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1. Introduction to Axyz CDM - the Core Data Module

1.1 About this manual

Thisisthe Software Reference Manual for the Axyz CDM - Core Data
Module. It explainsin detail how to operate the software interface to the
Core DataModule of Axyz. All functions are explained but if a user
access profile has been defined by the system administrator or Supervisor,
some of these functions may not be accessible in the program.

It assumes the reader has an understanding of the measurement task and
basic system concepts.

The following documents provide background information:

» Axyz “System Concepts. Software Reference Manual” explains the
general purpose and structure of the software.

* Axyz “Mathematicsfor Users’ provides details of all relevant
mathematical techniques.

* MS Visual Basic documentation explains the use of this programming
language, except for functions and options specially created for Axyz.

» Crystal Report documentation explains how to create report templates
using thistool.

Depending on the data acquisition hardware in use (theodolites, total
stations or laser trackers) the user will also need the relevant software
manual.

* Axyz STM/MTM - Single/Multiple Theodolite Modules: Software
Reference Manual

* Axyz LTM - Laser Tracker Module: Software Reference Manual

The operation of the Data Manager is fully described in:
* Axyz DM - Data Manager: Software Reference Manual

Users of the graphics modules Axyz View and Axyz CAD will find full
descriptionsin:
* Axyz View/CAD - Graphics Modules Software Reference Manual

The Axyz system is automatically installed from the Axyz CD-ROM when

the CD isinserted in the CD drive. Read the Axyz ReadMefilesfor
related installation information.

Cdm.doc 31/1/00 1
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1.1.1 Document conventions
The following text formatting conventions are in use:

This Represents

italic Italic type is used to indicate new or specialist names
and terms. Look for a glossary definition or special
section for more detalils.

ALL CAPITALS The names of computers, folder names, filenames and
acronyms.

1.1.2 Keyboard and menu conventions
Key combinations and key sequences have the following meanings:

Format M eaning

KEY1+KEY2 A plussign (+) between key names meansto press and
hold down the first key while the second key is pressed.

KEY1, KEY2 A comma (,) between key names means to press and
rel ease the keys one after the other.

ENTER or The key equivalent to "carriage return” on atypewriter
RETURN and which causes a new line when typing text. It may be
labelled with a bent arrow.

SHIFT, Shift The key that produces capital letters. It may be labelled
with an upward pointing arrow.

CTRL, Citrl, The"control" and "alternate” keys, generally labelled as
ALT, Alt "CTRL" and "ALT" on the keyboard.

2 Cdm.doc 31/1/00
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1.1.3 Windows conventions

It is assumed that the user is familiar with the Microsoft WINDOWS™
environment. See M'S Windows documentation for use of a mouse,
windows features and shortcut keys.

In particular, the following standard buttons enable the user to respond to
requested inputs.

Proceed with actions defined by the settings in the current dial ogue box

Canicel

Ignore any changes made in the current dialogue box. Return to the
situation that existed before the current box was accessed.

Browze. .

Search folders on disk for the requested information.

Provide context-sensitive HELP.

The use of these buttons will in most cases not be further described.

1.1.4 On-line HELP

The on-line HELP is derived from this Software Reference Manual using
Doc-To-Help ™. HEL P and the manual each contain essentially the same
information with the exception of menu screens. All menu screens are
displayed in the manual. Most menu screens are not displayed in HELP
because the screen can be viewed in the actual program when using HELP.
However HEL P does contain some exampl e screens to properly explain the
operation of particular features.

This“Axyz DM - Data Manager: Software Reference Manual” isalso

available as a PDF document on the Axyz Industrial M easuring Software
CD-ROM.

Cdm.doc 31/1/00 3
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1.2 Axyz CDM principal features

The Axyz CDM main menu integrates routines and functions that are
common to all Leicasindustrial measurement systems.

General operational features

» Onlinelogging of actionsto file or printer

» Programmable operation using Visual Basic scripts

» A user access profile, customised by the Supervisor, which determines
which functions are accessible and which data can be modified.

Data handling

» Select, display and edit internal job data
* Import/export data in diverse formats

* Report generation

The Data Manager module displays job datain a numerical, spreadsheets

format and, in particular, provides access to the following:

» The Export function outputs internal data to an external text file

» The Import function reads data into the database from an external text
file

» The Report Generator enables selected datato be presented in ahigh
quality format, suitable for inclusion in professional reports.

For full details of the Data Manager, see "Axyz DM - Data Manager:
Software Reference Manual".

Data analysis
» Create shapes such as:
Line
Plane
etc.
» Calculate geometric parameters and dimensions such as:
Distance between points
Offsets of points from planes
etc.
» Create new coordinate systems by:
Trandlation
Rotation
Alignment of axes
Best-fit 3D transformation
etc.

4 Cdm.doc 31/1/00
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Orientation

Using optical instrumentation, Axyz creates 3D data by polar location and
triangulation. To create the measurement network from the basic
measurements supplied by the instruments, an Orientation Moduleis
required.

The Orientation Module is supplied as part of the CDM. This enables users
to complete their work off line. When coupled with the post analysis
functions for locating single pointsin 3D space and calculating hidden
points, users have a complete solution for converting basic optical
measurements into 3D point and shape information.

Note

Data acquisition is done by the module corresponding to the instruments
in use and has its own software manual. These instrument modules also
provide access to the Orientation Module.

Graphical display
An optional graphics moduleis availablein two versions, Axyz View and
Axyz CAD.

In contrast to the Data Manager, which offers a numerical view of the job
data, these modules offer a pictorial representation via a graphics window.
This provides 2D and 3D orthographic views, with options to rotate,
tranglate and zoom into the graphics. Additional functions are also
available. See"Axyz View/CAD - Graphics Modules Software Reference
Manual ".

1.3 Starting up

05 e To start Axyz double click the Axyz icon in the program group or on the
: desktop and the Axyz window appears. A summary of the menu itemsis
given in the next section and full details of all optionsin the following
sections. Depending on the system settings Axyz opens with the most
recently used job or a new untitled job.
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2. CDM graphical interface

2.1 Main display screen

Title Menu bar Main toolbar Graphics toolbar Display area

’f‘ Axyz CDM - colanil _Axpz

File Edit “iew Graphic Setting: ' Toolz Coordsvz | Analvze  Scopt wWindow  Help

Ol2S|E| B £4] 2|8l#] 2
+[5 ala@E = o= 7 =lalzf~ G

Point 1D X

< || || oo |\ S| = | F| M|

Fpr Help. press F1 {Imp-Exp |DEFALILT fcolani2 I [RHR  |[mm] [deq] [z
Analysiz  Data Manager Graphics Status bar
toolbar window window

The above screen may look slightly different. For example, the toolbars
may be positioned el sewhere, depending on how the display has been
modified for personal tastes.

A Data Manager (DM) window only appearsif an existing job is started
and it may fill the whole of the display area.

The graphics window is only available to users of Axyz View/CAD.
The sample screen shows the Graphics toolbar because the graphics

window is active. If the DM window is active the DM toolbar is shown
instead.
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2.1.1 Title bar
The title bar indicates the name of the Axyz module and current job name.

If a Data Manager window is active and maximised, the job name will
have the appended text "[Data Manager]".

If the graphics window is active and maximised, the job name will have the
appended text "[CAD]".

2.1.2 The Data Manager window

The Data Manager (DM) provides a structured overview of all data stored
within the job file and combines this with detailed editing and selection
options.

In contrast to the Graphics Modules (Axyz View and Axyz CAD), the
Data Manager provides a numerical display of datain separate tables or
tabs.

The structured overview is similar to the expandable outline provided by
the Windows "Explorer" and the detailed view is similar to a spreadsheet.

The Data Manager isfully described in "Axyz DM - Data Manager
Software Reference Manual".

2.1.3 The Data Manager toolbar

The Data Manager toolbar buttons provide access to functions for data
editing, displaying, import/export and generating reports. They are only
available when the DM is active and data has been selected in the DM
window.

See also "Dpta Manager toolbar” bn page 11]

2.1.4 The graphics window

The graphics window is provided by the Axyz View and Axyz CAD
modules and provides a pictorial view of the datain the job file.

In the graphics window items can be selected for detailed viewing and
analysis although data must be edited with the Data Manager.
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The graphical display of data can aso present an immediate visual
feedback of the results of on-line measurements. Although measured data
Isimmediately entered into the database, the Data Manager cannot provide
such an immediate and intuitive feedback.

Users of Axyz CAD can also import and display CAD modelsin the
graphics window.

2.1.5 The graphics toolbar

The graphics toolbar provides direct access to specific graphics features
such as zoom into an object or rotate an object. It is only available when
the graphics window is active.

2.1.6 The display area

The display areais used to display Data Manager windows and a graphics
window (for users of Axyz View/CAD only).
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2.2 CDM main toolbar

EEFEEEE EEED

Create a new johb
Open an existing job

save current job (Ag) .. [defined name]

View Logfile
atart Diata Manager in a new window
Create the Graphics window

atatt the Theaodolite hManaser

atatt the Tracker Manager

atatt the Process Automation maodule

atatt the user's application (1)

Context-sensitive screen help

2.2.1 The CDM toolbar in brief

The toolbar buttons provide direct access to diverse Axyz modules such as
the Theodolite Manager and the Data Manager, as well as the selection and
creation of jobs. As an aternative, equivalent menu choices are available.

By default the toolbar is located at the top of the screen. However by
clicking and dragging its background with the mouse pointer it can also
float or be re-positioned on the left or right hand side of the screen.
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2.3 Analysis toolbar

Palette Mumber 1

" Label for palette 1 and switch
10 palette 2

New O3 by translation
Wew C3 by scaling

Hew CF by rotation

Mew O3 by axis alignment
Hew CF by 3D transformation
Litie by hest fit

Platie by hest fit

Circle by best fit

Cylitndet by best fit
aphere by best fit

Cone by best fit
Paraboloid by best fit

Paletie Mumber 2

> Lahel for palette 2 and switch
to palette 1

&l I Intersect two elements
J:"I Create perpendicular element

e Create parallel element

e Create bisecting element

g_ Project point onto shape

E Calculate lidden point
3 Divide line into sections
E aingle point solution

E Compate two sets of points
.'—.I Two point analysis

.{I Angle between elements

._.I Distatice hetween elements

Arc distanice hetwreen points
o P

2.3.1 The Analysis Toolbar in brief

10

The Analysis Toolbar provides direct access, via two palettes, to the
functions for analysis and coordinate transformation. As an aternative,
equivalent menu choices are available.

By default the toolbar is located on the left-hand side. However by clicking

and dragging the background with the mouse pointer it can also float or be
repositioned across the top of the screen or on the other side.
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2.4 Data Manager toolbar

N

E

5 [ & &

-+
-0

ES

I\H‘!\.'\"'\.\_
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Copy

Edit

Calls up the edit form which corresp onds to the type of
ttetms) selected.

Also accessed wia "Edit" option in the "Data" menu.
Insett new

2dd a new item to the cutrent table.

Also accessed wia "New" option in the "Data" menn.
Delete

Dielete the selected ttems) (rows) from the current tahle.
Also accessed wia "Delete" option i the "Data" menu.

Import data from external file
Also accessed via "Import" option in the "Data" menn.

Export selected data to external file

Also accessed via "Export" option i the "Data" menu.
Eeport

Frovides a formatted prntout of the selected ttems.

Also accessed wia "Report" option i the "Data" menu.

Sott ascending

Aotts the entire table such that the items 10 a selected column
have the lowest alpha-mameric values at the top.

Display 15 automatically refreshed for new data items.

Also accessed wia "Bort Ascending" option in "View" menn.
Sott descending

Aotts the entire table such that the items 10 a selected column
have the lughest alpha-mumeric values at the top.

Display 15 automatically refreshed for new data items.

Also accessed wia "Bort: Descending" option i "View"
Fezet zort

Caticels current sort order and reverts to a default sort order,
Display NOT automatically refreshed for new data items
which ate manually entered.

Also accessed wia "Bort: Reset" option in "View" menn.
Reftesh

Updates the display to reflect the latest situation.

Also accessed wia "Refresh" option i "View" menn.
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2.5 Status bar

The left area of the status bar provides brief HELP text for
buttonz and menu items. Place the cursor over a button or
highlight a menu item, in order to see the aszsociated text.

For Help, press F1 |FRONT |DEFAULTACIRCLET [RHR | [mm] [deg] |RUN |sample.exe ,;,;|

Far Help, press F1 |FF|EINT |DEF.-'1‘-.L|LT.-"EIH|:LE'I |HHH |[mm] [deq] | |gerr_l,l|:|3.||:|g ,f/jl

Current workpiece Log file or name
of running scnpt

Current [default] coordinate system

Coordinate system type Script running

Linear and angular units

Note.

The active coordinate system shows the full identifier (workpiece/system
name) only when the workpiece is different from the currently active
workpiece. In the example, the coordinate system CIRCLEL islocated in
the default workpiece, DEFAULT, which is not the same as the active
workpiece that is named FRONT.

2.5.1 The status bar in brief

The status bar indicates:

The active workpiece name

The name of the active coordinate system

The type of coordinatesin use

The linear and angular unitsin use

The name of a script which is currently running or the log file name
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3. CDM menu summary

3.1 Access restrictions

The following sections briefly summarise all the menu options available. If
the Supervisor has defined a user access profile then not all functions may
be available.

See "Alccess rights’] on page 54.

3.2 File summary

3.3 Edit summary

DI Mew ... Ctrl+M

Ei,’“l Cpen ... Ctrl+0
Cloze Job

|HI oave As.
Delete...
Frint Setup...
Last opened file list
Exit
Cut Ctrl+%
Copy Ctrl+C
Faste Cirl+

Cdm.doc 31/1/00

Create a new job.
Cpen an existing job.
Close an opened job.

save an opened job to a
specified file name.

Delete a file, e.q. a job file.

Change the printer and
printing options.

List of most recently used
files.

