diameter or Height 

Available reference point (REF_POINT) options: 

• SPHERE_CENTROID 

Available reference vector (REF_VECTOR) options 

• SPHERE_VECTOR 
• WORKPLANE 
• ZPLUS 
• XPLUS 
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• YPLUS 
• ZMINUS 
• XMINUS 
• YMINUS 

Construct type input value overview 
When a Diameter construct type is used, the input value is the diameter of the resultant sphere 
circle. 

PC-DMIS uses the input value as the diameter of the resolved circle. It then calculates the 
centroid along the reference vector from the reference point that fits the diameter so that it's equal 
to the input value. 

If a Height construct type is used, the input value represents the distance along the reference 
vector from the reference point, which is the sphere centroid. 

PC-DMIS uses the value points as the offset from the reference point along the reference vector. 
The resultant centroid and diameter are identical after the offset is applied. 

To Construct a Sphere Circle: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Sphere option. 
3. Select one feature. The type must be a sphere. 
4. Select either DIAMETER or HEIGHT from the Type drop-down list. 
5. Type a value for the diameter or height into the Value box. 
6. If you selected Height: 

• Select a reference point from the Point list. 
• Select a reference vector from the Vector list. 

7. Click the Create button. 

The Edit window command line for this option would read: 

CONSTR/CIRCLE,SPHERE,feat_1,DIAMETER,REF_VECTOR = ZPLUS 

or 

CONSTR/CIRCLE,SPHERE,feat_1,HEIGHT,0,REF_POINT = 
SPHERE_CENTROID,REF_VECTOR = vector 

Constructing a Circle from a Cylinder 
Similar to the cone and sphere circle constructions, this type of construction creates a circle from 
a cylinder at a height (or distance) along the defined vector. The resulting circle feature will have 
the same diameter as the reference cylinder. This type of construction takes three inputs: a height 
Value, a reference Point and a Vector. 

Value - This box lets you type the height value. PC-DMIS constructs the circle at this distance 
from the selected reference point and along the selected vector. A positive value will use the 
same direction as pointed by the vector. A negative value will use the opposite direction along 
that vector. 
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Point - This list lets you define a reference point from which PC-DMIS constructs the circle. It has 
these options: 

• CYLINDER_START - The start location of the cylinder. This point is located at the 
centroid of the circle defined from the first level of hits. 

• CYILNDER_END - The end location of the cylinder. This point is located at the centroid 
of the circle defined from the last level of hits. 

• ORIGIN - The origin of your coordinate system. 

These images show some sample start and end locations for different cylinder types: 

 
A - A sample CYLINDER_START location for an Auto Cylinder 
B - A sample CYLINDER_END location for an Auto Cylinder 

 
A - A sample CYLINDER_START location for a Measured Cylinder 
B - A sample CYLINDER_END location for a Measured Cylinder 

Vector - This defines the vector of the constructed circle and the vector along which the height 
value is applied. Eight reference vectors are available: CYLINDER_VECTOR, WORKPLANE, 
ZPLUS, ZMINUS, XPLUS, XMINUS, YPLUS, and YMINUS. 

To Construct a Cylinder Circle: 
1. Access the Construct Circle dialog box (Insert | Feature | Constructed | Circle). 
2. Select the Cylinder option. 
3. Select a single cylinder feature. 
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4. Select the reference point from the Point list. 
5. Select a reference vector from the Vector list. The direction on which the cross section is 

taken is chosen from the Vector list box. 
6. Type a distance into the Value box. 
7. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CIRCLE,CYLINDER,feat1,HEIGHT,value,REF_POINT = 
point,REF_VECTOR = vector 

  

Constructing an Ellipse Feature 
 

 
Construct Ellipse dialog box 

There are several ways to construct an ellipse using PC-DMIS. The following table lists the 
various types of constructed ellipses, along with their necessary inputs. Some features may 
require no inputs while others may require three inputs or more. The term 'Any' in the following 
table indicates that the construction can take any type of feature as input for construction. PC-
DMIS allows the features to be selected in any order. 

CONSTRUCT 
FEATURE 

TYPE 

SYMBOL 
IN EDIT 

WINDOW 
#  OF INPUT 

FEATS 
FEAT 

#1: 
FEAT 

#2: COMMENTS 

Auto Ellipse  - - - - See "Auto Ellipse 
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Construction". 

Best fit Ellipse BF 

At least 4 inputs 
are needed or a 
scan or set with 4 
points. 

- - 

Constructs best fit 
ellipse using given 
inputs. See the Note 
below for 
recommended 
inputs. 

Best fit with 
Recompensate 
Ellipse 

BFRE 

At least 4 inputs--
with one input 
being a point--are 
needed or a scan 
or set comprised 
of at least 4 
points. 

- - 

Constructs best fit 
ellipse using given 
inputs. See the Note 
below for 
recommended 
inputs. 

Intersection INT 2 Cylinder Plane 
Constructs an ellipse 
at the intersection of 
the input features 

Cast Ellipse CAST 1 Any - 
Constructs ellipse at 
centroid of input 
feature 

Project Ellipse PROJ 1 or 2 Any Plane 
1 input feature will 
project ellipse to 
work plane 

Reverse Ellipse REV 1 Ellipse - 
Constructs ellipse 
with a reversed 
vector 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To construct an ellipse: 
1. Open the Construct Ellipse dialog box (Insert | Feature | Constructed | Ellipse). 
2. Enter the desired features. 
3. Select the In or Out option. 
4. Select the method of construction. Available options include: 

• Auto Circle 
• Best Fit or Best Fit Recompensate Ellipse 
• Cast Ellipse 
• Projection Ellipse 
• Reverse direction Ellipse 

5. Some ellipse types have additional options or items that appear in the dialog box when 
selected. Select or use these options as needed. 

6. Click the Create button. 

The Edit window command line for a sample Ellipse Construction would read: 
feature_name=FEAT/Ellipse,TOG1,TOG4 
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THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,major diam,minor 
diam,i angle vec, j angle vec, k angle vec 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,major diam,minor 
diam,i angle vec,j angle vec,k angle vec 
CONSTR/TOG2,TOG3,TOG5,feat_1,feat_2, ... 

Note: The actual Edit report will be displayed in all CAPS. 

Auto is the default method of construction. For information on the Auto method, see "Auto Ellipse 
Construction". 

TOG1= POLR or RECT 

TOG2 = ELLIPSE 

TOG3 = BF / BFRE / CAST / INT / PROJ / REV 

TOG4 = IN / OUT 

TOG5 = 2D / 3D (This appears only if TOG3 reads BF or BFRE) 

The first three lines in the Edit window will be the same for constructed ellipses. The fourth line 
will be slightly different according to the type of feature being constructed. You can switch 
between the different types of ellipses by placing the cursor on TOG3 and pressing F7 and F8. 
(See "Command Mode Keyboard Functions" in the "Using the Edit Window" chapter.) 

When two or more features are involved, PC-DMIS automatically determines the necessary order 
of the input features. This improves the accuracy of the measurement process. 

The following paragraphs describe the available options for constructing an ellipse: 

 

In / Out Ellipse 

The In and Out options tell PC-DMIS whether to construct the ellipse as an internal or an external 
ellipse. 

• If you select In, PC-DMIS constructs the ellipse as an internal ellipse. 
• If you select Out, PC-DMIS constructs the ellipse as an external ellipse or pin. 

2D / 3D Ellipse 
The 2D and 3D options tell PC-DMIS whether to construct the feature as a 2D or 3D ellipse. 
These options become available if you select Best Fit or BF Recomp options. 

• If you select 2D, PC-DMIS constructs the ellipse, projecting it onto the work plane. 
• If you select 3D, PC-DMIS constructs a best fit plane from the inputs. Those inputs are 

then projected to the plane and a constructed ellipse is created from the projected points. 



Constructing New Features from Existing Features 

93 

 

Auto Ellipse Construction 
The following table indicates the type of ellipse that will be constructed when the specified inputs 
are selected and the AUTO option is chosen. The order of the selected features is not important. 
If an incorrect input feature(s) is selected, PC-DMIS will display an error message and will not 
automatically construct the indicated feature type. 

To allow PC-DMIS to automatically determine the best method of construction: 
1. Access the Construct Ellipse dialog box (Insert | Feature | Constructed | Ellipse). 
2. Select the Auto option from the list of options. 
3. Select the desired feature(s) based on the table below. 
4. Click the Create button. 

The following lists the constructed feature that are created based on the input feature selected: 

Any 1 Set = Best Fit Ellipse 

Any 1 Ellipse = Reverse Ellipse 

Any 1 Feature (except Ellipse /Set) = Cast Ellipse 

Plane + Any Feature = Projected Ellipse 

Set + Set = Best Fit Ellipse 

3 or more Features = Best Fit Ellipse 

Constructing a Best Fit or Best Fit Recompensate 
Ellipse 

 

A "best fit" ellipse can be constructed from three or more features. The ellipse lies in the current 
working plane. The best fit construction method takes the actual measured points, rather than the 
ball's center (as is the case of best fit recompensate). In both cases PC-DMIS computes a least 
squares ellipse, one for which PC-DMIS minimizes the average squared distance from the data 
points to the ellipse. 

To construct a Best Fit Ellipse or a Best Fit Recompensate Ellipse: 
1. Access the Construct Ellipse dialog box (Insert | Feature | Constructed | Ellipse). 
2. Select either the Best Fit or Best Fit Recompensate option (shown as Best Fit and BF 

Recomp). 
3. Select at least 4 features or a scan or a set comprised of at least four points. 
4. Click the Create button. 

The Edit window command line for this option would read: 
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CONSTR/ELLIPSE,BF,feat_1,feat_2,feat_3... 
(Uses the actual measured points for construction.) 

or 

CONSTR/ELLIPSE,BFRE,feat_1,feat_2,feat_3... 
(Uses the center of probe for measurement.) 

Remove Outliers / Standard Deviation Multiple for a Constructed 
Ellipse 

For a best fit (BF) or best fit recompensate (BFRE) ellipse you can choose to remove outliers 
based on the distance from the best fit feature. This allows the removal of anomalies that arise in 
the measurement process. 

PC-DMIS first fits an ellipse to the data, then determines which points are outliers based on the 
standard deviation multiple. It then does the following: 

• Recalculates the best fit ellipse with those outliers removed. 
• Checks for outliers again. 
• Recalculates the best fit ellipse. 
• Continues repeating this process until no more outliers exist or until PC-DMIS cannot 

compute the ellipse (PC-DMIS can't compute the ellipse if there are fewer than 4 data 
points). 

Constructing an Intersect Ellipse 
An ellipse can be constructed from the intersection of a non-parallel plane and cylinder. 

To construct an Intersect Ellipse: 
1. Access the Construct Ellipse dialog box (Insert | Feature | Constructed | Ellipse). 
2. Select the Intersect option. 
3. Select the first feature; it can be either a cylinder or a plane. 
4. Select the second feature. 

• If you selected a cylinder as the first feature, then this must be a plane. 
• If you selected a plane as the first feature, then this must be a cylinder. 

5. Click the Create button. PC-DMIS will construct the ellipse at the intersection of the two 
features. The constructed ellipse will have the plane's normal vector. 

The Edit window command block for a sample ellipse would look something like this: 

ID=FEAT/ELLIPSE,CARTESIAN,OUT,NO 
THEO/X,Y,Z,I,J,K 
ACTL/X,Y,Z,I,J,K 
CONSTR/ELLIPSE,INT,feat1,feat2 
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Constructing a Cast Ellipse 
An ellipse can be constructed by changing any given feature into an ellipse. PC-DMIS will 
construct the ellipse at the centroid of the input feature. If a sheet metal point is used, the major 
diameter will be the probe diameter. For some sheet metal features (such as slots and notches) 
the width will be used as the major diameter. For features that do not have a width (lines, points, 
etc.), a value that is four times the probe diameter will be used. The minor diameter will be the 
length of the input feature. For features that do not have a length (points, circles, etc) a default 
length of 1 will be used. 

You can modify the major and minor diameters of the ellipse; this will change the ellipse from 
DEPENDENT to INDEPENDENT. This means that when the ellipse is executed that the major 
and minor diameters will not change based on the input feature but will be independent of the 
input feature, while the position and vector remain dependent on the input feature. This allows 
you to have control over the diameters in cases where the input feature doesn’t really have a 
diameter, such as a point. The DEPENDENT/INDEPENDENT field is a toggle field you may 
change. 

PC-DMIS will use these diameter values for all calculations instead of using the default diameter 
values as described above. 

To construct a Cast Ellipse: 
1. Access the Construct Ellipse dialog box (Insert | Feature | Constructed | Ellipse). 
2. Select the Cast option. 
3. Select at least one features of any type. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/ELLIPSE,CAST,feat_1,(DEPENDENT | INDEPENDENT) 

 

Constructing a Projected Ellipse 
An ellipse can be projected onto a plane. PC-DMIS projects the centroid of the given feature onto 
the plane, creating an ellipse. If there is only one input feature, the projection will be to the current 
work plane. The major diameter of the projected ellipse will be the width of the projected feature, 
or the probe's diameter (for feature without a defined width). The minor diameter will be the length 
of the input feature, or of unit 1 (for features without a length defined).  

To construct a Projected Ellipse: 
1. Access the Construct Ellipse dialog box (Insert | Feature | Constructed | Ellipse). 
2. Select the Projection option. 
3. Select a feature of any type. 

Note: A second feature can also be selected. It must be a plane. 

4. Click the Create button. 
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The Edit window command line for this option would read: 
CONSTR/ELLIPSE,PROJ,feat_1,(feat_2) 

 

Changing the Direction of an Ellipse 
An Ellipse can be constructed with a reversed vector. 

To change the direction of a ellipse: 
1. Access the Construct Ellipse dialog box (Insert | Feature | Constructed | Ellipse). 
2. Select the Reverse option. 
3. Select one feature. It must be an ellipse. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/ELLIPSE,REV,feat_1 

Constructing a Round Slot Feature 
 

 
Construct Slot dialog box 

There are two round slot types in PC-DMIS: a round slot created from two circles (Circles 
option), and a round slot created from four or more inputs (Best Fit or BF Recomp option). The 
table below shows the inputs for the slot and the editor definitions. 

CONSTRUCT 
FEATURE 

TYPE 

SYMBOL IN 
EDIT 

WINDOW 

#  OF 
INPUT 
FEATS 

FEAT 
#1: 

FEAT 
#2: COMMENTS 
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Round Slot CIRCLES 2 Circle Circle 
Constructs a slot in the plane 
of the first circle from center to 
center. 

Round Slot BF 4 or 
more - - 

Constructs a Best Fit slot 
using the given inputs. See 
the Note below for 
recommended inputs. 

Round Slot BFRE 4 or 
more - - 

Constructs a Best Fit 
Recompensate slot using the 
given inputs. See the Note 
below for recommended 
inputs. 

Round Slot PROJ 2 Slot Plane Constructs a Projected Round 
Slot onto the plane. 

Round Slot CAST 1 Any - Constructs round slot at the 
centroid of the input feature. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can use any 
feature type for your input features, BF and BFRE fit types are typically used with point features 
or point sets (a scan of points, a feature set with points, or an expression that resolves to an array 
of points). 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To Construct a Round Slot: 
1. Access the Construct Round Slot dialog box (Insert | Feature | Constructed | Round 

Slot). 
2. Select the In or Out option to define the constructed slot as a hole or stud slot 

respectively. 
3. Select one of the following construction methods: Circles, Best Fit, BF Recomp, 

Projection or Cast. 
4. Select your inputs based on the type of slot you will construct. 
5. If you select one of the best fit options, choose to construct either a 2D or 3D feature. 
6. Click the Create button. 

The Edit window command line for a sample Slot Construction would read: 

feature_name=FEAT/SLOT,TOG1,TOG2,TOG3 

THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,width,length 

ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,width,length 

CONSTR/TOG4,TOG5,TOG6,TOG7,feat_1,feat_2, … 

Note: The actual report will be displayed in all CAPS. 

TOG1 = CARTESIAN or POLAR 

TOG2 = OUT or IN 
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TOG3 = YES or NO 

TOG4 = SLOT (or other construction type) 

TOG5 = ROUND or SQUARE 

TOG6 = CIRCLES or BF or BFRE or PROJ 

TOG7 = 2D or 3D (This appears only if TOG6 reads BF or BFRE) 

 

In / Out Slot 

The In and Out options tell PC-DMIS whether to construct the slot as an internal or an external 
slot. 

• If you select In, PC-DMIS constructs the slot as an internal slot. 
• If you select Out, PC-DMIS constructs the slot as an external slot. 

2D / 3D Slot 
The 2D and 3D options tell PC-DMIS whether to construct the feature as a 2D or 3D slot. These 
options become available if you select Best Fit or BF Recomp options. 

• If you select 2D, PC-DMIS constructs the slot, projecting it onto the work plane. 
• If you select 3D, PC-DMIS constructs a best fit plane from the inputs. Those inputs are 

then projected to the plane and a constructed slot is created from the projected points. 

  

Constructing a Circle Slot 
The round slot constructed from two circles is defined mostly by the first circle selected. The slot 
is constructed in the same plane as the first circle. The width of the slot is also determined by the 
diameter of the first circle. The second circle is only used to determine the length of the slot. The 
length is the distance from the center of the first circle to center of the second plus the diameter of 
the first circle. 

If the two input circles are not coplanar, the center of the second circle is projected 
perpendicularly onto the plane of the first circle. The distance is then calculated from the center of 
the first circle to the projected center of the second. 

To construct a Round Slot from Circles: 
1. Access the Construct Slot dialog box (Insert | Feature | Constructed | Slot). 
2. Select In or Out. 
3. Select the Circles option. 
4. Select two Circle features for inputs. 
5. Click the Create button. 
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The Edit window command line for the Round Slot would read: 
CONSTR/SLOT,CIRCLES,feat_1,feat_2 

  

Constructing a Best Fit or Best Fit Recompensate Slot 
The Best Fit (BF) and the Best Fit Recompensate (BFRE) are constructed from 4 or more 
features. The constructed slots vector is normal (perpendicular) to the working plane. The BFRE 
construction uses the ball center combined with the probe radius to compute the slot. The 
compensation is an integral part of the fitting. The BF construction compensates the measured 
points prior to fitting. 

The height of the slot from the workplane is the average of all the input features. 

To construct a BF or BFRE Slot: 
1. Access the Construct Slot dialog box (Insert | Feature | Constructed | Slot). 
2. Select In or Out. 
3. Select the BF or BFRE option. 
4. Select at least 4 features. They can be any feature type. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can 
use any feature type for your input features, BF and BFRE fit types are typically used with 
point features or point sets (a scan of points, a feature set with points, or an expression 
that resolves to an array of points). 

5. Click the Create button. 

The Edit window command line for the Best Fit or Best Fit Recompensate Slot would read: 
CONSTR/SLOT,BF (or BFRE),feat_1,feat_2, ... 

Constructing a Projected Slot 

Similar to a projected circle, PC-DMIS can create a slot feature projected onto a specified plane. 

To construct a Projected Slot: 
1. Access the Construct Round Slot dialog box (Insert | Feature | Constructed | Round 

Slot). 
2. Select the Projected option. 
3. Select two features. The first should be a slot. The second should be a plane. 
4. Click the Create button. The slot is constructed projected onto the specified plane. 

The Edit window command line for the Projected Slot would read: 
CONSTR/SLOT,ROUND,PROJ,feat_1,feat_2, ... 
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Constructing a Cast Round Slot 

Similar to a Cast Circle, a Cast Round Slot can be constructed by changing any given feature into 
a slot. Using the Cast option from the Construct Round Slot dialog box, PC-DMIS constructs the 
slot at the centroid of the input feature. 

The following guidelines are used when constructing a cast slot: 

• The diameter or width of the input feature is used as the width of the slot. 
• The length of the input feature is used as the length of the slot. 
• If the width or diameter of the input feature is 0 (zero), the width of the slot is the probe's 

diameter. 
• If the length of the input feature is 0 (zero), the length of the slot is set to three time the 

probe's diameter. 
• The vector of a line feature will be used as the slot's angle vector; the vector of any other 

feature types is used as the slot's surface vector. 

To construct a Cast Round Slot: 
Access the Construct Round Slot dialog box either from the menu Insert | Feature | 
Constructed | Round Slot or clicking the Constructed Round Slot button from the Constructed 
Features toolbar. 

1. Select the Cast option. 
2. Select one feature of any type. 
3. Click the Create button. 

The Edit window command line for the Cast Round Slot would read: 

CONSTR/SLOT,ROUND,CAST,feat_1,DEPENDENT 

Constructing a Square Slot Feature 
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Construct Square Slot dialog box 

There is a single square slot type in PC-DMIS: a square slot must be created from four or more 
inputs (Best Fit or BF Recomp option). The table below shows the inputs for the slot and the 
editor definitions. 

CONSTRUCT 
FEATURE 

TYPE 

SYMBOL IN 
EDIT 

WINDOW 

#  OF 
INPUT 
FEATS 

FEAT 
#1: 

FEAT 
#2: COMMENTS 

Square Slot BF 5 or 
more - - 

Constructs a Best Fit slot 
using the given inputs. See 
the Note below for 
recommended inputs. 

Square Slot BFRE 5 or 
more - - 

Constructs a Best Fit 
Recompensate slot using the 
given inputs. See the Note 
below for recommended 
inputs. 

Square Slot PROJ 2 Slot Plane Constructs a Projected 
Square Slot onto the plane 

Square Slot CAST 1 Any - Constructs Square Slot at the 
centroid of the input feature. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can use any 
feature type for your input features, BF and BFRE fit types are typically used with point features 
or point sets (a scan of points, a feature set with points, or an expression that resolves to an array 
of points). 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To Construct a Square Slot: 
1. Access the Construct Square Slot dialog box (Insert | Feature | Constructed | Square 

Slot). 
2. Select the In or Out option to define the constructed slot as a hole or stud slot 

respectively. 
3. Select one of the following construction methods: Best Fit, BF Recomp, Projected, or 

Cast. 
4. Select your inputs based on the type of slot you will construct. 
5. If you select one of the best fit options, choose to construct either a 2D or 3D feature. 
6. Click the Create button. 