Close the program.
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3.4 View summary

flain toolbar showhide the main toalbar
Analysis toolbar Showr'hide the analysis
toalbar
Status bar =howr'hide the status bar
Lag file Ctrl+a | Display the current log file

3.5 Settings summary

Active Warkpiece. . Define or select the current
workplece

Units... =elect units of length, angle,
temperature, pressure

Analysis WWarnings. .. et warning thresholds for
geometric analysis functions

On-line Cutput. . Define options for logging to
file and printer

Confirmatians. .. Fequest warnings to confirm
deletion and overwriting

Axis Labels. Define labels for differant
coordinate types and
systems

(General... 17 Qptions for operation of

geometric analysis and
display of results
21 Startup aptions

Access Rights. . specify which menuy
comimands are accessible
and how data can be altered
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3.6 Tools summary

Orient Metwirls. ..

ngl Tracker Manager

2| I Theadalite Manager

Ctrl+T

Ctrl+=

Inclination Sensor

Fefractometer

Environmental Monitor

.e

Frocess Autormation

swap Points. .

Cptions. ..

|1| Wiordpad

Cdm.doc 31/1/00

Create ar update an ariented
measurement network

otart a Theodolite Module
(TR, MTM, SThMTRA)

otart a Laser Tracker Module
(LTh)

=tarts module controlling
temperature and pressure
Sensar

tarts module controlling tilt
Sensor

starts module controlling
refractometer

otart the Process Automation
Fodule (FAM) to program
automatic measurerments.

Moves points between
measured and reference
areas of database

ASsign your own programs to
this menu

Custam menu with example
assignment: Wardpad
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3.7 Coordsys summary

Active Coordsys. .. Ctrl+l | Specify the currently active
coordinate system

Coord Type... Ctrl+Y | Choose the type of
coordinates for display

Scale. Define a new coordinate
system by scale change.

Rotation. .. Define a new coordinate
system by rotation angle.

Translation. .. Define a new coardinate
system by translation {origin
shift)

Axis Alignment. .. Define a new coordinate

system by aligning axes

Transformation. .. Define a new coordinate
systemn by shift, rotation,
scale change

EE 0 E
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3.8 Analyse summary

Cdm.doc 31/1/00

@I Compare Points... Ctrl+M
: I Twen paint... Ctrl+C
{I Angle. .. Chrl+A,
._.I Distance. .. Ctrl+F
PI Arc Distance. .. el ke
f-*l Line. .. Ctrl+1

ﬂl FPlane... Ctrl+2
{:}I Circle. . Ctrl+3
Ejl Cylinder... Ctrl+d
@I sphere. .. Ctrl+5
é]l Cone. .. Ctrl+a
UI Farabolaoid. .. Ctrl+f
E Intersect. . Ctrl+H

J:"I Ferpendicular. .. Ctrl+L
2 Parallal... Ctrl+R
e Bisect... Ctrl+B
3 Frojection... Ctrl -+
EI Hidden Paoint. .. itrl+H
_/I Divide Line. .. Ctrl+L
%I =ingle Paint. .. Ctrl+3

Compare 30 points by subtraction of
coordinates

“ector data between 2 paints (length,
projections, etc.)

Calculate angles between elements
Distance bhetween 2 points.

Distance along an arc joining 2 paints
Create 30 line (2+ paints)

Create 30 plane (3+ paints)

Create 30 circle (3+ paints)

Create cylinder (5+ points)

Create sphere (44 points)

Create cone (b+ points)

Create parabaloid (B+ points)

Intersect standard shapes to create
new standard shapes.

Create lines perpendicular to other
lines and surfaces.

Create lines and planes parallel to
other lines and planes.

Find paints, lines or planes hisecting
pairs of points, lines and planes.

Find projection of point onto standard
shape.

Compute hidden point by "mapping”
paints onto hidden point devices

Divide 30 line into equal sections

Locate 3D point using instrument
measurements
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3.9 Script summary

Fun... Ctrl+9 | "Executefabort a script”

Edit... Edit a scnpt in %isual Basic

Delete. .. Delete a script

Assign to Menu. Asszign script to menu or
toalbar button

Assign to Key. .. Assign script to keyboard
key or key cambination

Custom Menu List of scripts assigned to
this menu

3.10 Window summary

& Diata Manager Ctr+D | Opens a Data Manager
window
i Graphics Ctrl+E | Opens the graphics window
Cascade "Arrange windows so they
overlap”
Tile "Arrange windows as non-
overlapping tiles”
Arrange lcons Arrange minimized windows
In a row
Cpen window list ohows a list of currently open

windowes within the main
windowe. The active window
has a check mark.
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3.11 Help summary

Cdm.doc 31/1/00

Help Tapics

LIsing Help

Help Mode

Shift+F1

About Axyz CDOM

Lists the help topics

Instructions an how to use
help

On-screen, context sensitive
help

"Display program information,
wersion number and
capyright”
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4. File menu

4.1 New

New command (File menu) Alt,F,N
"Create a new job document”

Use this command to create anew job in Axyz. Thenew jobinitialy isa

copy of the mastecrﬁgﬁe. To specify the master database, seefile
locations under " on page

The new job must be named beforeit is created.

Shortcuts
Toolbar icon: D
Keys: CTRL+N

4.1.1 Dialogue box: Name new job

Nome emdob o GE]
Save jm: IEJE":'S j ﬁl

@ Sample_LTH modified Az
9 Sample_MTM modified Az
& Sample_MTM. Axyz

37 test-20-7-99. bz

W test-4-11 -99 Awyz

9 test-9-9-99. Anyz

File name: Save I
Save as type: IJD|:| Files [*.Axpz) j Cancel |

Before it is created, the new job must be named. The default name
"Untitled" is offered and may then be altered as required.

ons are the same as for the Save As option. See "Save As dialogue |
on page 28]
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4.2 Open

Open command (File menu) Alt,F,O
"Open an existing job document”

This dialogue box will terminate the current job (if any) and open an
existing job. Use Browse to search for an existing job or enter path and
name for an existing one.

Shortcuts
Toolbar icon: =
Keys: CTRL+O
4.2.1 Open dialogue box
Lookie [ Jets = & o =
did
o] 1023002 e sz
Flepame | | Open |
Filles: ol Bopec |J-:I:| Files [" ) ﬂ Carcel |
File Name

Type the name of the job to be opened. If no extensionisgiven, .AXyzis
assumed. Otherwise select the job by clicking in the display.

Open the job with the Open button or <ENTER>, or (double) click on the
job file name.

Files of Type

Select which existing files to display by type:

Job files (*.Axyz) Listsall jobs that were saved in files with the
extension *.Axyz. Thisisthe standard extension for
an Axyz job, unless ajob has been saved with

another extension. An Axyz job conformsto the
database format defined by MS ACCESS.

All files (*.¥) Listsall filesin the current directory. Note that only
filesin Axyz database format can be read in.
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Look in
Select the drive and folder that contains the job to be opened.

Open button

When the Open button is clicked the current job (if any) isterminated and
the new job started.

If the current job isanew job and untitled, i.e. has the provisional name
“UNTITLED?”, then there is the option to keep the file and its data by
naming it. If this option is chosen, Axyz displays the Save As dialogue
box to let the job be named, otherwise the job and any datain it are

discarded. See “Sgve As’ Jon page 2B. |

Windows HELP

Standard Windows help is available in a"popup” box by clicking on the
question mark button E and then clicking on part of the box for which
help is required.

4.3 Close

Close command (File menu) Alt,F,C
"Close the active job document™

Use this command to close the current job and any active sub modules.

Thejob fileis adatabase and is continuously updated as modifications are
made. If the current job has been named its data is therefore automatically

up to date.

Shortcuts
Toolbar icon: none
Keys. none

4.3.1 Other open modules

If other modules are open, e.g. aMultiple -Theodolite Module (MTM),
then this warning message appears:

22 Cdm.doc 31/1/00



Axyz Ver. 1.4 CDM SOFTWARE REFERENCE

Axyz |

& Thiz command will cloze the job and all submaodules |
Cancel |

Select OK to close the job and active modules.
Select CANCEL to take no action.

4.4 Save As

Save As command (File menu) Alt,F.A
"Save the active job document with a new name"

Use this command to:
» save and give aname to an untitled new job
 savethe current named job under adifferent name

Shortcuts
Toolbar icon: =
Keys: none

4.4.1 Save As dialogue box

Save As H
Save jn: I {3 Jobs j gl - EE
101
1023c02 new. dxyz
File: name: iSO BSYS ample. mdb) Save I
Save az lype: IJDb Files [*.48p2) j Cancel |

File Name

Type anew name for the job or select an existing name by clicking in the
display. A file name can contain up to 256 characters including the
“extension”. (See WINDOWS 95+ file naming convention.)
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Note

If an existing nameis chosen (including the file's current name if
appropriate) the system will automatically overwrite the existing data
with the current data unless the user has requested a confirmation before
overwriting. See “ Confirmations’| on page 44]

Save as Type

Jobs are aways stored in the format of an Axyz database. Itis
recommended to select the standard type extension "Axyz" but the user
can ignore this.

Job files (*.Axyz)  Thisoption showsalist of existing job names that
only have this extension. If thisoption is selected and
a name typed without any extension, “Axyz” will be
added automatically as an extension to the name.

All files (*.*) This option shows alist of all current file names.

Save in
Select the drive and folder in which to store the job.

Windows HELP

Standard Windows help is available in a"popup” box by clicking on the
question mark button E and then clicking on part of the box for which
help is required.

4.5 Delete

24

Delete command (File menu) Alt,F,.D

"Deletesjob or other files"
This command is used to delete Axyz job files, log files and scripts, as
well as data and other files.

Shortcuts
Toolbar icon: none
Keys: none
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4.5.1 Delete dialogue box

Delte _________ HEH
Lok, jr: IaJDbS =] gl sut [EE
1 0id
102302 new. Bz
File name: I Delete I
Files of lwpe: IJu:-I:u [* dumyz] j Cancel |

File Name
Type afile name or select an existing file by clicking in the display.

Files of Type
Display files of the following types:

Job (*.Axyz) Axyz jobfiles

Log (*.log) Axyz logfiles

Script (*.exe, AXyz scripts

*.vbp)

ASCII (*.txt) Plain text files

ManCAT (*.dat) ManCAT output files

ECDS (*.dat) ECDS output files

All files (*.*) All filesin the current folder.
Look in

Select the drive and directory in which to display files required for
deletion.

Delete button
Press this button to delete the selected file. A warning isissued as follows:
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Axyz |

@ Are you sure you want ta delete the zelected file ar directon?

Cancel |

A file cannot be deleted if it isin use. For example, the currently active job
cannot be deleted. In this case awarning is given as follows:

Axyz |

& Failed to delete file ar directary |

File in uze or directom naot empty ?

Windows HELP

Standard Windows help is available in a"popup” box by clicking on the
question mark button and then clicking on part of the box for which
help isrequired.

4.6 Print Setup

Print Setup command (File menu) Alt,F,l
"Change the printer and printing options’

This command is used to select a printer and a printer connection. Thisis
done using the standard "Print Setup" dialogue box used by WINDOWS™,
The options will therefore depend on the printers the user has installed.

Shortcuts
Toolbar icon: none
Keys: none
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4.6.1 Print Setup dialogue box
PintSetwp —— [@H|

— Printer
M arne: HP Desk.) et SO0C Prinker Propertiez |
Statuz: Default printer; Ready
Type: HF Desklet GO0C Printer
Where:  LPT1:
Comment:
— Paper Orientatian
Size: I.-i‘-.4 j % Portrait
Source; IIn Tray j " Landscape
] I Cancel
Printer
Name

Select one of the currently installed printers shown in the drop-down box.
Printers can be installed using the option for " Settings/Printers’ on the
Windows " Start" button.

Information on the selected printer is then displayed:

Status operational state
Type make of printer
Where connection port or network location

Comment  any additional information

Paper
Size
Select the size of paper that the document is to be printed on.

Source
Some printers offer multiple trays for different paper sources. Specify the
tray here.

Orientation
Choose Portrait or Landscape.
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Properties button

Displays a dialogue box where additional choices can be made about
printing, specific to the type of selected printer (no further details here).

4.7 Last opened files

1, 2, 3, 4 command (File menu) Alt,F,1.4
"Open this document”

Use the numbers and filenames listed at the bottom of the File menu to
open one of the last (4) documents most recently accessed.

4.8 Exit

Exit command (File menu) Alt,F.X
"Quits the application; prompts to save documents’

This command is used to end the AXxyz session.

Shortcuts
Mouse: Click the application's "Close" button.
Toolbar icon: none
Keys: ALT+F4

If the current job is anew job and untitled, i.e. has the provisional name
“UNTITLED?”, then there is the option to keep the file and its data by
naming it. If thisoption is chosen, Axyz displays the Save As dialogue
box to let the job be named, otherwise the job and any datain it are

discarded. See “Sqve As’ Jon page 2B. |
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5. Edit menu

5.1 Introduction

The options in this menu change if either the Data Manager or Graphics
Moduleis active. Only options applying to the CDM are explained here.

For DM and graphics options, see the relevant manual or HELP file:
"Axyz DM - Data Manager: Software Reference Manual".
"Axyz View/CAD - Graphics Modules: Software Reference Manual"

The"cut", "copy" and "paste" functions are effective in single input fields
where the user can manually input or edit information, for examplein
specifying the name of aworkpiece. In thisregard, they also apply to
single DM cells.

The copy function can also be used to copy arange of cells from the DM
into a spreadsheet program suchasMS EXCEL ™,

Some dialogue boxes, when active, do not allow access to other dialogue
boxes and menu choices. However the shortcut keys for "cut”, "copy" and
"paste” are still operational in this case.

5.2 Cut

Cut command (Edit menu) AltE,T
"Cut the selection and put it on the clipboard"”

All or part of thedatain asingleinput field or DM cell is highlight and the
"cut" selection made. The datain the field or cell is then deleted and placed
on the clipboard for subsequent pasting, if required.

If one or more cells are selected in the DM these are copied to the
clipboard and can subsequently be pasted into a spreadsheet.

Notes

Inthe DM, asingle cell cannot be left empty. If no new information is
typed in, the old information will be restored to the field. In this case the
cut function is effectively a copy function.

In other single input fields a blank input may be acceptable and replaced
with a default value.
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Shortcuts
DM toolbar : i
Keys: CTRL+X
5.3 Copy
Copy command (Edit menu) Alt,E,C

"Copy the selection and put it on the clipboard”

All or part of thedatain asingleinput field or DM cell is and the "copy"
selection made. The datain the field or cell isthen copied and placed on
the clipboard for subsequent pasting, if required.

If one or more cellsis selected in the DM these are copied to the clipboard
and can subsequently be pasted into a spreadsheet.

Shortcuts
DM toolbar :
Keys. CTRL+C
5.4 Paste
Paste command (Edit menu) Alt,E,P

"Insert clipboard contents’

If al or part of the contentsin asingle input field or DM cell have been
copied to the clipboard, this function will insert the copied datainto the
currently selected field. The pasted data will either replace the highlighted
part of the selected field or be inserted at the cursor position, depending on
the situation.

Note
Thereisno facility to paste a copied range of cells back into the DM.

Shortcuts
DM toolbar : =
Keys: CTRL+V
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6. View menu

6.1 Introduction

The options in this menu change if either the Data Manager or Graphics
Moduleis active. Only options applying to the CDM are explained here.

For DM and graphics options, see the relevant manual or HELP file:
"Axyz DM - Data Manager: Software Reference Manual".
"Axyz View/CAD - Graphics Modules: Software Reference Manual"

6.2 Main toolbar

Main toolbar command (View menu) Alt,V.M
"Show or hide the Main Toolbar"

Use this command to display or hide the main CDM toolbar. The toolbar is
typically displayed horizontally across the main screen and includes
buttons for some of the most common commands in Axyz, such asFile
Open. A check mark indicates when the toolbar is displayed.

6.3 Analysis toolbar

Analysistoolbar command (View menu) Alt,V,A
"Show or hide the Analysis Toolbar"

Use this command to display and hide the Analysis Toolbar. The Analysis
Toolbar has two palettes and typically sits on the left-hand side of the
screen. It provides quick access to commonly used analysis functions. A
check mark indicates when the Status Bar is displayed.

6.4 Status Bar

Status Bar command (View menu) Alt,V,S
"Show or hide the status bar"

Use this command to display and hide the Status Bar. The Status Bar is
displayed at the bottom of the Axyz main screen and describes the action
to be executed by the selected menu item or depressed toolbar button, as
well as certain status information.

A check mark indicates when the Status Bar is displayed.
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6.5 Log file

L og file command (View menu) Alt,V,L
"Call viewer for current log file"

Thelog fileisaplain text (ASCII) file that can record actions and results
during a measurement session. It is typically named with the extension
"log". The information placed in this file depends on settings made in the
"Settings' menu. See "Oh;Li.ne_QuI.pulﬂon page

Information can currently be logged about the analysis functions for
o Shapefits
» Single point solution

By default the file is viewed using "Notepad"”, a simple word processor
provided as part of the Windows 95+ operating system.

Shortcuts
Toolbar icon:
Keys: CTRL+8

6.5.1 Log file: sample output
The following section of output shows the results of a simple linefit.

Shape analysis

Workpiece : REAR Coordinate system : DEFAULT /REARFLANE
3hape ID : N/A4 Coordinate type : RHE
Type : LINE

Coordinates X o= 572,937 EM3x = 0. 000
¥ o= -1865.657 EMSy = -0, 000
Z = -1157.109 EM3z = -0, oo
Rotations Fot X = 270° 0' 23"
Rot ¥ = (I
Rot £ = @0° 5' o7
3lope angle = NSk
Fadius = NSk
Total RMA = 0.0o0a
Shape results
WpId Point ID dewi dew¥ devz Total
RELR Pz 0. 000 0. 000 0.000 o.000
RELR P3 0. 000 -0, 000 -0, 000 o.ooo
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7. Settings menu

7.1 Active Workpiece

Active Wor kpiece command (Settings menu) Alt,SK
" Set the active workpiece"

The user can subdivide ajob into a number of workpieces. This command
enables switching to an existing workpiece or definition of (and switching
to) anew one.

It is also possible to define a new workpiece using the Data Manager.

Notes

When aworkpieceis active, it is not necessary to enter its name when
selecting IDs.

The user does not need to define any workpieces. A job isautomatically
provided with a default workpiece called “default”.

Shortcuts
Toolbar icon: none
Keys. none

7.1.1 Active Workpiece dialogue box

Active Workpiece |

Wiorkpiece:
Cancel |
DEFALILT -

DEFALLT
LEFT-SIDE Help

To choose an existing workpiece select its name from the drop-down list or
type it directly into the input box.
The example shows 3 workpieces from which to choose.

To define a new workpiece, type the new name into the input box. If the
name does not exist, the user must confirm that it isto be added to the
database. When added, this becomes the active workpiece.
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7.2 Units
Units command (Settings menu) Alt,S,U

"Set units for distance, angle, temperature and pressure”

The units dialogue box allows the operator to change the types of units
(length, angle, temperature) which are currently active and the number of
decimal places which are used to display values.

It is possible to define the users units using the Data Manager.

Note

Datais always stored in the database in units of meters, radians and
degrees Celsius. The chosen settings only convert data for display

pUrposes.

Shortcuts
Toolbar icon: none
Keys. none

7.2.1 Units dialogue box

Units

Digitz:  Sembol: 0

Lengttc  [ERE—] [+ =
=

Angle: I deq mm.ss j |4

[in]

Cancel

gl

[drz]

=il Help
Temperature; Icelsius j |1 ﬁ [C]
Pressure: Iian =] I2 = [inHa]
Length

Select units and decimal places from the options in the pull-down menus.

Pre-defined units are:

Unit Symbol
feet [f1]

inch [in]
metre [m]
micron [um]
millimetre [mm]
yard [yd]
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Angle

Select units and decimal places from the optionsin the pull-down menus.
Pre-defined units are:

Unit Symbol

degree [deg] (decimal degrees)
deg.mm.ss [dms] (sexagesimal degrees)
gon [gon]

radian [rad]

Note

When presented purely for purposes of display, sexagesimal degrees are
displayed in the traditional format for degrees minutes seconds, e.g.

129° 36' 42"
When the user is permitted to edit the display, the format commonly used
by pocket calculators is employed, e.g.

129.3642

Temperature
Select units and decimal places from the options in the pull-down menus.

Unit Symbol
Celsius [C]
Fahrenheit [F]
Pressure

Select units and decimal places from the options in the pull-down menus.

Unit Symbol

inHg [inH(] (inches of Mercury)
mbar [mbar] (millibars)

mmHg [mMmHg]  (millimetres of Mercury)
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7.3 Analysis Warnings

Analysis War nings command (Settings menu) Alt,SW
" Set tolerances for analysis functions®

Warning values are used to provide avisual warning to the operator that
the following conditions have exceeded a set level:

» Deviation from parallelism (line/line, plane/plane, line/plane)

* Intersection offset between lines

» Coordinate difference values

» Temperature change

Note

If theodolites or laser trackers are used, other warnings can also be set in
the relevant module. For example, in the MTM these can indicate that a
ray intersection angle lies outside a critical region. In the instrument
modules warning colours are also independent of the current settings.

Shortcuts
Toolbar icon: none
Keys: none

7.3.1 Analysis Warnings dialogue box

Analysiz Warnings |

Barallelizn: 0. 0001 Cancel |

Interzection; 0.001 " [rom]
Help |

— Comparizon T olerance —"arning Colors

s 0.050  [mm] Good: - Colar ] ... |
" 0,050 [rom]
1-2% Ower: |:| Colar 2 ... |

z 0.050 " [rm]

Tatal: 0.010 [rarn] »an Ower: - Colar 3 ... |
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Analysis

Parallelism

In anumber of analysisfunctionsit is helpful to know when elements are
parallel asthis may produce a special result or indicate a situation to be
avoided. These functions are:

* Angles between lines, vectors and axes.

* Intersections between lines and planes

* Bisecting lines and planes

If two elements are parallel, the angle between them should be zero. Set a
small non-zero value here which will trigger awarning or special case
when the angle is not zero.

I nter section
Thistolerance relates to the intersection offsets between pairs of lines or
axes.

Ideally lines or axes intersect at a single point. In practice, they never
Intersect exactly and there will always be a small gap between their closest
points. The intersection point is chosen midway between these two points
and the intersection offset is half their separation. Set the minimum
positive distance which will trigger awarning that the intersection offset is
poor.

The diagram shows lines 1 and 2 with origins at O, and O,. The feet of the
perpendicular between the lines are at P; and P, and the intersection point
M is midway between them.

Diagram: Intersection

L.
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Comparison tolerance

Thisis used by the coordinate comparison function that subtracts two
corresponding data sets to see how well the coordinates match. Set
minimum positive differencesin X, Y and Z that will trigger a warning.
Thetotal difference refersto the vector length between the points.

Warning Colours

Warnings are displayed using 3 colour-coded levels that are specified here
by the user. Select the colour of awarning level by clicking the colour
button 1, 2 or 3. Warning levels have the following meaning:

Good
Calculated/measured value is not exceeded.

1-2x Over
Calculated/measured value is between 1 and 2 times the set value.

>2x Over
Calculated/measured value exceeds the set value by afactor of 2 or more

This feature will achieve its full use when graphicsfacilities are available.
Currently warning boxes may appear which will have the following
format:

Axyz

The example colour corresponds to the settings in the sample dialogue box,
I.e. the red background indicates that the value is greater than 2 times the
set tolerance level.
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7.4 On-line output

On-line output command (Settings menu) Alt,SN
"Enables user to specify on-line output behaviour."

This option provides an on-line record of the results of analysis and
transformation functions used during aworking session. It is also possible
to record any commands issued.

The output can be directed either to aprinter or aplain text (ASCII) log
file. Common options have the same meaning for both destinations.
However different selections can be made for each output destination so
that, for example, results only can be sent to the printer and results plus
commands recorded in the log file.

In summary the following are recorded:

» Theresults of any new coordinate system calculations

» Theresults of any analysis functions

» Commands issued from menus:. Settings, Coordsys, Analyse, Script

Note
Results recorded in this way do not have the same high quality
presentation produced by the Report Generator.

Shortcuts
Toolbar icon: none
Keys: none
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7.4.1 Dialogue box: Log file tab

40

Use this option to specify what logged information, if any, should be sent
tothelogfile.

On-line Output |

Lag file | Frinter I

O ukput
[ Data | Erirtt Data o Feguest Ehly

[T Commands [ Dialog 'Frint' - Buttons dizabled |

Logfile Mame:
IE: WhwpzData\obz\Daniel Dec2? Sample Job Browse... |

¥ tppend to any Existing File ¥ lgnore Page Break

Llities pern Page; IED Page Columns: IEU

] | Cancel |

Output
Select Data to output analysis and transformation results.

Select Commands to record other actions taken during a measurement
session (commands). For example, if the active coordinate system and
active workpiece is changed, the log file will include areport similar to the
following:

Cmd> Coordsys: Set active coordinate system: DEFAULT/REARPLANE
Cmd> Settings: Set active Workpiece: REAR

Print data on request only

Most functions whose results can be output on line have a Print button on
their results dialogue box. This may be active or inactive (greyed out) and
the choice is made here.

If data output has been selected, this will always be automatically sent
unless the Print button is active When active, datawill only be sent when
the button is clicked.

Therefore, to send data manually , select this option.
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If the option is not chosen, datais always sent.

Note

If sending data on line to both the log file and printer, then the "Print on
request” option must be the same for both outputs. If the setting for one
is changed, e.g. log file, then the setting for the printer will also
automatically change.

Log file Name

Type n anew name for the log file or use the Browse button to select an
existing file. A filename can contain up to 256 characters including the
"extension”. (See WINDOWS 95+ file naming conventions.)

Extension to log file name

If anameistyped in without an extension, the extension “log” is
automatically added.

L ocation of log file

If the full path defining the directory where the fileislocated is not
given, the location of the current job is assumed.

If the path does not exist the input is not accepted.

Append to existing file

Select this option to append the logged data, otherwise the log file will be
overwritten during the current measurement session.

Ignore page break
Select thisoption if the log file split up into defined pages is not required.

Lines per page
If page breaks are required the number of lines on each page are specified.

Page columns

Indicate the width of printed pagesin numbers of characters (one "column*
per character).
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7.4.2 Dialogue box: Printer tab

Use this option to specify what logged information, if any, should be sent
online to the printer . All options common to the options for alog file
operate the same way here. This section only lists items specific to printers.

On-line Output |
Logfile  Printer |
Clutput
r Qata 7} Erintiirata o E equestEhly
[T Commands [ Dialog 'Print’ - Buttons dizabled |

Print Setup... | ¥ Ignore Page Break
Lies e Fage; IEEI Fage Colurnns: IEEI

k. I Cancel Help

Print setup button

Takes the user to the standard print setup selections. This depends on
individual system configurations. See also "Hrint Sefup™jon page 2. |

7.5 Confirmations

Confirmations command (Settings menu) Alt,S,C
"Enables user to set delete protection warning flags.”

These commands provide alevel of data protection.

Sel ected options force the system to request a confirmation from the user
before deleting or overwriting the selected data items. If a confirmation has
not been requested for a data type, the system will automatically execute a

deletion or an overwrite action.

The same protection options are offered for both deleting and overwriting,
but they are separately recorded so that the choices may be different.
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Shortcuts
Toolbar icon: none
Keys: none

7.5.1 Dialogue box: Overwrite tab

In all cases, click on the check box to select or cancel a confirmation on
overwriting.

Confirmations |

Dvenwrite | Delete |

W rientations V' Contral Paints
¥ Measurements ¥ Entered Paints
¥ Elements [V Calculated Points
v Files [¥ Measured Paints

¥ Hidden FPaints

k. I Cancel Help

Orientations
Instrument orientations calculated for current job.

M easur ements

Measured angles and distances relating to current job. Appliesonly to
standard measurement types (normal, hidden point)

Elements

Any computed shapes, e.g. points, planes, cylinders.

Files
All files generated by Axyz.

Control Points
Point containing reference coordinates used to control orientations

Entered Points
Manually entered or imported point.

Calculated Points
Point derived by analysis, e.g. by intersection of two lines.

Cdm.doc 31/1/00 43



CDM SOFTWARE REFERENCE Axyz Ver. 1.4

M easur ed Points
Normally measured point derived from instrument measurements.

Hidden Points
Hidden point derived from the offset targets of a hidden point device.

Note
The actual offset points (device points) are not included in this
definition.