The Edit window command line for a sample Slot Construction would read: 

feature_name=FEAT/SLOT,TOG1,TOG2,TOG3 

THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,width,length 

ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,width,length 

CONSTR/TOG4,TOG5,TOG6,TOG7,feat_1,feat_2, … 
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Note: The actual report will be displayed in all CAPS. 

TOG1 = CARTESIAN or POLAR 

TOG2 = OUT or IN 

TOG3 = YES or NO 

TOG4 = SLOT (or other construction type) 

TOG5 = ROUND or SQUARE 

TOG6 = BF or BFRE or PROJ 

TOG7 = 2D or 3D (This appears only if TOG6 reads BF or BFRE) 

In / Out Square Slot 

The In and Out options tell PC-DMIS whether to construct the slot as an internal or an external 
slot. 

• If you select In, PC-DMIS constructs the slot as an internal slot. 
• If you select Out, PC-DMIS constructs the slot as an external slot. 

  

2D / 3D Square Slot 
The 2D and 3D options tell PC-DMIS whether to construct the feature as a 2D or 3D slot. These 
options become available if you select Best Fit or BF Recomp options. 

• If you select 2D, PC-DMIS constructs the slot, projecting it onto the work plane. 
• If you select 3D, PC-DMIS constructs a best fit plane from the inputs. Those inputs are 

then projected to the plane and a constructed slot is created from the projected points. 

  

Constructing a Best Fit or Best Fit Recompensate 
Square Slot 
The Best Fit (BF) and the Best Fit Recompensate (BFRE) are constructed from 4 or more 
features. The constructed slots vector is normal (perpendicular) to the working plane. The BFRE 
construction uses the ball center combined with the probe radius to compute the slot. The 
compensation is an integral part of the fitting. The BF construction compensates the measured 
points prior to fitting. 

The height of the slot from the workplane is the average of all the input features. 
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To construct a BF or BFRE Slot: 
1. Access the Construct Slot dialog box (Insert | Feature | Constructed | Slot). 
2. Select In or Out. 
3. Select the BF or BFRE option. 
4. Select at least 5 features. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can 
use any feature type for your input features, BF and BFRE fit types are typically used with 
point features or point sets (a scan of points, a feature set with points, or an expression 
that resolves to an array of points). 

5. Click the Create button. 

The Edit window command line for the Best Fit or Best Fit Recompensate Slot would read: 
CONSTR/SLOT,BF (or BFRE),feat_1,feat_2, ... 

  

Constructing a Projected Square Slot 

Similar to a projected circle, PC-DMIS can create a slot feature projected onto a specified plane. 

To construct a Projected Square Slot: 
1. Access the Construct Square Slot dialog box (Insert | Feature | Constructed | Square 

Slot). 
2. Select the Projected option. 
3. Select two features. The first should be a slot. The second should be a plane. 
4. Click the Create button. The slot is constructed projected onto the specified plane. 

The Edit window command line for the Projected Square Slot would read: 
CONSTR/SLOT,SQUARE,PROJ,feat_1,feat_2, ... 

  

Constructing a Cast Square Slot 

Similar to a Cast Circle, a Cast Square Slot can be constructed by changing any given feature 
into a slot. Using the Cast option from the Construct Square Slot dialog box, PC-DMIS 
constructs the slot at the centroid of the input feature. 

The following guidelines are used when constructing a cast slot: 

• The diameter or width of the input feature is used as the width of the slot. 
• The length of the input feature is used as the length of the slot. 
• If the width or diameter of the input feature is 0 (zero), the width of the slot is the probe's 

diameter. 
• If the length of the input feature is 0 (zero), the length of the slot is set to three time the 

probe's diameter. 
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• The vector of a line feature is used as the slot's angle vector; the vector of any other 
feature types is used as the slot's surface vector. 

To construct a Cast Square Slot: 
Access the Construct Square Slot dialog box either from the menu Insert | Feature | 
Constructed | Square Slot or clicking the Constructed Square Slot button from the 
Constructed Features toolbar. 

1. Select the Cast option. 
2. Select one feature of any type. 
3. Click the Create button. 

The Edit window command line for the Cast Square Slot would read: 

CONSTR/SLOT,SQUARE,CAST,feat_1,DEPENDENT 

Constructing a Curve 
 

 
Construct Curve dialog box 

There are two types of constructed curves (Independent Curves and Dependent Curves) 
available in PC-DMIS. The following table displays the two curves, along with their necessary 
inputs. All curves require a set as input. The set can be a measured set, a constructed set, or a 
scan. The input set must contain at least four features (or input points in the case of a scan). 
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CONSTRUCT 
FEATURE TYPE 

SYMBOL IN EDIT 
WINDOW 

#  OF 
INPUT 
SETS 

INPUT #1: COMMENTS 

Dependent 
Curve DEPENDENT 1 

Set 
containing at 
least 4 inputs 

The Curve updates as the 
input changes. 

Note: Editing a curve 
changes a dependent 
curve to an independent 
curve. 

Independent 
Curve INDEPENDENT 1 

Set 
containing at 
least 4 inputs 

Uses input feature for 
construction only. User 
can manually edit control 
points of curve. 

The Edit window command line for a sample Curve Construction using a dependent curve type 
would read: 

feature_name=FEAT/CURVE, DEPENDENT, num_control_points, num_input_feats, 
thinning_parameter 

CONSTR/CURVE,INPUT_TYPE, input_id 

For an independent curve type the Edit window command line would read: 

feature_name=FEAT/CURVE, INDEPENDENT, num_control_points, num_input_feats, 
thinning_parameter 

CONSTR/CURVE, 

num_control_points = This is the number of control points defining the curve. More control 
points allow the curve to more closely pass through the features, but too may cause 
unexpected behavior 

num_input_feats = This is the number of features that the curve is attempting to fit. 

Note: These two parameters are not editable in the Edit window. 

input_id = This is the ID of the set containing the features to be fitted. 

thinning_parameter = This is described in the "Thinning Parameters" topic described below. 

Note: The actual Edit report will be displayed in all CAPS 

Constructing a Dependent / Independent Curve 
 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To construct a curve: 
1. Access the Construct Curve dialog box (Insert | Feature | Constructed | Curve).  
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2. Input the desired set. 
3. Set the value in the Thinning Tolerance box. 
4. Edit the Control points if necessary. 
5. Click the Create button. 

All constructed curves start out as DEPENDENT curves and must be created from a single input, 
a set. The set can be one of three types: 

• A measured set 
• A constructed set 
• A scan containing a single row of points. (See "Constructing a Set of Features".) 

The input set must contain at least four features or points (in the case of a scan). 

Note: The resulting curve depends on the order that the features are added to the set (first to 
last). 

You can also construct a curve by simply selecting multiple features from the feature list box 
rather than selecting a constructed set from the list. In this case, the command's INPUT_TYPE 
field will be empty when viewing the command in the Edit window. 

The following paragraphs describe the available options for constructing a curve. 

  
 

Thinning Parameters (Thinning Tolerance or Thinning 
Proportion) 

You can use one of two types of thinning parameters: Thinning Tolerance or Thinning Proportion. 
The Use tolerance check box on the Construct Surface and Construct Curve dialog boxes 
(Insert | Feature | Constructed | Surface and Insert | Feature | Constructed | Curve, 
respectively) lets you switch between either tolerance or proportion: 

• Thinning tolerance controls the tightness (or exactness) of the curve or surface fit. Valid 
thinning tolerances range from 0.0 to 5.0, with the default being 0.01. The smaller the 
thinning tolerance, the closer the curve comes to passing through the centroids of the 
features included in the input set. If the thinning tolerance is 0.0, the curve or surface will 
pass through all of the centroids. A larger thinning tolerance will result in a curve or 
surface that has fewer fluctuations (at the expense of not lying near the input set's 
features). To see this, construct a curve or surface and then change the input tolerance 
and examine how its shape changes. 

• Thinning proportion, alternately, may be used to control the quality of the fit. Valid 
thinning proportions range from between 0.0 and 1.0, with a default value of 0.33. The 
thinning proportion determines the number of degrees of freedom available in fitting the 
curve or surface to the centroids. At the lower extreme of 0, the algorithm will attempt to 
fit a straight line or plane to the centroids. At 1, it will compute a fit that passes through all 
of the centroids. 
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To make a DEPENDENT curve an INDEPENDENT curve (so that it is no longer associated 
with the input set): 

1. Open the Edit window (View | Edit Window). 
2. Select the curve feature that you constructed. 
3. Navigate to the DEPENDENT field of that feature. 
4. Press F7. It will change from DEPENDENT to INDEPENDENT. 

You can change the shape of the curve by editing its control points. 

 

Edit Control Point 

If a preexisting curve is selected, the Construct Curve dialog box (Insert | Feature | 
Constructed | Curve) will also contain a list of control points in Control Point list. Select one of 
the control points. PC-DMIS will place the corresponding values in the X, Y, and Z boxes so that 
you can edit them. 

To edit these control points: 
1. Ensure that a curve feature already exists. 
2. Open the Edit window (View | Edit Window). 
3. Select the curve in the Edit window. 
4. Press F9 to activate the Construct Curve dialog box. 
5. Select the control point to be changed in Control Point list. 
6. Edit the individual X, Y, and Z components of the point. 
7. Click the OK button. 

The curve will then be updated to reflect the changes. 

Note: If the control points on a dependent curve are edited, it automatically becomes an 
independent curve because it is no longer based on the input set. 

 

Control Point List 

The Control Point list option in the Construct Curve dialog box (Insert | Feature | 
Constructed | Curve) is only visible when there is an existing curve associated with the dialog 
box. If a curve exists and you want to edit the control points of that curve, the Control Point list 
will display all of the control points for that curve. 

Determining the Length Between Two Points on a Scan 
To determine the length between two points on a scan, do the following: 

1. Access the Construct Curve dialog box (Insert | Feature | Constructed | Curve). 
2. Select a previously created scan for your input. 
3. Click the Create button. PC-DMIS will insert a constructed curve into the Edit window. 
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4. On the Edit window (View | Edit Window), in Command mode, locate the last line of the 
constructed curve code block: 
CONSTR/CURVE 

5. Press TAB until PC-DMIS highlights the ID for the scan you selected to use as the input. 
6. Change the input ID to use specific points from the scan by typing SCN1.HITS[n..m] 

where SCN1 represents your scan ID and n and m represent a range between two points 
(or hits) on the scan. For example, if you wanted to get the length between hits 50 and 80 
of the scan with an ID of SCN12, you would type, SCN12.HITS[50..80]. 

7. Create a Location dimension and use the constructed curve as the input. Use the 
dimension to report the L axis (L for Length). The location dimensions would then display 
the length of the spline between the two hits you specified. 