7.5.2 Dialogue box: Delete tab

In all cases, click on the check box to request or cancel a confirmation on
deleting. See "Overwrite tab" for full detalils.

7.6 Axis Labels

Axis Labels command (Settings menu) Alt,S X
"Enables user to specify axis labels’

Different labels can be defined for all types of coordinates but not for
/™ vans  1ndividually named coordinate systems. For example if two coordinate
forsers— systems named "CS1" and "CS2" are defined, and values in each are
displayed using right-handed coordinates, then the same axis labels, as

currently selected for this type of coordinate, will be used in each case.

See a'so "Cpord Typ€e™|on page 8P]

Shortcuts
Toolbar icon: none
Keys: none

7.6.1 Axis labels dialogue box

The dialogue box for RHR coordinates will be used to illustrate the options
for all coordinate types.
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Axislabels dialogue box: RHR tab

Axis Labels |

RHR |HR | cow | cce | sow | scco |

— Right Handed R ectangular

4 - Bl IE - I

- Busis: |&Y

=
- Bz I&Z j Clear |
(] 4 I Cancel | Help |

1=

Il

The basic methods of selecting alabel or specifying anew label (max. 10
alphanumeric characters) are as follows.

Choose an existing label
Click on the pull-down menu for the axis or coordinate to label or select.

Specify a new label

A new label that does not yet appear on the pull-down list can be defined
by typing the name directly into the selection box.

Clear button

Thiswill delete al the labels currently displayed and remove them from
the pull-down lists.

Shortcut key

For the new label to have a shortcut selection key defined by an underlined
letter, the “&” character (ampersand character) is placed in front of the
required letter.

Example

Typein: Le$ft
Display shows. Left
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7.6.2 Right handed rectangular RHR

Conventional order of coordinates:
(X axis, Y axis, Z axis)

X axis: Select or define the label for this axis
Y axis: Select or define the label for this axis
Z axis: Select or define the label for this axis

7.6.3 Left handed rectangular LHR

Conventional order of coordinates:
(X axis, Y axis, Z axis)

X axis: Select or define the label for this axis
Y axis: Select or define the label for this axis
Z axis: Select or define the label for this axis

7.6.4 Cylindrical clockwise CCW

Conventional order of coordinates:
(Horizontal distance from origin, Horizontal angle, Height or Z axis)

Distance: Select or define label for distancein XY plane
Horizontal: Select or define label for anglein XY plane
Z Axis. Select or define label for distance along +Z axis

7.6.5 Cylindrical counterclockwise CCC

Conventional order of coordinates:
(Horizontal distance from origin, Horizontal angle, Height or Z axis)

Distance: Select or define label for distancein XY plane
Horizontal: Select or define label for anglein XY plane
Z Axis. Select or define label for distance along +Z axis

7.6.6 Spherical clockwise SCW

Conventional order of coordinates:
(Distance from origin, Horizontal angle, Zenith angle (vertical circle))

Distance: Select or define label for distance from origin

Horizontal: Select or define label for anglein XY plane
Vertical: Select or define label for angle from +Z axis (zenith angle)
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7.6.7 Spherical counterclockwise SCC

Conventional order of coordinates:
(Distance from origin, Horizontal angle, Zenith angle (vertical circle))

Distance: Select or define label for distance from origin

Horizontal: Select or define label for anglein XY plane

Vertical: Select or define label for angle from +Z axis (zenith angle)
7.7 General

General command (Settings menu) Alt,S)I

"General settings'

» Optionsfor operation of geometric analysis and display of results
 Start-up options
» Filelocations

Shortcuts
Toolbar icon: none
Keys: none

7.7.1 Dialogue box: General tab

Settings x| |

General I Files |

— % eighting and Lluality Statiztic

& 5td. Dewiation + Mean emrod

&~ Uniform + BMS emrar

— Parameter Type Dizplay
* Badius
" Diameter

— Onentation Dizplay

{* Rotation &ngles [1fjmitss

= Unit Yectors IG

¥ Open Mozt Recent Job on Startup

¥ Auto- Start Data Manager on Opening Job
[ Auto- Calculation on Dialog Popup
¥ Show Local Eror Weighting: Switches

0k, I Cancel Help
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Weighting and quality statistic

This defines the default settings for the weighting scheme and quality
figures used in the shape fitting and best-fit transformation routines and
the default quality parameter for measurement windows in instrument
modules (STM/MTM, LTM).

For more technical information see QLlalm,Lstansucs_bn page 5£.|

Standard deviation + Mean error
Use weighting by standard deviation and the variance factor (mean error)
asthe quality statistic.

Uniform + RMSerror
Use uniform weighting and the Root Mean Square (RMS) residual asthe
quality statistic.

Note

It is not a mathematical requirement to link the method of weighting to
the type of quality statistic produced, but it is a practical conveniencein
Axyz. See also in the following sub-sections:

» Weightsin brief

o Variance factor (Mean error) in brief

» Definition of variance factor (mean error)

* RMSerror in brief

o Simple definition of RMS error

Parameter type display:
This applies to shape fits involving circular parameters.

Radius
Display the relevant parameter as aradius.

Diameter
Display the relevant parameter as a diameter.
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Orientation display

Tr2 The results of shape fits can be displayed using either vector components
JT™\ vans OF rotation angles. These are away of describing the orientation of the
forusers — shape's local axes. All shapes are defined by the parameters of alocal
origin, aset of 3 local reference axes, and possibly one other parameter.
Most 3D shapes require at least one main axis that is designated the local z
axis.

Unit vectors

Components of z axis unit vector

Rotation angles
Omega, phi, kappa rotation angles of the rotation matrix between the active
coordinate system and the local axes

Digits
Choose from the drop-down list the required number of decimal places for
displaying unit vectors.

Open most recent job on Startup

If selected, the most recently used job is opened when Axyz is started.
If not selected, Axyz starts with anew job.

Auto-start Data Manager on opening job

If selected, a Data Manager window is automatically opened when ajobis
opened.

Auto calculation on dialogue popup

There are two ways to anayse data:

1. Thetype of analysisis selected followed by the relevant data items from
within the dialogue box.

2. The DM isused independently to identify the items to be processed
followed by the type of analysisto be applied.

If method (2) is preferred, the analysis may also be carried out as soon asit

has been chosen if the box for auto calculation is checked. See " Auta

on page 113 flor comments about the operation of this feature.

Show local error weighting switches

In the Options section of the shape fitting and best-fit transformation
functions, switches can be provided to select the weighting scheme for the
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individual function (Standard deviation or Uniform). If this selection is not
made, the switches are hidden and the default setting will be used.

The switches would typically be hidden if one or other of the weighting
schemesis always used.

7.7.2 Dialogue box: Files tab

50

Settings |
General = Files |

Template for Mew Job [Master Databasze] :

Browsze. ..

ragran Files'\Leica\AswziMazterdbh bz Axyz

Drefault Job Directory:
II::"-.f-".:-:yzD ataJobz Browse...

Defaulk Scriptg Direchany:
IEZ"-\.":".:-:PZD ata\Scnpt Browse. ..

Current Onling Print Templates Direchany:

IE:'\F‘ngram Filez\LeicatmyzhFarms Browse. ..

Current Report Templates Directany:

II::"-.F'rl:ugram Files\Leicatbmyz RepF orms\LEG Browsg...

P ey

k. I Cancel | Help |

Template for new job (master database)

Specify the job, together with storage location, which should be used as the
template for new jobs, i.e. the master database. Master databases can be
created as follows.

Axyz isinstaled with a default master database named "AXYZ.AXYZ". It
Isstored in the Axyz programs folder and can be located at:

C:\PROGRAM FILES\LEICA\AXYZ\MASTERDB\AXYZ.AXYZ

The master database is ajob file like any other but it has been "locked" to
prevent direct editing. However, ajob created from this master can be
modified to meet a user's standard requirements.
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Using functions in the Settings menu, options can be set such as:
* Measurement units to be used
* Preferred axislabels
» Threshold levelsfor analysis warnings

Standard reference information can aso be defined such as:

» Specific scale bars, for example ones used by different measurement
teams on the site

» Specific hidden point devices, for example ones only used for a
particular purpose

» Specific reference data, for example reference data relevant to a
particular type of object which isregularly measured.

Once ajob has been tailored in thisway it may be stored and then defined
as the master database. Once a file becomes the master database it cannot
be modified directly in Axyz but can again be used as the template for
creating further potential master databases.

Summary: Creating a new master database

The stepsin creating different master databases are as follows:

» Create anew job file using the current master database

 Tailor the default settings to the user preferences

* Include definitions for standard scale bars and hidden point devices
» |Import any standard reference data.

Store the new potential masters with recognisable names, for example:
job: MASTER-FT has default unitsin feet and a scale bar defined in feet
job: MASTER-M " metres " metres
job: WING-REF has reference points for awing

job: DOOR-REFhas reference points for a door

Choose one of these as the master database. When anew job is created, it
Isacopy of this master.

Default jobs directory

Select the directory (folder) where Axyz should first look when offering a
selection of jobs.
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Default scripts directory

Select the directory (folder) where Axyz should first look when offering a
selection of scripts.

Current on-line print templates directory

Specify the directory (folder) where Axyz should find the templates used
for on-line printing.

Current report templates directory

Specify the directory (folder) where Axyz should find the templates used
for generating reports.

Browse buttons

If required, use the Browse buttons to search existing folders for the
required information.

7.7.3 Quality statistics

The following sections provide further information on weights, variance

n 2
,| ! vahs factors (mean errors) and RMS. The information is extracted from

for Users

52

"Mathematics for Users"' which discusses these issues in detail.

Weights

When calculating aleast squares solution to a measurement problem,
weights provide two advantages:

» They can account for different measurement qualities

» They can process mixed measurement types such as distances and angles

A measurement residual is assigned a value called a weight and the higher
the weight the more influence the corresponding measurement will have on
the final model of a situation. Modelled and measured values will then be
much closer and the corresponding residual will therefore be small.

The value of aweight depends on a measurement's calculated or estimated
quality, as defined by its standard error. If the standard error is small the
weight value is high and vice versa. Calculating weightsin thisway is
known as weighting by standard error or weighting by variance. Axyz
refersto this as weighting by standard deviation.
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Sometimesit is convenient to ignore differences between measurements
and treat them all equally. In this case every measurement receives avalue
for weight = 1. This weighting scheme is known as Unit weighting. Unit
weights might be chosen in several situations:

» Relative measurement qualities are not very well known

» Measurement quality varies but only by small amounts

« For comparison with results from 3" party software packages

Unit weighting offers the simplest |east squares analysis and is often used.

Variance factor (mean error)

In Axyz the calculated variance factor is a dimensionless quality figure
derived from al the measurement residuals in a weighted least squares
solution. In awell-structured solution with good data of known quality it
should theoretically have the value 1. If not, it may indicate an error in the
weighting scheme due to one of several sources.

* One or two bad measurements with large residuals which should have a
lower weight

» Unbalanced weights, for example control points which are given too
much weight relative to theodolite pointings

* Anerror in atrue element shape, for example if measured pointslie on
an ellipse and it is attempted to fit themto acircle

* A simpleinternal scaling error which does not affect the values of
calculated parameters but which may cause incorrect error estimation of
those parameters

The variance factor can only warn of a problem in aleast squares solution
but may not uniquely identify it. Other quality figures may have to be
investigated, or individual residuals examined, in order to find it.

The variance factor will only provide significant information if the
measurement set has high redundancy. If the redundancy islow, avalue
different from 1 may not mean very much.

A simple definition for the variance factor for uncorrelated measurements
of the same quality is:
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var_factor ==L r=N-u

N the total number of measurements made

v; indicates the residual of measurement number i

o isthe preliminary estimation of the standard error of the measurements
r is the redundancy in the measurements

u isthe minimum number of measurements to enable a solution

RMS error

The Root Mean Square (RMYS) error is derived from a set of measurement
residuals produced by aleast squares analysis such as a bundle adjustment
or shapefit. It relates to a particular type of measurement quantity such as
angles, distance measurements or coordinate offsets.

An RMS value larger than expected may indicate the presence of a small
number of bad measurements. In this case the residuals may have to be
examined, and other tests made, in order to track down the problem.

For aset of N residuasv; the RMS vaue is defined as:
2 v)

RMS 4 = = N

7.8 Access rights

54

Access rights command (Settings menu) Alt,SE
" Set access rights for non Supervisor”

When the Axyz system isinstalled, all menu functions (commands) are
availablein al the installed modules, as are all options for modifying data.

The system administrator or Supervisor can then define a user access
profile. This specifies which menu options or commands are accessible and
which options are available for modifying and editing data. This profileis
protected by a password and can only be altered if the password is known.
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Only one profile can be defined for an installation. Optionally this can also
be stored in an access configuration file (*.acg). However, athough
multiple *.acg files can exist it is not possible for different usersto log
onto a particular installation with different access rights. (no multi-user
access).

7.8.1 Password

When the Supervisor defines the user profile for the first time, the

following box appears:
AXYZCONF |

@ Fleaze specify a pazswaord and prezerve it carefully |

In normal use the following access box appears:
Axyz Configuration Login |

P azzwond;
| _ Concel|

Cancel

[ Speciiy Mew Password Help |

Definition of password for first time

When a password is defined for the first time, the option to Specify new
password is not available.

After definition of the password, Retype new password will be requested
to confirmiit.

Use and modification of existing password
For subsequent access to the user profile, enter the Passwor d.

To change an existing password, select Specify new password and the
following sequence:

* Enter old password

» Enter new password

* Retype new password
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7.8.2 Dialogue box: Commands tab

56

|E Leica Axyz Configuration Tool |
Commands | Edit Rights |
tModules: Commands:
[w]Analyzeddngle... -
Az Data Manager [w]dnalyzedc Distance. ..
Theodalite b anager .
Laser Tracker .-'f-.nal_l,lze.-"E!sect...
Graphics Module [w]nalyzeCircle...
[w]Analyze/Compare Sets. .
[w]Analyze/Cone. ..
[wAnalyze/Cylinder. ..
(wAnalyze/Distance...
Statuz: [w]Analyze/Divide Line. .
Ready [w]AnalyzeHidden Point. .
[w]Analyzedlntersect..
[w]AnalyzesLine. . ;I
Enableall | Disable sl |
| Save... I Restare... | Help | Cloze |

Modules

Click on the module for which access rights need to be defined. All the
menu commands then appear in the Commandslist.

Commands

Select acommand (menu option) to permit accessto it or click again to
block accessto it.

Use the Enable all button to allow accessto all commands.
Use the Disable all button to block accessto all commands.

Status

The function scans the selected module, showing progress in this box. The
profile can be defined when the status is Ready.

Save button

Once the profile has been defined, this button is clicked to save it to an
external file. A standard Windows dialogue box will appear which allows
this profile to be saved as a*.acg filein any folder.
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Restore button

Click this button to see alist of previously defined profiles, stored as *.acg
files. A standard Windows dialogue box allows the file to be selected.
Once selected, this profile defines the current list of selected items.

7.8.3 Dialogue box: Edit rights tab

|_E Leica Axyz Configuration Tool |
EDITIITIEII"IdS Edlt nghtS I
Record Types: Fields:
Shapes - [w]'forkpiece 1D [
| Station M easureme ¥ Pairt D
Measurements [l
Ori & Coll Meas't vl
WWork pieces [wl]Z
Scalebars ]z
Scale Distances
Scale Measuremerﬂ g:g ﬁ —
—Rights————  [wI5tdZ
W Insert [w] Carnrett
: [ Th Type
W Delate | Thickress 4
IV Modify Enabledll |  Disables |
Save.. Bestare... | Help | Cloze I

Record types

Thisisalist of al the record typesin the database. These are displayed as
individual tables or tabs by the Data Manager.

Click on arecord typeto select it and all the corresponding fields appear in
the Fieldslist.

Rights

For a selected record type, select an option to allow the user one or more of
the following:

Insert

This allows a new record of the selected type to be inserted manually into
the database.
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Delete
This allows the user to delete one or more records of the selected type.

Modify

This allows the user to edit individual fields of the selected type. When
selected, the Fields list is active and individual fields may be chosen for
permitted editing.

Fields

The individual fields of the selected record type are listed here. If auser is
allowed to edit individual fields, ensure the option RightsM odify is
selected.

Select afield to permit access to it for editing, or click again to block
access to it.

Use the Enable all button to allow accessto all fields.

Use the Disable all button to block accessto all fields.

Save button

Once the profile has been defined, click this button to saveit. A standard
Windows dialogue box will appear which allows this profile to be saved as
a*.acg filein any folder.

Restore button

Click this button to see alist of previously defined profiles, stored as *.acg
files. A standard Windows dialogue box allows you to select the file. Once
selected, this profile defines the current list of selected items.
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8. Tools menu

8.1 Orient Network

Orient networ k command (T ools menu) Alt,T,O
"Performs a bundle solution”

This command provides access to the Orientation module, which allows

/"™\ wans USErsto calculate a complete measurement network. Sufficient
forUsers measurements must be available to ensure that the computation is possible.

For full details see "The Orientation Module” pn page 244.]

Shortcuts
Toolbar icon: none
Keys: none

8.2 Theodolite Manager

Theodolite Manager command (T ools menu) Alt, T, T
" Starts up theodolite manager"

The Theodolite Manager is separately described in:
"Axyz STM/MTM -Theodolite Modules. Software Reference Manual".

Shortcuts
Toolbar icon: a
Keys: CTRL+T

8.3 Tracker Manager
Tracker Manager command (T ools menu) Alt, T,A
"Starts up laser tracker manager”

The Tracker Manager is separately described in:
"AXxyz LTM - Laser Tracker Module: Software Reference Manual".

Shortcuts
Toolbar icon: a
Keys: CTRL+G
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8.4 Environmental Monitor

Environmental Monitor command (T ools menu) Alt,T,E
" Starts up environmental monitor (weather station)"

If an environmental monitor for measuring external temperature and
pressure is attached, readings can be started here. The following monitors
are supported:

e Thommen HM30

» Davis Perception Il

Shortcuts
Toolbar icon: none
Keys: none

8.4.1 Setting monitor type

Type Seloction |

“Wwieather Station Type
k.
% Thommen I_I
" Davis
[T Don't show thiz Dialog upon Startup

60

Thefirst time this option is accessed after installing Axyz, a choice of
environmental monitorsis offered.

Weather station type

Choose one of the following:
* Thommen
» Davis

Don't show this dialog upon startup (weather monitor)

Normally the weather monitor is defined only once. Select this option to
avoid seeing the box every time the monitor is subsequently started. If the
monitor is exchanged for adifferent type, this box can again be accessed
viathe Settings dialogue box.
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8.4.2 Dialogue box: Environmental Monitor

! Thommen Environmental Monitor M= E
Walles: Differences:
Pressure: | 964.46 | 0.00  [mbar]
Air Temp: | 225 | 0.0 [C] i
Obj Temp: | 227 | 0.0 [0
Minimize | Graph | Reszet |

Monitor during operation

Walues: Differences:
Pressure: | | [mbar]
Air T emp: | | [C]
Obj. Temp: | | [C]
LCloze | Settings... | Help

Monitor prior to reading

Values

Readings are shown for the following:
Pressure: Ambient air pressure

Air temp: Ambient air temperature

Obj. temp: Object temperature.

(Temp. of surface to which sensor is attached.)

Differences

Differences between current readings and initial readings (made when the
monitor isfirst started) for the following:

Pressure: Ambient air pressure

Air temp: Ambient air temperature

Obj. temp: Object temperature.

(Temp. of surface to which sensor is attached.)

Start button
Click hereto start recording according to the Settings.

Stop button
Click hereto stop recording and alter settings.
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Minimise button

Click here to keep the monitor active but minimised on the Windows task
bar. Alternatively use the standard Windows "Minimise" button: g

Graph button

Click here to display a graph of values monitored since the sensor was last
re-set.

Settings button
Click hereto access a dialogue box for specifying monitoring parameters.

8.4.3 Dialogue box: (Environmental monitor) settings

62

Settings |
Initial ¥ alues: Talerances:  Thresholds: Ok I
Pressure: | 96445 | 4.00 | 1.00  [mbar] Cancel |
Air Temp: 234 1.0 05 [C
B | | [c] oo |
Obj. Temp: | 239 | 10| 05 [C]
Part #: Bead eveny... [ Auto Start
¥ “Wwain on Excess
A —_—
I-I j I5 = lseel 2} =l fon Tippe

Initial values

These are the first readings made after starting the program or after re-
setting when the tolerance is exceed.

Tolerance bands are centred on these values.

Tolerances

If the differences between current readings and initial readings exceed the
tolerances set here, and Warn on excess is selected, the operator will
receive awarning on screen.
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Thresholds

Differences between current and initial readings must exceed the settings
made here before the monitor program will provide an update to the
instrument modules STM/MTM and LTM. Suitable settings can ensure
that these modules are not interrupted unnecessarily.

Port #

From the drop-down list, select the number of the serial port to which the
monitor is connected.

Read every
Define the interval at which updated readings should be made.

Auto start

If selected then the monitor will start reading as soon as the option is
chosen from the main menu. Otherwise the operator must select the option
and then click the Start button.

Warn on excess

If selected, awarning message will be displayed if the current reading
differs from theinitial reading by more than the defined tolerance.

Tolerance YW arning I

& OBJECT TEMP. Tolerance Excesdsd |

Press lonore' to skip thiz Warning |

Frezz ‘Reet' to Overtake Mext Meazured
Walues az Mew Baze |

Stop | Reset |

Choose one of the optionsin the warning box. Selection of Reset will
cause the initial values to be changed to the current values.

Ask for type

If the monitor type has already been specified, and the corresponding setup
box no longer appears, this option is selected to access the setup box next
time the monitor is started. The following message appears.
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WH =l

Senzor Type Selection will
be offered upar nest startup |

8.4.4 Dialogue box: Graphical display of monitored values

Values of temperature, pressure and humidity, monitored since the sensor
was last started or re-set, can be viewed here.

See the example displays. The temperature display shows both object and
air temperature in the corresponding colours that can be specified by the
user. Tolerance bands are shown in thicker, lighter lines, equally spaced by
the defined tolerance on either side of theinitially recorded value.

Customise button
Click this button to access a dialogue box for customising the display.

Parameters

Select which monitored values to be plotted.
* Temperature
* Pressure
e Humidity

OT probes

Not currently relevant.

Future development will allow for multiplexed temperature sensors that
will have multiple probes for sensing object temperature. It will be
possible to process data from these probes in different ways.
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Example: Temperature graph

emperature Graph

[C] Temperatures History Report
40.0 + - ]
- b7
30,0 T Help |
— Parameter—
20,0 + () Temp
' Pressure
r L
10,0 - Humidity
i Erabes=
* 1 [zed
0.0 1 i
-10.0 t t t + Time [sec]
0.0 15.0 30.0 45.0 60.0

Example: Pressure graph

ressure Graph

[mbar] Pressure History Report Close |
Frint |
1090.00+ Custarnize. . |
1060.00+ L&k |
T — Parameter—
1030.00+ ) Temp
T & Pressuie
1000.00+ : .
1 ' Humidity
970.00 + =1 Frobies—
= [[sed
940.00 + i Al
910.00 +
t t t t Time [sec]
0.0 15.0 30.0 45.0 60.0

Example: Humidity graph

26 Humidity History Report Close |
4 Frint |
90.0 -~ Custamize... |
Help |
0.0 — Parameter—
T " Temp.
500 -+  Pressure
'a
300 = W Frobies—
=) [Uz=d
i )4
10,00
t t t t Time [sec]
0.0 15.0 30.0 45.0 60.0
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8.4.5 Dialogue box: Customise graphic view

66

Costomize GraphicView |
—Anes
¥ - Time ¥ - Hurnidity :
Units: ISecnnds ﬂ I [%] Cancel |
Baze Walue: I 0o I nao Help |
ax Value: | 0.0 | 100.0
Mum. of Steps; I 4::.' I 1D::|'
Label Denzity: I 1 ﬁ I 2ﬁ
— Colorz Timestamps Limit:
W Homidy =] | [ s
¥ [rclide Mean W Temm, Burve atd Toleranes Batd

Units

For the X axis (time axis), select:
* Seconds

* Minutes

* Hours

* Days

The units of the Y axis are fixed and internally defined as follows:
* Temperaturein °C

* Pressurein mbar

e Humidity in %

Base value

The base value is the starting value on the axis.
The X axis (time axis) has afixed base value at time = zero
The user can set the starting Y value.

Max value

The user can define the maximum value displayed on both X and Y axes.
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Num. of steps

The range plotted on each value can be divided into a number of steps,
with atick mark at each step.

Label density

Axisvalues can be labelled at every N marked step along the axis, where N
isthe value input here. When N = 1, every tick mark is labelled.

Colours

Click a parameter on the drop-down box to seeits currently defined colour
to the left.

Click the button to the right of the parameter to access a colour palette and
alter the colour.

Time stamps limit

Sensors are configured to record data at set time intervals. These records
are stored and used to generate the graphical display. If asensor is allowed
to run continuously it can generate a very large number of recordsand a
correspondingly large datafile.

The Time stamps limit restricts the maximum number of records used for
graphical display in this case. This restriction does not affect sensor
operation or the triggering of warnings. It only limits the maximum amount
of datafor graphical display.

Include mean obj. temp.curve and tolerance band

Not currently relevant.

Future development will allow for multiplexed temperature sensors that
will have multiple probes for sensing object temperature. It will be
possible to process data from these probes in different ways, for example
to calculate a mean temperature for the object.

8.5 Inclination sensor

Inclination sensor command (T ools menu) Alt, T,
" Starts up inclination monitor (Nivel)"

If aNivel is attached to monitor tilts, readings can be started here.
This function supports the Nivel 20 with serial or TP LAN connection.
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Shortcuts
Toolbar icon: none
Keys: none

8.5.1 Specifying the Nivel connection

68

Communication Type Selection |
C tior Through
e o |
= Serial Port [AS 232}

i~ TF Lak Port

[T Don't show this Dialog upon Startup

Thefirst time this option is accessed after installing Axyz, two connection
options for the Nivel will be offered.

Connection through

One of two connection options can be chosen.
» Serial port (RS232)
 TPLAN port

The seria port option enables the Nivel to be used with STM/MTM or
LTM for general tilt monitoring.

Either option can be used with the LTM to reference the tracker to gravity.

Don't show this dialog upon startup (Nivel)

Normally the connection is defined once only. This option is selected to
avoid seeing the box every time the Nivel is subsequently started up.

If the Nivel connection is changed, this box can be accessed again viathe
Settings dialogue box.
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8.5.2 Dialogue box: Leica Nivel
{5 Leica Nivel M= E

W alues: Differences:
R | 01430 -0.0020  [mrad]

02560 | 00020 [rorad] :

Ry |

Stop | Minimizel

Values

Readings are shown for the following:
Rx

Tilt component on the Nivel's x axis.
Ry

Tilt component on the Nivel'sy axis.

Differences

Differences between current readings and initial readings (made when the
monitor isfirst started) for the following:

Rx

Tilt component on the Nivel's x axis.

Ry

Tilt component on the Nivel'sy axis.

Start button
Click hereto start recording according to the Settings.

Stop button
Click hereto stop recording and alter settings.

Minimise button

Click here to keep the monitor active but minimised on the Windows task
bar. Alternatively use the standard Windows "Minimise" button: g

Zoom button
Click hereto increase the size of the displayed digits:
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S Leica Nivel Mi=] E3

0.1420

Stop | Minimizel

When the display is zoomed, readings are made every 0.5 secs., regardless
of the setting for reading interval. This therefore provides an operator with
alarge display that provides an immediate response, suitable for making
adjustments.

This dialogue box can be re-sized for easier viewing at a distance.

Settings button
Click here to access a dialogue box specifying monitoring parameters.

8.5.3 Dialogue box: (Nivel) settings

70

Settings
Iritial Yalues: Tolerances:  Thresholds: DK I
Fia: | 0.0000 | 0.0100 | 0.0050 | [.OO7 mrndm] Cancel |
P 00000 n.oion 0.0050
Ry | | | [.001 mmdm] Help |
Units: Port #:  Bead even... [ Auto Start
I.DEI'I mm.m "l I* vI |5 _l? [zec] W Excess wam
™| feske fan Tupe

Initial values

These are the first readings made after starting the program or after re-
setting when the tolerance is exceed.