If you omit steps 4, 5, and 6, PC-DMIS will report the entire length of the scan (or curve). 

  

Constructing a Cylinder Feature 
 

 
Construct Cylinder dialog box 

PC-DMIS allows several methods for constructing a cylinder. The following table lists the various 
types of constructed cylinders, along with their necessary inputs. Some features may require no 
inputs while others may require six inputs or more. In the following table, the term 'Any' indicates 
that the construction can take any type of feature as input for construction. PC-DMIS allows the 
features to be selected in any order. 

CONSTRUCT 
FEATURE 

TYPE 

SYMBOL IN 
EDIT 

WINDOW 
#  OF INPUT 

FEATS FEAT #1: FEAT 
#2: COMMENTS 
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Auto Cylinder - - - - See "Auto Cylinder 
Construction". 

Best Fit Cylinder BF 
At least 6 inputs 
are needed. See 
Notes below. 

- - 
Constructs best fit 
cylinder using 
given inputs. 

Best Fit Recomp 
Cylinder BFRE 

At least 6 inputs 
are needed. (1 
must be a point) 
See Notes 
below. 

- - 
Constructs best fit 
cylinder using 
given inputs. 

Cast Cylinder CAST 1 Any - 
Constructs 
cylinder at centroid 
of input feature 

Project Cylinder PROJ 1 or 2 Any Plane 
1 input feature will 
project cylinder to 
work plane 

Reverse 
Cylinder REV 1 

Cylinder, 
Cone, 
Line, Slot 

- 
Constructs a 
cylinder with a 
reversed vector 

Note: You can construct Best Fit and Best Fit Recompensate Cylinders from two circles. The 
input circles must be of type Constructed Best Fit (BF) / Best Fit Recompensate (BFRE) or 
Measured circles. The total amount of hits in each circle must be at least three. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can use any 
feature type for your input features, BF and BFRE fit types are typically used with point features 
or point sets (a scan of points, a feature set with points, or an expression that resolves to an array 
of points). 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To construct a cylinder: 
1. Access the Construct Cylinder dialog box (Insert | Feature | Constructed | Cylinder). 
2. Input the desired features. 
3. Select the method of construction. Available options include: 

• Best Fit or Best Fit Recompensate Cylinder 
• Cast Cylinder 
• Projected Cylinder 
• Reversed direction Cylinder 
• Auto Cylinder 

4. Click the Create button. 

The Edit window command line for a sample Cylinder Construction would read: 
feature_name=FEAT/CYLINDER,TOG1,TOG4,TOG5 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,diam,length 
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ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,diam,length 
CONSTR/TOG2,TOG3,...... 

Note: The actual Edit report will be displayed in all CAPS. 

AUTO is the default method of construction. This option automatically determines the best way to 
construct a cylinder using the input feature(s). See "Auto Cylinder Construction" 

The following text is the basic format for cylinders. 

TOG1 = POLR or RECT 

TOG2 = CYLINDER 

TOG3 = BF / BFRE / CAST / PROJ / REV 

TOG4 = IN / OUT 

TOG5 = LEAST_SQR / MAX_INSC / MIN_CIRCSC / MIN_SEP / FIXED_RAD (only for 
measured, BF and BFRE circles) 

length = is measured between the first measured circle (first three hits) and the furthest point 
away from the first three hits. 

The first three lines displayed in the Edit window will be the same for constructed cylinders. The 
fourth line will be slightly different, according to the type of feature being constructed. You can 
switch between the different types of cylinders by placing the cursor on TOG3 and pressing F7 or 
F8. (See "Command Mode Keyboard Functions" in the "Using the Edit Window" chapter.) 

When two or more features are involved, PC-DMIS automatically determines the necessary order 
of the input features. This improves the accuracy of the measurement process. 

The following paragraphs describe the available options for constructing a cylinder: 

 

In / Out Cylinder 

The In and Out options tell PC-DMIS whether to construct the cylinder as an internal or an 
external cylinder. 

• If you select In, PC-DMIS constructs the cylinder as an internal cylinder. 
• If you select Out, PC-DMIS constructs the cylinder as an external cylinder. 

 

Auto Cylinder Construction 
The following list indicates the type of cylinder that PC-DMIS constructs when the you select the 
specified inputs and choose the Auto option. The order of the selected features is not important. 
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If you choose an incorrect input feature, PC-DMIS displays an error message and does not 
automatically construct the indicated feature type. 

5 or more Features = Best Fit Cylinder 

Any 1 Feature (other than Cylinder/Set) = Cast Cylinder 

Any 1 Set = Best Fit Cylinder 

Cylinder = Reverse Cylinder 

Plane + Any Feature = Project Cylinder 

Note: Certain patterns of points (such as two rows of three equally spaced points or two rows of 
four equally spaced points) result in multiple ways to construct or measure a cylinder, and PC-
DMIS's Best Fit algorithm may construct or measure the cylinder using an unexpected solution. 
For best results, measured or constructed cylinders should use a pattern of points that will 
eliminate unwanted solutions. 

To allow PC-DMIS to automatically determine the best method of construction: 
1. Access the Construct Cylinder dialog box (Insert | Feature | Constructed | Cylinder). 
2. Select the Auto option from the list of options. 
3. Select the desired feature or features. 
4. Click the Create button. 

Constructing a Best Fit or Best Fit Recompensate 
Cylinder 

 

A best fit cylinder can be constructed from six or more points. The first three points must be on an 
approximately planar cross section of the cylinder that is normal to its centerline. The best fit 
construction method takes the actual measured points, rather than the ball's center (as in the 
case of best fit recompensate). In both cases PC-DMIS computes a least squares cylinder, one 
for which PC-DMIS minimizes the average squared distance from the data points to the cylinder. 

Note: Be aware that certain patterns of points (such as two rows of three equally spaced points 
or two rows of four equally spaced points) result in multiple ways to construct or measure a 
cylinder, and the Best Fit algorithm may construct or measure the cylinder using an unexpected 
solution. For best results, measured or constructed cylinders should use a pattern of points that 
will eliminate unwanted solutions. 

To Construct a Best Fit or Best Fit Recompensate Cylinder: 
1. Access the Construct Cylinder dialog box (Insert | Feature | Constructed | Cylinder). 
2. Select either the Best Fit or BF Recomp option. 
3. Enter your input features by either choosing at least two appropriate circle features or at 

least six features of any type. 
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• For at least two circle features, they must be constructed Best Fit (BF) / constructed 
Best Fit Recompensate (BFRE), ormeasured circles. The total amount of hits in each 
circle must be at least three. 

• For at least six features, they can be of any type. 

• However, if you selected BF Recomp, at least one feature must be a point. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can 
use any feature type for your input features, BF and BFRE fit types are typically used with 
point features or point sets (a scan of points, a feature set with points, or an expression 
that resolves to an array of points). 

4. From the list that appears, choose the type of construction. For information on the 
different types, see "Best Fit Type". 

5. Click the Create button. 

Note: The math routine that PC-DMIS uses to gets the points from the input features 
behaves differently depending on the type of input feature. Constructed features other than 
the appropriate input circles described above return a single point. The constructed BF 
circles, constructed BFRE circles, or measured circles described above return their input 
points. 

The Edit window command line for this option would read: 
CONSTR/CYLINDER,BF,feat_1,feat_2,feat_3,feat_4,feat_5,feat_6 
(Uses the actual measured points for construction.) 
 
or 
 
CONSTR/CYLINDER,BFRE,feat_1,feat_2,feat_3,feat_4,feat_5,... 
(Uses the center of the probe for measurement.) 

 
A - Best Fit Cylinder constructed from eight points. 

Constructing a Cylinder from Six or More Points 
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Best Fit Type 

 
This list becomes available if you select Best Fit or BF Recomp options when constructing the 
cylinder. It allows you to specify the type of Best Fit construction used. Available types include: 

• LEAST_SQR 
• MAX_INSC 
• MIN_CIRCSC 
• MIN_SEP 
• FIXED_RAD 

These calculation types are already discussed in the "Best Fit Type" topic for a constructed circle 
feature. 

 

Constructing a Projected Cylinder 
A cylinder can be constructed from any feature and a plane. The diameter of the projected 
cylinder will be the diameter of the first input feature (if circular) or twice the probe diameter if not 
a circular feature. You will need to input the length and diameter for bound measurements. If 
there is only one input feature, the projection will be to the work plane. 

To construct a Projected Cylinder: 
1. Access the Construct Cylinder dialog box (Insert | Feature | Constructed | Cylinder). 
2. Select the Projection option. 
3. Select either one or two features. If one feature is selected, the feature can be of any 

type. If two features are selected, the first feature can be of any type. The second feature 
must be a plane. 

4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CYLINDER,PROJ,feat_1,(feat_2) 

 

Constructing a Cast Cylinder 
A cylinder can be constructed by changing any given feature into a cylinder. PC-DMIS constructs 
the cylinder at the centroid of the input feature. If a sheet metal point is used, the diameter is the 
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probe diameter. For some sheet metal features (such as slots and notches) the width will be used 
as the diameter. For features that do not have diameters (lines, points, etc.), a value that is four 
times the probe diameter is used. 

You can change the size of the cylinder; this changes the cylinder from DEPENDENT to 
INDEPENDENT. This means that when the cylinder is executed that the length and diameter will 
not change based on the input feature but will be independent of the input feature, while the 
position and vector will remain dependent on the input feature. This allows you to have control 
over the cylinder size in cases where the input feature doesn’t really have a length and diameter, 
such as a point. The DEPENDENT/INDEPENDENT field is a toggle field that you may change. 

PC-DMIS uses the new attributes for all calculations (for example, if the diameter is changed) 
instead of the default values as described above. 

To construct a Cast Cylinder: 
1. Access the Construct Cylinder dialog box (Insert | Feature | Constructed | Cylinder). 
2. Select the Cast option. 
3. Select one feature. The feature can be of any type. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CYLINDER,CAST,feat_1, (DEPENDENT | INDEPENDENT) 

 

Changing the Direction of a Cylinder 
A cylinder can be constructed with a reversed vector. 

To construct a Reverse Cylinder: 
1. Access the Construct Cylinder dialog box (Insert | Feature | Constructed | Cylinder). 
2. Select the Reverse option. 
3. Select one feature. It must be a cylinder. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CYLINDER,REV,feat_1 

Constructing a Cone Feature 
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Construct Cone dialog box 

PC-DMIS allows several methods for constructing a cone. The following table lists the various 
types of constructed cones, along with their necessary inputs. Some features may require no 
inputs while others may require six inputs or more. The term 'Any' in the table below indicates that 
the construction can take any type of feature as input for construction. PC-DMIS allows the 
features to be selected in any order. 

CONSTRUCT 
FEATURE 

TYPE 

SYMBOL IN 
EDIT 

WINDOW 
#  OF INPUT 

FEATS 
FEAT 

#1: 
FEAT 

#2: COMMENTS 

Auto Cone - - - - See "Auto Cone 
Construction". 

Best Fit Cone BF 
At least 6 
inputs are 
needed. 