Tolerances

If the differences between current readings and initial readings exceed the
tolerances set here, and Warn on excess is selected, the operator will
receive awarning on screen.
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Thresholds

Differences between current and initial readings must exceed the settings
made here before the monitor program will provide an update to the
instrument modules STM/MTM and LTM. Suitable settings can ensure
that these modules are not interrupted unnecessarily.

Units
Select units of tilt measurement from the following list

Unit Remark

mrad milliradians (Ttradians = 180 degrees)

gon 100 gon per quadrant

degree sexagesimal degrees

0.001 mm/m  millimetres vertical rise per metre horizontal change
0.001 in/ft inches vertical rise per foot horizontal change

Port #

From the drop-down list, select the number of the serial port to which the
monitor is connected. This option is not available if the Nivel is attached
through atracker's Local Area Network (LAN).

Read every
Define the interval at which updated readings should be made.

Auto start

If selected then the monitor will start reading as soon as the option is
chosen from the main menu. Otherwise the operator must select the option
and then click the Start button.

Warn on excess

If selected, awarning message will be displayed if the current reading
differs from theinitial reading by more than the defined tolerance.
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T olerance Warning

& OBJECT TEMP. Tolerance Esceeded |

Prezs lgnare’ to zkip this W arming |

Prezs 'Reszet' to Overtake Mest Measured
Yalues az Mew Baze |

Stop | Bezet |

Choose one of the optionsin the warning box. Selection of Reset will
cause the initial values to be changed to the current values.

Ask for type

If the type of connection for the Nivel is already specified, and the
corresponding setup box no longer appears, this option is selected to
access the setup box next time the Nivel is started. The following message

appears.

NIVEL =

Communication Type Selection wil
be offered upon nest startup |

8.6 Refractometer

72

Refractometer command (T ools menu) Alt,T,R
" Starts up arefractometer monitor"

Readings from a refractometer can be started here.

This function supports the Spindler & Hoyer LR 1 refractometer.

One of the following |EEE interface boards with appropriate driver
software is recommended:

» Keithley METRABY TE KPC488.2

e 10 Tech AT-488

(Other |EEE boards from these manufacturers may work but thisis not
guaranteed.)

Shortcuts
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Toolbar icon: none
Keys: none

8.6.1 Dialogue box: Refractometer

4. Hefractometer [ =] |
Refraction Indes:
Difference:
Group Refr. Index:

Cloze | Settings. .. | Help

Refractive index
Current value of refractive index for laser interferometer.

Difference
Differences between current refractive index and initial refractive index.

Group refractive index

Current value of group refractive index for Absolute Distance Meter
(ADM).

Start button
Click hereto start recording according to the Settings.

Stop button
Click hereto stop recording and alter settings.

Minimise button

Click here to keep the monitor active but minimised on the Windows task
bar. Alternatively use the standard Windows "Minimise" button: g

Zoom button
Click hereto increase the size of the displayed digits:
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Settings button
Click hereto access a dialogue box for specifying monitoring parameters.

8.6.2 Dialogue box: (Refractometer) settings

74

Settings |
— Refraction [ndex
Ok I
Initial ' alue; I 0. 0000000
Cancel |
Tolerance: | 00000071 0 -
Options... |
Update Threzhald: I 1.0000000
Hep |
Bead eveny... v ‘wiam on Excess
IE E [zec] [ Auto Start
Initial value

Thisisthe first reading made after starting the program or after re-setting
when the tolerance is exceeded.

Tolerance

If the difference between current reading and initial reading exceeds the
tolerance set here, and Warn on excess is selected, the operator will
receive awarning on screen.

Update threshold

Differences between current and initial readings must exceed the setting
made here before the monitor program will provide an update to the
instrument modules STM/MTM and LTM. A suitable setting can ensure
that these modules are not interrupted unnecessarily.

Read every
Define the interval at which updated readings should be made.

Auto start

If selected then the monitor will start reading as soon as the option is
chosen from the main menu. Otherwise the operator must select the option
and then click the Start button.
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Warn on excess

If selected, awarning message will be displayed if the current reading
differs from theinitial reading by more than the defined tolerance.

Talerance Warning |

& QBJECT TEMP. Tolerance Exceeded !

Prezs lgnare’ to zkip this W arming |

Prezs 'Reszet' to Overtake Mest Measured
Yalues az Mew Baze |

Stop | Bezet |

Choose one of the optionsin the warning box. Selection of Reset will
cause the initial values to be changed to the current values.

Options button

Click the Options button to access a dialogue box for refractometer
options.

8.6.3 Dialogue box: (Refractometer) options

Group Refraction Index Parameter

— Use for Group Refraction Index Calculation

1 Height: 450,000 [

G‘g Bressure: | .00 [mbar]
3 Temperature:l I 234 [[E]

Cancel

ddi],

Help

Because of the way it works, the Absolute Distance Meter in the laser
tracker needs a modification to the refractive index, called the group
refractive index. This modification can be made with a measurement or
estimate of either of the following:

» Height above sealevel

o Air pressure

» Air temperature

Only one parameter is required. The parameters may be manually entered.
Alternatively click on the temperature and pressur e buttons to read
values from a suitable external monitor, if connected.
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8.7 Process Automation

Process Automation command (T ools menu) Alt, T,P
"L aunch process automation module"

The Process Automation Module (PAM) enables measurement sequences
to be automatically programmed without directly using the Visual Basic
programming language. A graphical interface enables the user to put
together a sequence of commands such as " Create new tracker station”,
"Import reference points"' etc.

Full details are provided in a separate manual .

Shortcuts
Toolbar icon: S
Keys: none

8.8 Swap points

Swap points command (T ools menu) Alt, T,W
"Move points from measured to reference and vice versa'

Y Axyz point datafallsinto 3 main classes:

/Q\ » Object points (mostly measured points on the object)

» Reference points (design coordinates used to manufacture the object)
» Network points (locations of stations and scale bar targets)

Concepts

Analysis can only be performed on measured object points. If design data
needs to be analysed the reference points must be "swapped"” into the
object area. Equally, to use measured object points as reference data, they
need to swapped in the other direction. Swapping can either move points
from one area to another or copy them into another area.

The dialogue box changes slightly depending on the direction of the swap.

Shortcuts
Toolbar: none
Keys. none

8.8.1 Swap points procedure
Swapping from Ordinary (Object) to Reference

76 Cdm.doc 31/1/00



Axyz Ver. 1.4

CDM SOFTWARE REFERENCE

A Reference ID and Reference Workpiece name must be provided for the

swapped data.

Swapping from Referenceto Ordinary (Object)
The workpiece to receive the reference data must be indicated. Points of
type "entered" are created in the destination workpiece.

It is also necessary to indicate the coordinate system of the reference data.
For consistency, all object datais stored in the Base Coordinate System.
External datain a different coordinate system must therefore be
transformed. If the appropriate coordinate system does not yet exist in the
object area, it should be created. Various techniques are available. See

8.8.2 Swap points dialogue box

" bn page sl

Swap points dialogue box for Ordinary to Reference:

Swap Points E2
r— Dlirecti Functi I
irection unction oK
% Ordinary to Refersnce ¢ Copy
" Reference to Ordinary  Move Cancel |
Selected Poaints: Reference |D: Selsct D... |
;I I Delete |
Reference Work pigce: Help |
Reference Coordinate Systen:
| DEFAULT fcolani2 =l
4] 3

Swap points dialogue box for Reference to Ordinary:

Swap Points E2
— Diirecti Functi I
irection unction O
¢ Ordinary to Reference = Copy
% Heference to Ordinar  Move _ Carcel |
Selected Points: Eeferencel b SeleetiD |
;I I Welete |
W ok piece Help |
Reference Coordinate System:
| DEFAULT fcolani2 =l
4] 3

Direction

Choose one of the following directions for swapping points:
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Ordinary to Reference
Swap from the object area to the reference area

Referenceto Ordinary
Swap from the reference area to the object area

Function

Choose to either make a copy of the swapped data in the destination area
or to move it from its current position to the destination. If moved it will
no longer be available in its original location.

Selected points

Click in this box and use Select 1D or equivalent to select the swapped
points.

The list may be modified by highlighting items and deleting with the
Delete button.

Reference ID

If swapping from reference, specify the reference ID.
Thisfield is greyed out if swapping from the object area.

Reference Workpiece / Workpiece

If swapping from reference, specify the reference workpiece.
If swapping from the object area, specify the workpiece.

Reference coordinate system

Select the coordinate system of the reference points from the drop-down
list. By default this shows the currently active coordinate system and the
list shows all coordinate systems which have been defined. If the correct
coordinate system is not available it should first be created.

8.9 Options

Options command (T ools menu) Alt,T,N
"Enables user tools and sensors to be assigned"
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Users can used this tool to add their own and other programs to the Axyz
menu and optionally assign them to atoolbar button.

Shortcuts
Toolbar icon: none
Keys: none

8.9.1 Assign Custom Tools dialogue box
2

Menu label

Typein the label which should be added to the list of tools and which
identifies the added program.

To have an underlined letter in the label as a shortcut selection key, the
“&” character (ampersand character) is placed in front of the required
letter.

Example
Typein: & Calculator
Display shows: Calculator

Executable path

Use the browse button to find the associated * .exe program file and its full
path or else manually enter the full path to the program.
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Show as Tool Bar Button

When this checkbox is sel ected the associated menu item will also be
assigned to atoolbar button and the program can also be started by
clicking on the relevant button. The associated menu item is either the new
item being added or one of the items from the “Current assignment” list
that has been highlighted.

The buttons are labelled T1 .. T10 corresponding to the added items 1 .. 10
on the menu. Thefirst 10 items can be assigned to toolbar buttons.

Note
When adding a new item, this checkbox is not active until the item has
been added to the list using the Add button.

Current assignment

Thisliststhe additional programs currently assigned by the user to the
tools menu. The menu label is followed by the associated program.

Thefigures 0 and 1 indicate:
0 - thisitem is not assigned to atoolbar button
1 - thisitem is assigned to atoolbar button

Add/Remove

Click on “Add” to add the new item to the tools menu.
Highlight an item in the Current Assignments box and click on “Remove’
in order to remove the item from the list.

8.10 Custom menu (Assigned tools)

80

Any assignments made by the user are listed below “Options’. Before any
assignments have been made, this area has the default |abel Custom
Menu.
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9. Coordsys menu

9.1 Active Coordsys

Active Coor dsys command (Coor dsys menu) Alt,C.A
" Sets the active coordinate system”

This dialogue box is used to change the currently active coordinate system.
Thisisthe system in which coordinates are viewed and output. Any of the
existing coordinate systems or shapes can be designated as the active
coordinate system except for shapes of type "vector".

Note
When coordinates are created, the name of the system active at the time
of creation is stored with the point data as the display coordinate system.

Shortcuts
Toolbar icon: none
Keys: CTRL+J

9.1.1 Active Coordsys dialogue box

Active Coordinate System

Active Coord. Systen; K
DEFALILT /BASE = | BASE

Cancel

Created:  Tue Mar 04 08:14:05 1357
Help

il

Dezcription;

Active Coord. System

This box shows the name of the currently active coordinate system,
followed by atype name. A type name which is a shape (e.g. LINE,
PLANE) indicates that a shape has been used to define the system
otherwise the type name indicates how the system was originally defined
(e.g. ALIGNMENT).

To make another coordinate system the active system, select from the
drop-down list.
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Created
Date of creation of the currently active system.

Description
Description recorded when coordinate system was created.

9.2 Coord Type

Coord Type command (Coor dsys menu) Alt,C,C
" Sets the type of the active coordinate system”

This allows the user to select the type of 3D coordinates used for display

JT™\ vans and output. Thisis essentialy a"filter" operation. Internally the

for Users coordinates remain in the base coordinate system that is a right handed
rectangular (RHR) system with metres as length units.

Shortcuts
Toolbar icon: none
Keys. CTRL+Y

9.2.1 Coordinate type dialogue box

Coordinate Type

— Type

" BHF Right Handed Rectangular
% L HR Left Handed Rectangular

i~ COwW Cylindrical Clockwize

" CCC Cylindrical Counter Clockwize
= 5w Spherical Clockwize

" SCC Spherical Counter Clockwize

K

Cancel

ai

Help

9.2.2 Rectangular coordinates (RHR, LHR)

3D rectangular coordinates are defined by 3 mutually perpendicular axes
(each is at right angles to the others). The axes are often called X, Y and Z
and a set of coordinates is conventionally given in the order (X,Y,2).

Since the axes can be arranged in two different ways, right and left-handed
systems are defined according to the convention illustrated in a simple 2D
case.

82 Cdm.doc 31/1/00



Axyz Ver. 1.4 CDM SOFTWARE REFERENCE

If axes are defined in an order say X then 'Y, the set of coordinates defining
apoint are assumed to correspond to this order. For example, a point with
coordinates (3.8,4.5) has X value= 3.8 and Y value = 4.5. However, the
axes can be physically drawn in two different ways and the shapesform a
different pattern in each. One pattern is a mirror image of the other.

Y our hands provide a simple way to remember the arrangement. With
palms up and thumb and forefinger of the left and right hands extended as
shown, they point in the positive directions of the first and second axes
respectively (herecalled X and Y). If the third finger is extended upwards,
it will point in the positive direction of the third axis of a 3D system
(typically called Z).

Right and left-handed convention

X Y Yoy
QO at(0,0) y y
A at(1,0) @ @k
[Jat(0,1)
—A A—»
Left handed Right handed

Right-handed coordinates RHR

+Z
A

Right handed Cartesian (rectangular)

Right-handed axes follow the right-handed convention for the first, second
and third axes.
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Left-handed coordinates LHR
o F (x¥2)
+Z

Left handed Cartesian (rectangular)

L eft-handed axes follow the | eft-handed convention for the first, second
and third axes. When Axyz changes from aright-handed to a left-handed
system, the signs of the X coordinates change but Y and Z values remain
the same.

9.2.3 Cylindrical coordinates (CCW, CCC)

In Axyz cylindrical coordinates are derived from a right-handed
rectangular system. In acylindrical systemthe X and Y values are
expressed in terms of aradial (distance) offset from the Z axisand a
horizontal angle of rotation. The Z coordinate remains the same.

Thisisaconvenient system for measuring cylindrical objects where the
cylinder axis corresponds to the Z axis of the rectangular system. If the
cylinder is standing upright, the Z axis corresponds to a height
measurement, which is the alternative name implied in the diagram. Angles
are then horizontal angles of rotation around this axis.

A set of coordinatesis conventionally given in the order (radius, horizontal
angle, height).
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Cylindrical clockwise coordinates CCW

+Z

\ P (roh)

+Y
00
270° o

180°
+X

90°

Cylindrical clockwise

In a clockwise system horizontal angles are measured starting at zero on
the Y axis and increasing towards X which isat 90°. Thisis aclockwise
increase when viewed from above.

Cylindrical counterclockwise coordinates CCC

+Z

. P (r,o,h)

+Y
90°
180°

270°
+X

00

Cylindrical counter clockwise

In a counterclockwise (anticlockwise) system horizontal angles are
measured starting at zero on the X axis and increasing towards Y whichis
at 90°. Thisis a counterclockwise increase when viewed from above.
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9.2.4 Spherical coordinates (SCW, SCC)

86

In Axyz spherical coordinates are derived from a right-handed rectangular
system. In aspherical system apoint islocated by a distance and two
angles rather than the 3 coordinate values along the rectangular axes. For
axes |labelled XY Z, and Z regarded as vertical, the point is located by its
distance from the origin, horizontal anglein the XY plane and zenith angle
measured from the Z axis.

A set of coordinates is conventionally given in the order (distance,
horizontal angle, zenith angle).

Coordinatesin thisformat are directly produced by instruments such as
Total Stations and laser trackers. These measure the distance to a point and
the corresponding horizontal and vertical angles.

Spherical clockwise coordinates SCW

+Z

o P (d,.B)

270°

o
180 +X

90°

Spherical clockwise

In a clockwise system horizontal angles are measured starting at zero on
the Y axis and increasing towards X which isat 90°. Thisisaclockwise
increase when viewed from above.
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Spherical counterclockwise coordinates SCW

+Z

L o P (d,a,5)

180°

270°

+X
0°

Spherical counter clockwise

In a counterclockwise (anticlockwise) system horizontal angles are
measured starting at zero on the X axis and increasing towards'Y whichis
at 90°. Thisis a counterclockwise increase when viewed from above.

9.3 Scale

Scale command (Coor dsys menu) Alt,C,S
"New coordinate system by scaling”

This command creates a new coordinate system by applying a scale factor
to an existing system. All old coordinates will be multiplied by the scale
factor to get new coordinates. In effect, the whole object is re-scaled.

The scale factor may be set in different ways:

» Directly

» By defining the length between any two points to have a new value
» By specifying a coefficient of expansion

Shortcuts
Palette 1: =X
Keys. none
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9.3.1 Scale dialogue box

88

Beainning Coard. Systerm 1D IB.-*'.SE (] 4 |
Cancel |
Coordinate System 1D: I
Descriphan: SElEChiDE |
Set new Coordinate Systemn as Curent [ Help |
— Scale By
" Factar: I
¥ Two Points and Distance:
Scale Factor

Paint1: [point5

28727657

Faint 2 [point2

Distance in Target C5: I 41 Irn]

™ Dbject Temperature and Coefficient of Thermal Expansion (CTE):
[ETIE /i aterial: 2358 ppmm] |.-“-‘-.Iuminium [BOBT-TERT] j

HEeference Temp:l 1767 | (]
Dbigu:tTemp:l I 2000 IE]

Beginning Coord. System ID

This isthe coordinate system to which the scale factor will be applied. By
default, the active system appears in the box. Use Select |1 D to choose a
different initial system or manually enter the name of an existing system

Coordinate System ID

Thisisthe ID of the new system. Manually enter a new name or an
existing name. An existing name can also be chosen with Select ID. An
existing system will be overwritten with the new definition.

Description
Optionally enter descriptive text for the new coordinate system.

Set new coordinate system as current

If selected, the new coordinate system will become the currently active
coordinate system.
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Scale by: Factor

This method defines a new coordinate system that multiplies all
coordinates in the starting system by the scale factor entered into the box.

The factor must be positive and non zero.

Note

The parameter stored as the new system's scale factor is the net scale
factor which may not be the value set here. For example, if the starting
system has a scale factor of 0.5 and a factor here of 3 isinput here, the
new system has a net scale factor of 1.5, i.e. (0.5) x (3) = (1.5).

Scale by: Two points and a distance

This method calculates a scal e factor which will make the distance
between two selected points in the new coordinate system equal to a
specified distance.

Point 1, Point 2
Manually enter existing point names here or use Select 1D. The points
must exist and their names must be different.

Distancein target CS
Manually enter the separation which the two points must have in the new
coordinate system. This value must be positive and non-zero

Scale factor

Once the two points and distance have been specified, the Preview button
may be clicked to see what scale factor is required to produce the specified
point separation.

Scale by: Object temp. and coeff. of thermal expansion (CTE)

For objects constructed mainly from a single material, the new coordinate
system can be re-scaled using the coefficient of expansion and the
temperature difference from areference.

Select the relevant material from the drop-down list to specify the
CTE/Material value and the Refer ence temp (temperature).
Alternatively, select User defined from the drop-down list and manually
enter these values.
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The Object temp (temperature) can be manually input. A imﬁk
on the button to read it from a connected monitor. See "Emnwvi

Monitor] on page
Scale factor

Once the expansion coefficient and temperature difference are known, the
Preview button may be clicked to see what scale factor is generated.

9.4 Rotation

Rotation command (Coor dsys menu) Alt,C,R
"New coordinate system by rotation”

This command creates a new coordinate system by rotating the axes of an
existing system into a new position. The rotation can only be done about
one of the axes. Right or left-handed axes can be used for specifying
rotations.

Notes
Once defined, the new system becomes the active system.

A rotation about the x axisin aleft handed system has the opposite
effect on the z and y axes to the same rotation about x in aright handed

system.

Shortcuts
Palette 1: =
Keys: none
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9.4.1 Rotation dialogue box

Rotation
Beginning Coord. System 1D IE.&SE Ok, I
Cancel |
Coordinate Spztem |D: ||
Description: 2elect ID... |
Set new Coordinate System as Curent & Help |
Fotate sbout
Rotation Angle: (OIS
0.000000  [deg] Oy
[ =

Fotate About a Point: I

Beginning Coord. System ID

Thisisthe coordinate system to which the rotation will be applied. By
default, the active system appears in the box. Select ID is used to choose a
different initial system or to manually enter the name of an existing system

Coordinate System ID

Thisisthe ID of the new system. Manually enter anew name or an
existing name. An existing name can also be chosen with Select ID. An
existing system will be overwritten with the new definition

Description
Optionally enter descriptive text for the new coordinate system.

Set new coordinate system as current

If selected, the new coordinate system will become the currently active
coordinate system.

Rotation Angle

Enter the amount of rotation into this box. The positive direction of
rotation follows the right hand rule for rotations. This rule applies to both
right and left handed coordinate systems.

See diagramsfor X, Y, Z rotations below.

Cdm.doc 31/1/00 91



CDM SOFTWARE REFERENCE Axyz Ver. 1.4

Rotate About
Choose one of the axial directions around which the rotation is applied.

X, Y, Z
Rotate about the X, Y or Z axis (example names used here)

Rotation about a Point

By default, rotations take place about lines through the origin, i.e. the
coordinates of apoint at the origin do not change in the new system. Any
other existing point can be selected as the point of rotation and its
coordinates will not then change in the new system. However in this case a
point at the old system origin will acquire different coordinates in the new
system and a different point will then become the origin of the new system.

Diagram: X rotation

Positive rotation of axes about X

+Z

+Z7 +Z
+Z'
+Y'
+Y +X
+Y
+Y'
+X
Right handed systems Left handed systems

Right handed system: + X rotation moves +Y axis towards +Z axis
L eft handed system: + X rotation moves +Z axistowards +Y axis
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Diagram: Y rotation

Positive rotation of axes about Y

+Z
+Z' +Z
+7'
+Y X
+Y
+X
+X
+X'
Right handed systems Left handed systems

Right handed system: +Y rotation moves + Z axis towards + X axis
L eft handed system: +Y rotation moves + X axistowards + Z axis

Diagram: Z rotation

Positive rotation of axes about Z
+Z
+Y
+Y'

+X' +X'
+X

Right handed systems Left handed systems

Right handed system: + Z rotation moves + X axistowards+ Y axis
L eft handed system: + Z rotation moves + Y axistowards + X axis
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9.5 Translation

Translation command (Coor dsys menu) Alt,C,T
"New coordinate system by translation”

This command creates a new coordinate system by applying linear
trandlations (shifts) to the existing axes. The shift is defined in 3 ways:
» Make a specific point the new origin

 Directly specify the amount of shift

» Give specific coordinates to a specific point

Right handed rectangular (RHR) axes are used for specifying shifts.

Note
Once defined, the new system becomes the active system.

Shortcuts
Palette 1: =
Keys: none

9.5.1 Translation dialogue box

Translation E3 |
Beaginning Coord. System 10: IFH.&ME OE. I
Cancel |
Coardinate System 1D: I
Description; Select 1D.. |
Set new Coordinates System as Curent ¥ Help |

— Tranzlation Method
" Point becomes Origin of Mew Coordinate S pstem
™ Move Beginning System according given Translation Componstts

% Point to get specified Coordinate values in Mew Coordinate System

Baint:  [paintd Query |
% [ il
. [
Z |— [rnrn]

Beginning Coord. System ID

This s the coordinate system to which the shift will be applied. By default,
the active system appearsin the box. Use Select ID to choose a different
initial system or manually enter the name of an existing system
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Coordinate System ID

Thisisthe ID of the new system. Manually enter a new name or an
existing name. An existing name can also be chosen with Select ID. An
existing system will be overwritten with the new definition

Description
Optionally enter descriptive text for the new coordinate system.

Set new coordinate system as current

If selected, the new coordinate system will become the currently active
coordinate system.

Translate to

Point becomes origin of new coor dinate system

To shift the origin to a specific point, manually enter an existing point
name or use Select 1D to choose a name.

Move beginning system accor ding to given translation components
Manually specify shifts along the X,Y and Z axes.

Point to get specified coordinate valuesin new coor dinate system
Name a specific point and define the X, Y, Z coordinates it should havein
the new coordinate system.

Examples:
Assume point P29 is currently at X=43.2, Y=29.0, Z=14.1

Shift axes Make P29theorigin  Give P29 new values
X shift:  10.0 new P29 X: 0.0 new P29 X:  10.0

Y shift: 8.2 newP29Y: 0.0 newP29Y: 10.0
Zshift: 0.0 newP29Z: 0.0 newP292: -10
Shifts axes by the Shiftsall coordinatesto Shifts P29 to the above
specified amounts. make P29 the origin.  location.

All X reduced by 10.0 All X reduced by 43.2 All X reduced by 33.2
All'Y reduced by 8.2 AllY reduced by 29.0 AIll'Y reduced by 19.0
All Zreducedby 0.0 All Zreducedby 14.1 All Z reduced by 15.1
See also the following 2D diagrams.
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Diagram: Shift axes
v

| ez

SX ‘ X'
sy

> X

a) Shift axes by sx and sy

Diagram: Shift origin to named point

b) Shift origin to hole centre

Diagram: Assign coordinates to named point

X'
X
c) Shift axes to place hole centre at (20,10)

x'=20

Query button

This button becomes available if specific coordinates need to be assigned
to a specific point.

The point nameis typed and Query is clicked to extract the current
coordinate values from the database. An error message appearsif the point
does not exist. Alternatively, right click in the Point entry box and select a
point directly from the database using Select I D. Since selection is directly
from the database in this case, only an existing point can be chosen and its
existing coordinate values are automatically displayed.

Cdm.doc 31/1/00



Axyz Ver. 1.4 CDM SOFTWARE REFERENCE

9.6 Axis Alignment

Axis Alignment command (Coor dsys menu) Alt,C X
"New coordinate system by axis alignment”

This command creates a new object coordinate system by aligning the new
axes to directions and planes defined by object points or measured vectors.
The new axes and planes defined by them do not need to be exactly
aligned to the defining points, which may optionally be offset from them.

The process of alignment does not involve calculation of a scale factor but
ascale factor is one of the parameters that define a coordinate system. The
default Axyz installation therefore takes the scale factor from the active
coordinate system as the scale factor in the new coordinate system. This
default can be modified.

Shortcuts
Palette 1: E0
Keys. none

9.6.1 Modifying the scale factor

The active coordinate system may apply a scale factor that is unwanted in
the new coordinate system. When a new system is created by alignment it
IS convenient to have a scale factor of 1.

The simplest technique is to switch the active coordinate system to one that
has the desired scale factor, then do the alignment. The Base coordinate
system has the property that the scale factor is 1. Alternatively, dummy
coordinate systems with the various scale factors can be created and
required one selected from these.

Advanced users have two further options that are documented in the
installation "readme” files.
1. Make the default scale factor = 1
2. Expose another input in the alignment dialogue box allows scale from
the active CS, or set scale = 1 to be chosen.

These changes require modifications to INI files.

Cdm.doc 31/1/00 97



CDM SOFTWARE REFERENCE Axyz Ver. 1.4

9.6.2 Axis alignment dialogue box

Axis Alignment E3
Solve I
Coordinate System 10 INEW Sebagdotive ¥
LCloge |
Comment; I
Bt |
— Controlling Point ——
Paint 1D Lt'"l
Colari/Poirt] fosets...l Faramelers.. |
Controling Point Coordinates Help |
e 0,000
el — Plane through Axiz 1
Y 0.000 ) [rarn]  Paint A Wector D for Asis 2:
= n.oon - I [ffeets, |
iz 1 Az 2 indicates
Paint / Yectar |0 {0 +% )
CalanidPaint2 Offsets... | o 4y L
iz o Aligh 4z C -z
* 4 %
ey oy [ Make Axis 1 horizontal
[ -z Angle fram Level: [deq]

Coordinate System ID

Thisisthe ID of the new system. Manually enter a new name or an
existing name. An existing name can also be chosen with Select ID. An
existing system will be overwritten with the new definition

Description
Optionally enter descriptive text for the new coordinate system.