- - 

Constructs best fit cone 
using given inputs. See 
the Note below for 
recommended inputs. 

Best Fit with 
Recomp Cone BFRE 

At least 6 
inputs are 
needed. (1 
must be a 
point) 

- - 

Constructs best fit cone 
using given inputs. See 
the Note below for 
recommended inputs. 

Cast Cone CAST 1 Any - Constructs cone at 
centroid of input feature 

Project Cone PROJ 1 or 2 Any Plane 
Using 1 input feature will 
project cone to work 
plane 

Reverse Cone REV 1 Cone - 
Constructs cone with a 
reversed vector for the 
axis 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can use any 
feature type for your input features, BF and BFRE fit types are typically used with point features 



Constructing New Features from Existing Features 

116 

or point sets (a scan of points, a feature set with points, or an expression that resolves to an array 
of points). 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To construct a cone: 
1. Access the Construct Cone dialog box (Insert | Feature | Constructed | Cone). 
2. Input the desired features. 
3. Select the method of construction. Available options include: 

• Best Fit or Best Fit Recompensate Cone 
• Cast Cone 
• Projected Cone 
• Reversed direction Cone 
• Auto Cone 

4. Click the Create button. 

The Edit window command line for this option would read: 
 
feature_name=FEAT/CONE,TOG1,TOG4,ANG 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,ang 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,ang 
CONSTR/TOG2,TOG3,...... 
 
feature_name=FEAT/CONE,TOG1,TOG4,LENG 
THEO/x_cord,y_cord,z_cor,i_vec,j_vec,k_vec,leng,diam_1,diam_2 
ACTL/x_cord,y_cord,z_cor,i_vec,j_vec,k_vec,leng,diam_1,diam_2 
CONSTR/TOG2,TOG3,...... 

Note: The actual Edit report will be displayed in all CAPS. 

TOG1 = POLR or RECT 

TOG2 = CONE 

TOG3 = BF / BFRE / CAST / PROJ / REV 

TOG4 = IN / OUT 

TOG5 = ANG / LENG 

The first three lines displayed in the Edit window are similar for constructed cones. If the feature 
is bound or unbound, the theoretical and actual values that are displayed will vary. The fourth line 
will be slightly different, according to the type of feature being constructed. You can switch 
between the different types of cones by placing the cursor on TOG and clicking the left mouse 
button. The keyboard can also be used to switch toggle fields. (See "Command Mode Keyboard 
Functions" in the "Using the Edit Window" chapter.) 
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When two or more features are involved, PC-DMIS automatically determines the necessary order 
of the input features. This improves the accuracy of the measurement process. 

Auto is the default method of construction. This option automatically determines the best way to 
construct a cone using the input feature(s). See "Auto Cone Construction" 

The following paragraphs describe the available options for constructing a cone: 

 

In / Out Cone 

The In and Out options tell PC-DMIS whether to construct the cone as an internal or an external 
cone. 

• If you select In, PC-DMIS constructs the cone as an internal cone. 
• If you select Out, PC-DMIS constructs the cone as an external cone. 

 

Auto Cone Construction 
The following table indicates the type of cone that will be constructed when the specified inputs 
are selected and the AUTO option is chosen. The order of the selected features is not important. 
If an incorrect input feature(s) is selected, PC-DMIS will display an error message and will not 
automatically construct the indicated feature type. 

To allow PC-DMIS to automatically determine the best method of construction: 
1. Access the Construct Cone dialog box (Insert | Feature | Constructed | Cone). 
2. Select the Auto option the list of options. 
3. Select the desired feature(s) based on the table below. 
4. Click the Create button. 

The following lists the constructed feature that are created based on the input feature selected: 

6 or more Features = Best Fit Cone 

Plane + Any Feature = Project Cone 

Cone = Reverse Cone 

Any 1 Feature (other than Cone/Set) = Cast Cone 

Any 1 Set = Best Fit Cone 
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Constructing a Best Fit or Best Fit Recompensate Cone 
A best fit cone can be constructed using six or more features. The first three inputs must be on an 
approximately planar cross section of the cone that is normal to its centerline. The remainder of 
the points should lie either above or below the plane defined by the first three points, but not on 
both sides of the plane. This method of measuring will yield the best results. The best fit 
construction method takes the actual measured points, rather than the ball's center (as in the 
case of best fit recompensate). In both cases PC-DMIS computes a least squares cone, one for 
which PC-DMIS minimizes the average squared distance from the data points to the cone. 

To Construct a Best Fit or Best Fit Recompensate Cone: 
1. Access the Construct Cone dialog box (Insert | Feature | Constructed | Cone). 
2. Select either the Best Fit or BF Recomp option. 
3. Enter in at least six features. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can 
use any feature type for your input features, BF and BFRE fit types are typically used with 
point features or point sets (a scan of points, a feature set with points, or an expression 
that resolves to an array of points). 

Note: If you choose Best Fit Recompensate at least one feature must be a point. 

4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CONE,BF,feat_1,feat_2,feat_3,feat_4,feat_5,feat_6 
(Uses the actual measured points for construction.) 

or 

CONSTR/CONE,BFRE,feat_1,feat_2,feat_3,feat_4,feat_5,feat_6 
(Uses the center of the probe for measurement.) 

 
A - Best Fit cone constructed from nine points. 
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Constructing a Cone from Six or More Points 

  

 

Constructing a Projected Cone 
A cone can be constructed by projecting any feature onto a plane. If the projected input feature is 
not a cone, PC-DMIS will use default values for the included angle and two axis lengths. The first 
length is the distance between the vertex and the first circle. The second length is the distance 
between the two circles. If there is only one input, the projection will be to the current work plane. 

To construct a Projected Cone: 
1. Access the Construct Cone dialog box (Insert | Feature | Constructed | Cone). 
2. Select the Projection option. 
3. Select either one or two features. If one feature is selected, the feature can be of any 

type. If two features are selected, the first feature can be of any type. The second feature 
must be a plane. 

4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CONE,PROJ,feat_1,(feat_2) 

 

Constructing a Cast Cone 
A cone can be constructed by changing any given feature into a cone. PC-DMIS will construct the 
cone at the centroid of the input feature. If the input feature is not a cone, PC-DMIS will use a 
default value for the included angle. If the input feature is not a line element (line, cylinder, or 
slot), PC-DMIS will use a default length for the axis length. 

You can change the size of the cone; this changes the cone from DEPENDENT to 
INDEPENDENT. This means that when the cone is executed that the size will not change based 
on the input feature, but will be independent of the input feature, while the position and vector 
remain dependent on the input feature. This allows you to have control over the cone's size in 
cases where the input feature doesn't really have a size, such as a point. The 
DEPENDENT/INDEPENDENT field is a toggle field that you may change. 

PC-DMIS will use the new attributes for all calculations (for example, if the half angle is changed) 
instead of the default values as described above. 

To construct a Cast Cone: 
1. Access the Construct Cone dialog box (Insert | Feature | Constructed | Cone). 
2. Select the Cast option. 
3. Select one feature of any type. 
4. Click the Create button. 



Constructing New Features from Existing Features 

120 

The Edit window command line for this option would read: 
CONSTR/CONE,CAST,feat_1, (DEPENDENT | INDEPENDENT) 

 

Changing the Direction of a Cone 
A cone can be constructed with a reversed vector. 

To construct a Reverse Cone: 
1. Access the Construct Cone dialog box (Insert | Feature | Constructed | Cone). 
2. Select the Reverse option. 
3. Select one feature. It must be a cone. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/CONE,REV,feat_1 

Variations 
The first example shown below is of the Edit window when the user changes TOG5 to ANG. The 
unbounded cone format is displayed in this first example. The second example shows the display 
when you change TOG5 to LENG. Diam_1 is defined as the diameter of the height of the first 
three hits. Diam_2 is the diameter of the furthest point away from the first diameter. Length is the 
distance between the two diameters. 

The bounded cone format is shown in the second example. 
feature_name=FEAT/CONE,TOG1,TOG4,ANG 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,ang 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,ang 
CONSTR/TOG2,TOG3,...... 
 
feature_name=FEAT/CONE,TOG1,TOG4,LENG 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,length,diam_1,diam_2 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,length,diam_1,diam_2 
CONSTR/TOG2,TOG3,...... 

Constructing a Sphere Feature 
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Construct Sphere dialog box 

There are several ways to construct a sphere using PC-DMIS. The following table lists the 
various types of constructed spheres, along with their necessary inputs. Some features may 
require no inputs while others may require five inputs or more. The term 'Any' indicates that the 
construction can take any type of feature as input for construction. PC-DMIS allows the features 
to be selected in any order. 

CONSTRUCT 
FEATURE 

TYPE 

SYMBOL IN 
EDIT 

WINDOW 
#  OF INPUT 

FEATS 
FEAT 

#1: 
FEAT 

#2: COMMENTS 

Auto Sphere - - - - See "Auto Sphere 
Construction". 

Best Fit Sphere BF 
At least 5 
inputs are 
needed. 

- - 

Constructs best fit 
sphere using given 
inputs. See the Note 
below for recommended 
inputs. 

Best Fit with 
Recomp Sphere BFRE 

At least 5 
inputs are 
needed. (1 
must be a 
point) 

- - 

Constructs best fit 
sphere using given 
inputs. See the Note 
below for recommended 
inputs. 

Cast Sphere CAST 1 Any - Constructs sphere at 
centroid of input feature 

Projected 
Sphere PROJ 1 or 2 Any Plane 

1 input feature will 
project sphere to work 
plane 

Reverse Sphere REV 1 Sphere - Constructs sphere with a 
reversed vector 
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Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can use any 
feature type for your input features, BF and BFRE fit types are typically used with point features 
or point sets (a scan of points, a feature set with points, or an expression that resolves to an array 
of points). 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To construct a sphere: 
1. Access the Construct Sphere dialog box (Insert | Feature | Constructed | Sphere). 
2. Input the desired features. 
3. Select the method of construction. Available options include: 

• Auto Sphere 
• Best Fit or Best Fit Recompensate Sphere 
• Projected Sphere 
• Cast Sphere 
• Reversed direction Sphere 

AUTO is the default method of construction. This option automatically determines the 
best way to construct a sphere using the input feature(s). See "Auto Sphere 
Construction". 

4. Click the Create button. 

The Edit window command line for a sample Sphere Construction would read: 
feature_name=FEAT/SPHERE,TOG1,TOG4 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,diam 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec,diam 
CONSTR/TOG2,TOG3 

Note: The actual Edit report will be displayed in all CAPS. 

TOG1= POLR or RECT 

TOG2 = SPHERE 

TOG3 = BF / BFRE / CAST / PROJ / REV 

TOG4 = IN / OUT 

The first three lines displayed in the Edit window will be the same for constructed spheres. The 
fourth line will be slightly different, according to the type of feature being constructed. You can 
switch between the different types of spheres by placing the cursor on TOG3 and pressing F7 or 
F8. (See "Command Mode Keyboard Functions" in the "Using the Edit Window" chapter.) 

When two or more features are involved, PC-DMIS automatically determines the necessary order 
of the input features. This improves the accuracy of the measurement process. 

The following paragraphs describe the available options for constructing a sphere. 
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In / Out Sphere 

The In and Out options tell PC-DMIS whether to construct the sphere as an internal or an 
external sphere. 

• If you select In, PC-DMIS constructs the sphere as an internal sphere. 
• If you select Out, PC-DMIS constructs the sphere as an external sphere. 

 

Auto Sphere Construction 
The following list indicates the type of sphere that PC-DMIS constructs when you select the 
specified inputs and choose the Auto option. The order of the selected features is not important. 
If you choose an incorrect input feature, PC-DMIS displays an error message and does not 
automatically construct the indicated feature type. 

4 or more Features = Best Fit Sphere 

Any 1 Feature (except Sphere/Set) = Cast Sphere 

Any 1 Set = Best Fit Sphere 

Plane + Any Feature = Project Sphere 

Sphere = Reverse Sphere 

To allow PC-DMIS to automatically determine the best method of construction: 
1. Access the Construct Sphere dialog box (Insert | Feature | Constructed | Sphere). 
2. Select the Auto option from the list of options. 
3. Select the desired feature or features. 
4. Click the Create button. 

 

Constructing a Best Fit or Best Fit Recompensate 
Sphere 
A "best fit" sphere can be constructed using five or more features. The best fit construction 
method takes the actual measured points, rather than the ball's center (as is the case of best fit 
recompensate). In both cases PC-DMIS computes a least squares sphere, one for which PC-
DMIS minimizes the average squared distance from the data points to the sphere. 

To construct a Best Fit or a Best Fit Recompensate Sphere: 
1. Access the Construct Sphere dialog box (Insert | Feature | Constructed | Sphere). 
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2. Select either the Best Fit or Best Fit Recompensate option (shown as Best Fit and BF 
Recomp from the Construct Sphere dialog drop-down list). 

3. From the list that appears, choose the type of construction. For information on the 
different types, see "Best Fit Type". 

4. Select five or more features. 

Note: For Best Fit (BF) or Best Fit Recompensate (BFRE) constructions, while you can 
use any feature type for your input features, BF and BFRE fit types are typically used with 
point features or point sets (a scan of points, a feature set with points, or an expression 
that resolves to an array of points). 

Note: On Best Fit Recompensate, one of the five features must be a point. 

5. Click the Create button. 

The Edit window command line for this option would read: 

CONSTR/SPHERE,BF,feat_1,feat_2,feat_3,feat_4,feat_5... 

(Uses the actual measured points for construction.) 

or 

CONSTR/SPHERE,BFRE,feat_1,feat_2,feat_3,feat_4,feat_5... 

(Uses the center of the probe for measurement.) 

 
A - Best fit sphere constructed from five points. 

Constructing a Sphere from five or More Points 
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Constructing a Projected Sphere 
A sphere can be constructed by projecting any feature into the current working plane. PC-DMIS 
projects the point where the plane intersects the point. If you only have one input feature, it 
projects the point to the work plane. You should input the desired diameter when projecting a 
feature into the working plane; otherwise PC-DMIS uses the probes' diameter. 

To construct a Projected Sphere: 
1. Access the Construct Sphere dialog box (Insert | Feature | Constructed | Sphere). 
2. Select the Projection option. 
3. Select either one or two features. The first feature can be of any type. The second feature 

must be a plane. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/SPHERE,PROJ,feat_1,(feat_2) 

 

Constructing a Cast Sphere 
A sphere can be constructed by changing any given feature into a sphere. PC-DMIS will construct 
the circle at the centroid of the input feature. If a sheet metal point is used, the diameter will be 
the probe diameter. For some sheet metal features (such as slots and notches) the width will be 
used as the diameter. For features that do not have diameters (lines, points, etc.), a value that is 
four times the probe diameter will be used. 

You can modify the diameter of the sphere; this changes the sphere from DEPENDENT to 
INDEPENDENT. This means that when the sphere is executed that diameter will not change 
based on the input feature but will be independent of the input feature, while the position and 
vector remain dependent on the input feature. This allows you to have control over the diameter 
in cases where the input feature doesn’t really have a diameter, such as a point. The 
DEPENDENT/INDEPENDENT field is a toggle field you may change. 

PC-DMIS will use this diameter value for all calculations instead of using the default diameter 
value as described above. 

To construct a Cast Sphere: 
1. Access the Construct Sphere dialog box (Insert | Feature | Constructed | Sphere). 
2. Select the Cast option. 
3. Select one feature of any type. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/SPHERE,CAST,feat_1, (Dependent | Independent) 
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Changing the Direction of a Sphere 
A sphere can be constructed with a reversed vector. 

To construct a Reverse Sphere: 
1. Access the Construct Sphere dialog box (Insert | Feature | Constructed | Sphere). 
2. Select the Reverse option. 
3. Select one feature. It must be a sphere. 
4. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/SPHERE,REV,feat_1 

Constructing a Surface 
 

 
Construct Surface dialog box 

There are two types of constructed surfaces (Independent Surface and Dependent Surface) 
available in PC-DMIS. The following table shows the two surfaces, along with their necessary 
inputs. The only input that the surface will take is a patch scan. The scan must contain at least 
two rows of four points per row. 

Note: A future release will allow for clouds of points when constructing a surface. 
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CONSTRUCT 
FEATURE TYPE 

SYMBOL IN EDIT 
WINDOW 

#  OF 
INPUT 
SETS 

INPUT #1: COMMENTS 

Dependent 
Surface DEPENDENT 1 

Patch scan 
containing at least 
2 rows with 4 points 
per row 

Surface will update 
as input feature 
changes 

Independent 
Surface INDEPENDENT 1 

Patch scan 
containing at least 
2 rows with 4 points 
per row. 

Uses input feature 
for construction 
only 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To construct a Surface: 
1. Access the Construct Surface dialog box (Insert | Feature | Constructed | Surface). 
2. Input the desired patch scan. 
3. Select the various construction options. 
4. Click the Create button. 

The Edit window command line for a sample Surface Construction would read: 
feature_name=FEAT/SURFACE,TOG1,CONTROL POINTS U, 
CONTROL POINTS V, NUM POINTS FIT,TOG2 
THINNING PARAMETER U, THINNING PARAMETER V 
CONSTR/SURFACE, INPUT TYPE, INPUT ID 

Note: The actual Edit report will be displayed in all CAPS. 

DEPENDENT is the default method of construction. 

TOG1 = Dependent or Independent. 

TOG2 = Tolerance or Proportion 

The following paragraphs describe the available options for constructing a surface: 

Constructing a Dependent/Independent Surface 
 

All constructed surfaces start out as dependent surfaces and must be created from a single input 
-- a patch scan. The patch scan must contain at least two rows with four points per row. Thinning 
tolerances are used to control the tightness of the surface fit. 

• Small tolerances: If the thinning tolerances are small, the algorithm will attempt to fit the 
surface through all of the points in the scan. 

• Large tolerances: If the thinning tolerances are large, the surface will be more of an 
approximation to the scan. The best way to see this is to construct a surface and then 
change the thinning tolerances and see how the shape of the surface changes. 
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Note: The smaller the thinning tolerance the longer it will take to create the surface. Be aware 
that the small tolerances (.01 - .05) may take a considerable amount of time (one hour) to create 
the surface if the input scan is large or not well behaved. Valid thinning tolerances range from 
0.01 to 5.0 with the default being 0.5. 

The appearance of the surface can be controlled by the surface grid density values. The surface 
will be displayed as an N x M mesh of polylines with the default being a 5x5 mesh and the lowest 
value being a 2x2 mesh. To make a dependent surface independent so that it is no longer 
associated with the input scan, change the DEPENDENT field in the Edit window. 

Note: The shape of the surface cannot be changed. 

To construct a Dependent / Independent Surface: 
1. Access the Construct Surface dialog box (Insert | Feature | Constructed | Surface). 
2. Set the value for the Thinning Tol U: box 
3. Set the value for the Thinning Tol V: box. This applies a tolerance value to the V axis. 
4. Set the values for the surface grid density. 
5. Select the desired constructions options. These include: 

• Optimize Surface 
• Apply Tension Factor 
• Create Corners 
• Smooth Bad Data 

6. Select a patch scan feature set containing at least 2 rows with 4 points per row. 
7. Click the Create button. 

  
 

Thinning Parameters (Thinning Tolerance or Thinning 
Proportion) 

You can use one of two types of thinning parameters: Thinning Tolerance or Thinning Proportion. 
The Use tolerance check box on the Construct Surface and Construct Curve dialog boxes 
(Insert | Feature | Constructed | Surface and Insert | Feature | Constructed | Curve, 
respectively) lets you switch between either tolerance or proportion: 

• Thinning tolerance controls the tightness (or exactness) of the curve or surface fit. Valid 
thinning tolerances range from 0.0 to 5.0, with the default being 0.01. The smaller the 
thinning tolerance, the closer the curve comes to passing through the centroids of the 
features included in the input set. If the thinning tolerance is 0.0, the curve or surface will 
pass through all of the centroids. A larger thinning tolerance will result in a curve or 
surface that has fewer fluctuations (at the expense of not lying near the input set's 
features). To see this, construct a curve or surface and then change the input tolerance 
and examine how its shape changes. 

• Thinning proportion, alternately, may be used to control the quality of the fit. Valid 
thinning proportions range from between 0.0 and 1.0, with a default value of 0.33. The 
thinning proportion determines the number of degrees of freedom available in fitting the 
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curve or surface to the centroids. At the lower extreme of 0, the algorithm will attempt to 
fit a straight line or plane to the centroids. At 1, it will compute a fit that passes through all 
of the centroids. 

To make a DEPENDENT curve an INDEPENDENT curve (so that it is no longer associated 
with the input set): 

1. Open the Edit window (View | Edit Window). 
2. Select the curve feature that you constructed. 
3. Navigate to the DEPENDENT field of that feature. 
4. Press F7. It will change from DEPENDENT to INDEPENDENT. 

You can change the shape of the curve by editing its control points. 

 

Thinning Parameter U 

This box in the Construct Surface dialog box (Insert | Feature | Constructed | Surface) 
enables you to set a thinning parameter value applying to the U axis of the surface. 

 

Thinning Parameter V 

This box in the Construct Surface dialog box (Insert | Feature | Constructed | Surface) 
enables you to set a thinning parameter value applying to the V axis of the surface. 

 

Surface Grid Density 

This box in the Construct Surface dialog box (Insert | Feature | Constructed | Surface) 
enables you to set the density of a surface scan. The higher the values, the more splines there 
will be. 

 

Optimize Surface 

Control Points are points that mark begin and end points of splines in a surface grid. 

This check box in the Construct Surface dialog box (Insert | Feature | Constructed | Surface) 
will attempt to optimize the knots and control points of the initial splines from which the surface 
will be constructed. 
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Surface Grid with Control Points (A), Knots (B), and Splines (C) 

 

Apply Tension Factor 

Surfaces created using the Apply tension factor check box in the Construct Surface dialog box 
(Insert | Feature | Constructed | Surface) will tend to be tauter (tighter) and shorter, but may fit 
the data slightly less closely. 

 

Create Corners 

This check box in the Construct Surface dialog box (Insert | Feature | Constructed | Surface) 
enables corners to be added to the surface at areas where the data appears to make an abrupt 
change in direction. 

 

Smooth Bad Data 

This check box in the Construct Surface dialog box (Insert | Feature | Constructed | Surface) 
attempts to throw out bad data. Bad data is evaluated as data that has an abrupt change in 
direction. This option is almost the opposite of the Create Corners option above. 

Constructing a Set of Features 
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Construct Feature Set dialog box 

The Set menu command allows you to construct a set of features. This is done by selecting (or 
keying in) all the features to be used in the set. When you click the Create button, PC-DMIS will 
average all the input centroids, and display a set marker along with the new ID for the set. 

Note: If you select inappropriate feature types, PC-DMIS displays "Cannot construct [feature]. 
Combination of input features not accepted." on the status bar. 

To construct a Feature Set: 
1. Access the Construct Feature Set dialog box (Insert | Feature | Constructed | Set).  
2. Select the features you want in your feature set. 
3. Click the Create button. The new feature set is given a feature ID and is placed in the 

Graphic Display window. 

The Edit window command line for a sample Surface Construction would read: 
feature_name=FEAT/SET,TOG1, 
THEO/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec, 
ACTL/x_cord,y_cord,z_cord,i_vec,j_vec,k_vec, 
CONSTR/TOG2,feat_1, feat_2, feat_3... 

TOG1= POLR or RECT 

TOG2 = SET 

The first three lines displayed in the Edit window will be the same for constructed sets. The fourth 
line will be slightly different, according to the number of features used in the set. 

There are currently two uses for sets in PC-DMIS for Windows: 
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Profile Error from a Set 

If CAD data is being used, a set can be constructed from measured points on a surface. When 
you ask for the PROFILE of the feature set, PC-DMIS will report the zone between the minimum 
normal to surface error and the maximum normal to surface error. (See "Dimensioning Surface or 
Line Profile" in the "Using Legacy Dimensions" chapter for more information.) 

  
 

Average Values from a Set 

When a set is made from input features, PC-DMIS averages the X, Y, and Z values of the input 
features. For example, the set can be used to get the average Z value of a series of measured 
points. 

 

Using a Range of Hits from a Scan as Inputs 

You can use a range of hits from an existing scan for your feature set inputs instead of selecting 
individual features. 

To do this: 

1. Access the Construct Feature Set dialog box (Insert | Feature | Constructed | Set). 
2. Select a scan to use as the input. 
3. Click OK. The command appears in the Edit window. 
4. Place the Edit window into Command mode. 
5. Navigate to the feature set command in the Edit window. 
6. Select the scan ID on the CONSTR/SET command line. 
7. Modify the scan ID to take a range of hits, using a syntax like this: 

<ID>.HIT<STARTHIT>..<ENDHIT> 

<ID> - Specifies the ID of the scan. 

<STARTHIT> - Number that specifies the beginning hit in the range of hits. 

<ENDHIT> - Number that specifies the ending hit in the range of hits. 

For example, the following code shows a constructed set using hits 1 through 10 of a scan named 
SCN1 for its input features. 

SET1=FEAT/SET,RECT 
THEO /2.2953,3.7467,0.95,0,0,1 
ACTL /2.2953,3.7467,0.95,0,0,1 
CONSTR/SET,BASIC,SCN1.HIT[1..10],, 
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You can use an actual expression (similar to the input code) to assign the X values of the first five 
features of the constructed set into an array. For example, the following code would assign just 
the X values of the first five hits to variable V2 and then display the values in an operator 
comment. 

ASSIGN/V2 = SET1.HIT[1..5].X 
COMMENT/OPER,YES,V2 is: 
,V2 

For information on using expressions to return a range of hits as an array, see the "Hit Arrays" 
topic in the "Using Expressions and Variables" chapter. 

Constructing a Filter Set 
 

 
Construct Filter Feature dialog box 

This command allows you to construct a filter set from a scan, certain constructed features, or 
another filter set. This is done by selecting (or keying in) the input feature, the type of filter 
desired, and the parameters to be used with the filter. When you click the Create button, PC-
DMIS will apply the filter routine to the data in the input feature and display a set marker along 
with the new ID for the set. 

This command is typically used to smooth ball center data from a scan. PC-DMIS applies a 
lowpass Gaussian or another lowpass filter to smooth the data. 

Note: If you select inappropriate feature types, PC-DMIS displays an error message saying it 
cannot construct the feature. 

To construct a Filter Set: 
1. Access the Construct Filter Feature dialog box (Insert | Feature | Constructed | 

Filter). 
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2. Select an input for the filter set. 
3. Select either the Polar or Linear option to smooth circle or linear data, respectively. 
4. Select the type of filter from the Filter Type list. 
5. Type in values for any of the filter parameters. 
6. If you want to remove outliers before filtering, select the Outlier Removal check box and 

the Standard Deviation Multiple check box. 
7. Click the Create button. 

The Edit window command line for this option would read: 
CONSTR/SET/FILTER,TOG1,TOG2,feat_1, 
VAL1,VAL2,OUTLIER_REMOVAL/TOG3,VAL3 

For example: 

CONSTR/SET,FILTER,GAUSSIAN,POLAR,SCN1, 
WIDTH=3,UPR =50,OUTLIER_REMOVAL/ON,3 

TOG1 = Gaussian / Spline / Uniform / Triangle / Cylindrical 

TOG2 = Polar / Linear 

Feat_1 = This is the input feature for this filter. 

VAL1 = Filter width. 

VAL2 = Cutoff frequency in undulations per revolution (UPR). 

TOG3 = This value switches between ON or OFF. It determines if outliers should be 
removed before filtering. 

VAL3 = Standard deviation multiplier. If TOG3 is ON then all the points in the input that 
have more than this number of standard deviations from the least squares substitute 
feature (for example, circle, or line) will be removed before filtering. 

The options supplied in this dialog box are discussed below. 

 

Linear option 
The Linear option in the Construct Filter Feature dialog box (Insert | Feature | Constructed | 
Filter) enables you to filter the data in a feature that is not a circular scan. The deviations affected 
in this case are perpendicular to the workplane. 

Note: For the linear filters, the number of points in the filter set may be less than the number of 
input points. PC-DMIS removes points at both ends for which not enough data (to the left or right) 
is available. To compute a valid output point, see the "Filter Width box". 
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Polar option 
The Polar option in the Construct Filter Feature dialog box (Insert | Feature | Constructed | 
Filter) enables you to apply a filter to data in a circular scan. PC-DMIS assumes that the data is 
periodic (meaning it forms one complete, closed circle). The deviations affected in this case are 
radial deviations. 

Apply Filter Check Box 
The Apply filter check box in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) allows you to construct the feature set independent of whether or not the 
filtering is applied to the data. Using this check box you can choose to remove outliers for 
example, but not filter the data. 

Filter Type list 
 

The Filter Type list allows you to select from the following filter types: 

• GAUSSIAN 
• SPLINE 
• UNIFORM 
• TRIANGLE 
• CYLINDRICAL. 

If you select GAUSSIAN, UNIFORM, or TRIANGLE then the workplane is critical. For these three 
filter types, the following applies: 

If you select the Linear option, the filtering occurs normal (i.e., perpendicular) to the 
workplane. 

If you select Polar option then the filtering occurs in a radial direction within the workplane. 

  
 

Gaussian 

The Gaussian filter option is the most widely used filter option. 

The Gaussian filter option in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) enables you to smooth the data by applying a Linear or Polar Gaussian 
lowpass filter to it according to the ISO 11562 standard. The amount of smoothing is controlled by 
the Cutoff wavelength, Cutoff frequency, or Filter width value. 

For the polar Gaussian filter, the data should be a complete circle scan, with radial deviations. A 
partial circle scan will not work correctly with this filter. The appropriate filter for a partial circle 
scan is the cylindrical filter discussed below. 



Constructing New Features from Existing Features 

136 

For the linear Gaussian filter, the data should nominally lie in a plane with the deviations 
perpendicular to the plane. For this filter, the cutoff wavelength is in units of length. The following 
paragraphs describe how a linear Gauss filter functions: 

• It estimates the point spacing delta as the average distance between the X,Y coordinates 
of the 3D points. These should be evenly spaced and coplanar. It will smooth the Z 
coordinates. 

• If the smoothing parameter is 

m = filter width 
(i.e., the smoothed value is at the center of 2m+1 points used in a weighted average, 
starting at point m), then the cutoff wavelength lambda is computed as: 

lambda = m * delta / const 
(where const is a numerical constant.) 

• If the input parameter is lambda = cutoff wavelength, then the filter width m is 
computed as:  

m = lambda * const / delta (actually, the next higher integer value). 

So, the cutoff wavelength has the same units as the point spacing, but the filter width is a pure 
number. 

 

Spline 

The Spline filter option in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) allows you to smooth the data by fitting a smoothing spline to it. The 
Smoothing Parameter value controls the amount of smoothing. However, if you want to use the 
"optimal" value computed by Generalized Cross-Validation (GCV) technique, you should set this 
value to 0. The Spline filter option is a 3D filtering option. This means deviations in all directions 
perpendicular to the line are affected. 

How It Works: The spline filter fits a spline approximation to the data and resamples it. This way, 
it smoothes the data in all directions, not just radially or perpendicularly to the workplane. The 
fitted spline is a natural smoothing spline. It has a parameter that mediates between interpolating 
the data—trying to pass through every data point, which would retain all of the oscillations—and 
approximating the data with a successively smoother spline, in the sense that the oscillations are 
damped. The two limits of the smoothing parameter yield an interpolator (with all of the original 
oscillations) and a straight line. A zero value for the spline filter results in a spline that 
(asymptotically) minimizes the expected mean square error between it and the underlying, 
unknown, curve. You should usually use the zero value since this removes the noise yet leaves 
the underlying shape reasonably intact. 

Math Information: Since the range of interest for the actual (internal) smoothing parameter 
lambda usually involves small values, the Construct Filter Feature dialog box accepts  

-log10(lambda). 
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So, instead of 1-e-6, you just type 6. You get more smoothing for smaller values of the 
smoothing parameter. For example, a value of 5 for the spline filter would give you more 
smoothing than a value of 6. 

 

Uniform 

The Uniform filter option in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) filters the data by averaging all the points in a moving window. The width of 
the window can be specified by either the Smoothing parameter or the Filter width values. 

If the Filter width value is m, then the window is 2m * delta wide, where delta is the point 
spacing. 

 

Triangle 

The Triangle filter option in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) filters the data by a weighted moving average of all the points in a moving 
window. The weights are determined by a triangle function with the peak in the middle of the 
window. The width of the window can be specified by either the Smoothing parameter or the 
Filter width values. 

If the Filter width is m then the window is 2m·* delta wide, where delta is the point spacing. 

 

Cylindrical 

The Cylindrical filter option in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) filters data in a spiral scan or a circular scan that spans more or less than a 
full circle. The deviations in this case are radial. As PC-DMIS does not consider the data to be 
periodic (meaning it does not form a complete, closed circle), a number of points equal to the filter 
width at the beginning and at the end of the scan will be absent from the filter set. 

 

Filter Width box 
The Filter width value in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) is an optional smoothing parameter for all of the filter types except the 
Spline filter. The value in this box determines the number of data points used for filtering to the 
right and to the left of each smoothed data point. For example, if the Filter Width value is m then 
the window is 2m * delta wide, where delta is the point spacing. The default value for this 
parameter is 3. 

The value you type can be zero or any positive value. 
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• If there's no value at all (or if the value is zero), either the Cutoff frequency or the Cutoff 
wavelength value will be used to set the amount of smoothing. 

• If either the Cutoff frequency or the Cutoff wavelength value is any non-zero, positive 
value, then the filter width corresponding to the cutoff frequency entered is displayed. 

• If Filter width and the Cutoff frequency or Cutoff wavelength don't have values (or are 
zero), PC-DMIS will not filter the data. 

The Filter width value also determines how many points will be absent from the filter set when 
doing linear filtering. PC-DMIS removes those points that don't have enough data to the right or 
left to fill up the data window. 

Note: A lowpass filter, one that filters out high frequency noise but transmits the lower frequency 
form and waviness, works by replacing the value at a data point by a weighted average of the 
values at a sequence of its neighbors. For the Gauss filter, for instance, the Filter width specifies 
how many points to the left and right of a point are included in the weighted average. The weights 
(which are positive and add up to 1) are values of a Gaussian distribution function (also known as 
a Bell Curve). If the Filter width is equal to m, then the smoothed point is at the center of 2m+1 
points used in the weighted average. If the data is periodic, then the points wrap around and 
there are always enough points to the left and right of a point to compute this average. This is the 
case for a Polar filter. But for a Linear filter, the first and last m points do not have enough 
neighbors to compute the full weighted average, so these points are left out of the filtered dataset. 

 

Cutoff Wavelength box 
The Cutoff wavelength value in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) determines the wavelength of the oscillations in the data below which the 
amplitudes of the oscillations will be reduced when applying a linear Gaussian filter. 

 

Cutoff Frequency box 
The Cutoff frequency value in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) determines the number of "undulations per revolution" (or UPR) in the circle 
data above which the amplitudes of the oscillations in the data will be reduced when applying a 
polar Gaussian filter or a cylindrical filter. 

 

Smoothing Parameter box 
The Smoothing parameter value in the Construct Filter Feature dialog box (Insert | Feature | 
Constructed | Filter) determines the degree of smoothing applied to the data for the spline, 
uniform, and triangle filters. 

• For the spline filter, it is best to set this value to 0 to indicate that the value computed via 
GCV should be used. The computed value then replaces the 0 in the edit window. 
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• For uniform and triangle filters, the smoothing parameter represents one half of the width 
of the window used in the (weighted) moving average. 

 

Remove Outliers check box 
If you select the Remove outliers check box in the Construct Filter Feature dialog box (Insert | 
Feature | Constructed | Filter), PC-DMIS attempts to remove all points a given number of 
standard deviations from the substitute feature (usually a circle or a line). You specify the number 
of standard deviations in the Standard deviation multiple box. See the "Standard Deviation 
Multiple box". 

Outlier removal behaves similar to filtering: 

• If you select the Linear option, outlier removal is based on the 3d distance from the point 
in question to the line (best fit line through the data). 

• If you select the Polar option, outlier removal occurs in the radial direction (parallel to the 
workplane). 

 

Standard Deviation Multiple box 
The Standard deviation multiple value in the Construct Filter Feature dialog box (Insert | 
Feature | Constructed | Filter) determines the number of standard deviations from the substitute 
(least squares) feature beyond which points are identified as outliers. The default value is 3. 

Constructing an Adjusted Filter 
The Adjust Filter construction type lets you adjust scan data that was gathered while scanning 
around these standard geometric features: 

• Sphere 
• Cone 
• Cylinder 

Generally, you will perform these scans using an analog probe, such as an SP600. If you imagine 
a scan around the top quarter of a sphere, for example, you would ideally get points that lie within 
a plane that cuts through the sphere, like this: 
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A - Scan Path 

However, in reality, as the probe scans around the sphere it is physically impossible for all the 
points to remain inside the cut plane due to a natural rise and fall floating motion of the CMM. 

The Adjust Filter construction can take the pre-existing scanned points and, using the known 
mathematical properties of the feature, can better compensate the points gathered during the 
measurement process, adjusting them to lie more within the cut plane. You use the Adjust filter 
dialog box to do this. To access this dialog box, select Insert | Feature | Constructed | Adjust 
Filter. 

 
Adjust filter dialog box 

The dialog has these options: 

Feature Type 
This defines the primitive (simple geometric feature) being scanned. You can only select 
Sphere, Cone, or Cylinder. 

Filter Type 
This defines the type of filter to use, either Axial or Radial (applies to Cone and Cylinder 
feature only - see step 4 below). 
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Feature Info 
This lets you define the information about the feature. 

XYZ - The feature's nominal position. 
IJK - The feature's normal vector. 
Radius/Angle - This sets the Radius of the Sphere or Cylinder or the angle of the 
Cone. 

Cut Plane Info 
This area defines the location and vector of the cut plane. 

XYZ - Location of the Cut Plane 
IJK - Vector of the Cut Plane 

To Adjust Scan Data: 
To correctly adjust the data in the scan, you need to give enough information to mathematically 
define the feature. 

1. Select the actual sphere, cone, or cylinder feature from the list of features in the Adjust 
filter dialog box. 

2. Select a pre-existing scan feature from the list. Generally your scanned feature will be a 
pre-existing linear closed scan. The scan must be of a sphere, cone, or cylinder. 

3. Choose the feature type you scanned with the selected scan from the Feature Type list. 
4. From the Filter Type list, choose the correct filter type for a Cone or Cylinder feature. 

The filter indicates how to compensate the data. 
• If you are scanning perpendicular to the axis of the Cylinder or Cone, choose the 

Radial filter. This defines the circle that will be used to adjust the points. 
• If you are scanning parallel to the feature's axis, choose the Axial filter. This 

defines a line that will be used to adjust the points. 
5. Define the feature's nominal XYZ location by typing the values in the XYZ boxes. 
6. Define the feature's normal vector by typing the values in the IJK boxes. 
7. Define the feature's size by typing a value in the Radius or Angle box. 
8. In the Cut Plane Info area, define the scan's cut plane. Once you specify all the nominal 

information for the scanned feature, you can create the construction. 
9. Click Create. All the points are projected into the cut plane along the features theoretical 

definition (taking into account the known geometry) rather than a straight projection along 
the features normal vector. 

Constructing a Width Feature 
You can construct a Width feature from two opposing sides of a notch, tab, or other similar 
surfaces. The Width feature is useful to the GD&T standard which requires the width as a Datum 
in Feature Control Frame dimensions. For more information on Feature Control Frame 
dimensions, see "Using Feature Control Frames". 
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Construct Width dialog box 

Width constructions require two input features, one feature for each opposing side of the notch or 
tab. 

PC-DMIS supports the following two Width constructions: 

• 2D - This is constructed between two opposing lines. 
• 3D - This is constructed between two opposing planes. 

Width is considered an outer (OUT) feature when the planes or lines come from a tab-like 
geometric feature. It is considered an inner (IN) feature when the planes or lines are measured 
from a notch-like geometric feature. 

The vector of the Width feature points from the first selected feature perpendicular to the second 
feature. 

To Construct a Width Feature: 
1. Measure the required two features (two lines or two planes) on the opposing sides of a 

notch, tab, or other two opposing surfaces. These are the two features you will use when 
constructing the width. 

2. Open the Construct Width dialog box in one of these two ways: 
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• Select Insert | Feature | Constructed | Width. 
• From the Construction toolbar, click the Width button. 

3. Select 2D or 3D. 
• If your input features are two lines, select 2D. The feature list only shows lines. 
• If your input features are two planes, select 3D. The feature list only shows 

planes. 
4. From the feature list, select the two input features for the construction. 
5. Select In or Out: 

• If the Width feature contains material between the two opposing sides, like a tab, 
it's an outer feature. Select Out.  

• If the Width feature does not contain material between the two opposing sides, 
like a notch, it's an inner feature. Select In.  

6. From the fitting list, select the type of fitting algorithm to use: Best Fit or Best Fit 
Recomp. 

7. From the math algorithm list, select the Best Fit math algorithm to use. The available 
options are:  

• Maximum Inscribed (MAX_INSC) 
• Minimum Inscribed (MIN_INSC) 
• Least Square (LEAST_SQR) 

For more information, see "Best Fit Type" under "Constructing a Best Fit or Best Fit 
Recompensate Circle". 

8. If you want to define the theoretical Width information, mark Specify theos and then type 
the theoretical centroid in X,Y, and Z boxes; type the theoretical vector in the I, J, and K 
boxes; and then type the width between the two sides in the Width box. 

9. Click Create to insert the Width feature into the measurement routine. 

The Edit window command line for the width construction shows: 

feature_name=FEAT/WIDTH,TOG1,TOG2,TOG3,TOG4 
THEO/<x_cord,y_cord,z_cord,i_vec,j_vec,k_vec>,length 
ACTL/<x_cord,y_cord,z_cord,i_vec,j_vec,k_vec>,length 
CONSTR/TOG5,TOG6,feat1,feat2 

TOG1= CARTESIAN or POLAR. 

TOG2= IN or OUT. This is for display only, you cannot edit this using the Edit window. 

TOG3 = MAX_INSC / LEAST_SQR / MIN_CIRCSC 

TOG4 = YES or NO. These are user-defined theoretical values. 

TOG5 = The constructed feature type. 

TOG6 = BEST FIT / BEST FIT RECOMP 

Notes: 
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You can use a 2D Width feature as secondary and tertiary datums in alignments, but a 3D Width 
you can use as primary, secondary, and tertiary datums. 

If you create a Location dimension of the constructed Width feature, the X, Y and Z axes 
represent the midpoint of the Width feature, and the L axis represents the length of the Width 
feature. 

To calculate a Minimum Circumscribed or Maximum Inscribed Width feature, the hit locations on 
the two opposing features must have a sufficient amount of overlap. 

If d is the overlap distance and w is the width distance (as shown in the figure below), the 
recommended ratio should be: 

d/w = 1 or more 

If an overlap is not feasible due to the physical structure of the part, you must use the Least 
Square method for the Width calculation instead. 

For example, in this top-down view of a part, d represents the amount of distance between the 
two sets of hits where overlap occurs on the two sides, and w represents the Width feature's 
distance between the two sides. Suppose d = 1.5 and w = 3. The ratio of d/w is .5. The 
recommended ratio is 1. So there may not be enough overlap for the Minimum Circumscribed or 
Maximum Inscribed fitting algorithms. In such a case, use the Least Squares algorithm instead: 
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