Set as current

If selected, the new coordinate system will become the currently active
coordinate system.

(Scale from current CS)

This input option only appears if the installation has an appropriately
configured INI file. See the installation "readme" files for full information.
Select this option if the new coordinate system should adopt the scale
factor used by the currently active coordinate system.

Otherwise the factor = 1.
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Controlling Point ID
Manually enter the name of an existing point or choose one with Select ID.

Controlling Point Coordinates

Enter the coordinates of the controlling point in the new coordinate system.
Default zero values are aready provided if the controlling point should be
the new origin.

Controlling point — offsets button

If the measured point is offset from the ideal controlling point, click this
button to access a dialogue box where offsets of the named point from the
ideal controlling point can be entered.

Offset values are entered in the new coordinate system.

Point / Vector ID

Define the direction of the first axis here using an axis point or a vector.
Manually enter the name of an existing point or vector or choose with
Select ID.

Axis to align

Select the label of the first axis. Thisis directed from the controlling point
to the axis point or is directed along the selected axis vector.

Axis 1 — offsets button

If the point defining the axial direction is offset, click this button to access
a dialogue box where offsets can be entered.

Two offset values are entered in the new coordinate system. These
correspond to the two coordinate axes which are not defined by this point.

Point / Vector ID for Axis 2
Use this option for free alignment of axes.

Define a second axis to create a plane with the first axis. The second axisis
defined in one of two ways:

Cdm.doc 31/1/00 99



CDM SOFTWARE REFERENCE Axyz Ver. 1.4

100

1. By specifying an existing point to create an axis from the controlling
point to the specified point.

2. By specifying a vector which provides the direction for an axis through
the controlling point.

Point defining axis 2 — offsets button

If axis 2 isin aplane defined by a point (free aignment of axes), and the
point is offset from the plane, click this button to access a dialogue box
where the offset can be entered.

The offset value can be entered in the new coordinate system. It
corresponds to the axis perpendicular to the defining plane.

Vertical plane for Axis 2
Use this option to align axes to gravity.

This creates avertical plane through the Axis 1. Axis 2 isthen placed in
this plane, perpendicular to Axis 1 and sloping upwards.

Axis 2 indicates
Select the label of the axis defined by Axis 2.

The label specified for Axis 1 will not be available as a choice here.
Make Axis 1 horizontal

This option isonly available if the plane through Axis 1 has been defined
asvertical.

This option will make Axis 1 exactly horizontal and Axis 2 exactly
vertical. Axis 1 and Axis 3 will then form a horizontal plane.

Angle from level

If the option to make Axis 1 horizontal has been requested, the corrective
tilt necessary to create an exactly levelled systemis shown here.

Solve button

Once the aignment is defined, click on this button to compute the
transformation parameters.
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Parameters button

When atransformation has been computed, click on this button to see the
parameters. The standard dialogue box for presenting the parameters of
coordinate systems and shapes is used. See " Parameters dialogue box" jon

page 157. ]

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see "On-line output” on page 39]

9.6.3 Diagram: Free orientation

Stn. 2

Stn. 1

Axis alignment: free orientation

9.6.4 How to align axes with free orientation

The example shows a base coordinate system xyz established at station 1
and which is not levelled. A second station 2 is shown which is levelled,
I.e. its primary axis of rotation is parallel to the direction of gravity with
the upwards direction shown by the double headed arrow. This merely
I[lustrates a mixture of possibilities. It isirrelevant to the free orientation
technique if there are one or more stations and if any, al or none are
levelled.
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New axes are defined in the object by first selecting a controlling point c.
This point acts like an origin but it does not need to have coordinates
(0,0,0) in the new system and can take any offset value such as (100, 100,
50).

A second axis point ais selected so that the line c-aindicates the direction
of thefirst new axis. Thisislabelled u and shown positive fromcto ain
the example.

Finally athird offset point o is selected which creates a plane c-a-0, shown
shaded in the example. The purpose of the plane isto define the second
axis labelled v in the diagram. Thisliesin the plane and is perpendicular to
the first axis. In the example it is shown positive towards point o.

The third axis labelled w in the example can then be automatically
calculated. It is made perpendicular to the plane and creates a right-handed
system with the other two.

See also "Fifee orientation alignment using offset points']on page

9.6.5 Diagram: Free orientation using offset points
w

9.6.6 Free orientation alignment using offset points

102

It may not be convenient in practice to measure points which lie exactly on
the new axes or planes. Instead, nearby points with known offsetsin the
new coordinate system can be used.

The example shows how the controlling point ¢ may be substituted by
point ¢', with 3 axial offsets along u, v and w. Point amay be substituted
by point a with two offsets (along v and w in the example). Point o0 may be
substituted by point o' with a single offset (along w in the example).
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9.6.7 Diagram: Alignment to gravity

a) Axis alignment: Partially oriented to gravity b) Axis alignment: Fully oriented to gravity

9.6.8 Definition: Alignment to gravity

Partial alignment to gravity ensures that the new first and second axeslie
in avertical plane (v,u in diagram).

Full alignment to gravity ensures that:

» The new first and third axes define a horizontal plane (v',w in diagram)

» The new second axis (U’ in diagram) is parallel to the direction of gravity
(positive UP or DOWN).

9.6.9 How to align axes to gravity

In example (a) a base coordinate system xyz has been established using
levelled instruments. The base z axisis therefore parallel to the direction of
gravity and positive up.

Again acontrolling point c is selected to act as an origin for the new axes
In the object.
The axis point a again defines the direction of the first axis labelled v

along theline c-a

A vertical planeisthen set through ¢ and a. This plane defines the second
axis labelled u which liesin the vertical plane and is perpendicular to the
first axis. In the exampleit is positive in an upward direction.
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The third axis labelled w in the example can then be automatically
calculated. It is made perpendicular to the vertical plane and creates a
right-handed system with the other two axes.

In example (b) the above procedure is taken one stage further. When
aligning axesto gravity, it isvery likely that the existing coordinates are
very nearly levelled and the new axes should show this. When axes are
fully aligned to gravity it istherefore assumed that the line c-ais
approximately horizontal and the new second axis u' isintended to be
vertical. This also means that the plane defined by the first and third axes,
v' and w, is aso approximately horizontal.

However since the line c-amay not be exactly horizontal a correction must
be made to the directions of the new axesin order to level the new system
exactly. By rotating the system about the third axis w, the plane containing
the v' and w axes can be set exactly horizontal.

Note.
When axes are fully aligned to gravity, the first axis v' no longer passes
through the axis point a.

See also "Alignment to gravity using offset points” Jon page 1p5]

9.6.10 Diagram: Alignment to gravity using offset points
Partial alignment
\ to gravity

Full alignment
A to gravity
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9.6.11 Alignment to gravity using offset points

Asin alignment by free orientation, it may not be convenient in practice to
measure points which lie exactly on the new axes or planes. Instead,

nearby points with known offsetsin the new coordinate system can be
used.

The example for partial alignment shows how the controlling point ¢ may
be substituted by point ¢', with 3 axial offsetsalong u, v and w.

Point amay be substituted by point a with two offsets (along v and w in
the example).

If the systemif fully aligned to gravity, then point & can only have one
offset (along w in the example).

9.7 Transformation

Transformation command (Coor dsys menu) Alt,C,N
"Create a new coordinate system by best fit transformation”

This command creates a new object coordinate system by transforming the
existing measured coordinates onto a set of reference coordinates using a
best fitting combination of shift, rotation, translation and, optionally, scale
change. In thisway existing and future measurements can be directly
placed in areference system corresponding to design (blueprint)
coordinates.

It is not possible to use reference points stored in more than one workpiece
or object points stored in more than one workpiece. Reference and object
IDs need not be identical but must be similar. This enables matching of
corresponding points.

ECDS note

This command provides an equivalent function to the ECDS"Local to
object" transformation.

Shortcuts
Palette 1: 24
Keys. none
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9.7.1 Method in brief

» Select the reference points to be used in calculating the transformation

* Modify the point names to enable matching points to be automatically
found in the object data

 |f at least 3 matches are found the residuals of the fit are displayed.

9.7.2 Transformation: main dialogue box

Best-Fit Transformation [ x|
Coord. Syetern [D: I Solve | !
Selected Beference Foints: Include Scale [ Close |

;I SelectlDn,. |

[ Append ta Selection
Kl _>IJ o]

—Alpha Offzet

Remove Prefis from R eference: I

Add Prefix to Reference: I

Add ta Paint Mumber: I v lgnore miszing Matches

Coord. System ID

Thisisthe ID of the new system. Manually enter a new name or an
existing name. An existing name can also be chosen with Select ID. An
existing system will be overwritten with the new definition

Include Scale

This option is selected if the transformation is to do one of the following:
» Adjust scaleto help optimise the fit
» Fix the scale change at a specific value.

If not selected, the measured datais not re-scaled (scale factor = 1.0)
Note.

When this option is not selected, the calculation may fail if thereisa
large scale difference between the measured and reference data.
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Selected Reference Points

If not pre-selected, click in this box and use Select ID or equivalent to
choose the reference points to be used. It may be necessary to first import
them using the Import data button.

Append to selection

If this option is selected points can be added to the currently selected list.
Click in thelist of selected reference points and use Select 1D or
equivalent to choose additional points. No error occurs if points are added
which are already on the list.

If this option is not selected any new selection of points will replace the
existing selection.

Alpha Offset example
First point on list of reference points:. DRW-0L/WING/PT-23

Remove this prefix: DRW-0L/WING/

Result: PT-23

Add a new prefix: LOAD-TEST4/CHK-
Result: LOAD-TEST4/CHK-PT-23
Add this value to the numerical suffix: 7

Result: LOAD-TEST4/CHK-PT-30
The full results are asfollows:

Selected Reference points Sear ch object pointsfor:
DRW-01/WING/PT-23 LOAD-TEST4/CHK-PT-30
DRW-01/WING/PT-24 LOAD-TEST4/CHK-PT-31
DRW-01/WING/PT-25 LOAD-TEST4/CHK-PT-32
DRW-01/WING/PT-26 LOAD-TEST4/CHK-PT-33

Alpha Offset

In order to calculate a best-fit transformation, object points must be
matched up with reference points. The matching isdonevialDs. It is hot
necessary for corresponding reference and object point IDs to be identical
but it must be possible to modify one by a standard procedure in order to
create the other. Thisis done with the alpha offset.
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Remove prefix from reference
Enter the a-numerical prefix to be removed from the front part of the
reference |Ds.

Add prefix toreference
Enter an a-numerical prefix to form the front part of the reference IDs.

Add to point number
Enter a positive integer value to be added to any numerical component at
the end of the reference IDs.

| gnor e missing matches

Select this option to avoid error messages if any of the selected reference
points do not have a corresponding object point. The missing matches will
simply be ignored. However there must still be a minimum of 3 matches
for the function to work.

Solve button

Click this button to calculate the transformation parameters and present the
transformation results.

Options button

Click this button to access a dialogue box for specifying transformation
options which can fix some of the transformation parameters.
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9.7.3 Dialogue box: Transformation Options

Transformation parameters can be defined here. Their implementation is
J™ vans more fully described in "Mathematics for Users’.
for User

Transformation Options

— Fized Ongin Coordinates

= I 10000 [mm]
' I 10000 [mm]
Help
z I 10,000 [rmm]
— Fired Rotation Anagles
b3 I [deq]
v I— [dea] ™ Uniform
z I [deq]

Cancel

il

Fined Scale: I

Origin, rotation angles and scale can be fixed in a transformation but
within any of these groups either all the values must be fixed or none must
be fixed. If thisis not done, the following warning will be given:

Internally very small or very large standard deviations are used to fix the
parameters.

Axyz |

& Parameter group not complete |

Fixed origin coordinates

To locate the origin near a particular point, input the corresponding
coordinates with respect to the currently active system.

Fixed rotation angles

To position the local axesin acertain direction, input the corresponding
axial rotation angles with respect to the currently active system.
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Scale

If the option Include scaleis selected in the main dialogue box, this option
becomes available and it is possible to fix the scale at a particular value.

If no valueis specified the scale will adjust to an optimal value.
If the option is not available then scale is not adjusted and it is effectively
fixed at 1.

When specifying a scale change, thisis a multiplying factor from the
currently active system to the new coordinate system. For example, if al
point separations in the new system are twice as large as in the current
system, the scale factor is 2.

Note

The parameter stored as the new system's scale factor is the net scale
factor which may not be the value set here. For example, if the starting
system has a scale factor of 0.5 and afactor of 3 wasinput here, the new
system has a net scale factor of 1.5, i.e. (0.5) x (3) = (1.5).

Weighting

Points used in the transformation can be given aweight by one of the
following methods:

Std. dev.(Standard deviation)

The weight assigned to each fitted point will depend on the standard
deviation (o) recorded with it. The weight is calculated as (1/0)2 The
Variance Factor (Mean Error) is used as the quality figure for the best-fit
result.

Uniform

Each point is given the same weight = 1.0. Many external programs
assume equal weight and this option enables a comparison to be made. The
RMS value of theresidualsis used as the quality figure for the best-fit
result.

Note

In the Settings menu/ Gener al option one of these weighting methods
can be globally set which isthen used as the default option on entry to
this dialogue box. Altering the setting here does not affect the global
setting.
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9.7.4 Sample results for transformation

Coordsys Tranzformation Solution
Coordsys |D: | BESTFIT
Cloze |
Dezcriptar: I
Set new Coordinate System as Current [ <¢ Back |
Select D
RMS Emor 0,637 [mm] LI
Parameters... |
Point Deviations | dx | dv’ | dz | Total | -
FRAME /pointd 0no3 -0.000 0,369 369 [Zririt |
FRAME /point2 0220 -0.000 -0.492 0533
FRAME /point3 0223 -0.000 0.861 0.aa9 Report |
Help |

9.7.5 Transformation results

When the transformation has been defined, use this button to calculate and
present the results.

Coordsys ID

If an ID for the new coordinate system was specified in the initial dialogue
box, it will be displayed here. If thereis not yet an ID for this shapeitis
required to be saved, an ID istyped in or Select ID is used to choose an
existing shape whose values are to be overwritten.

Descriptor
Type an optional description for this coordinate system.

Set new coordinate system as current

Select this option if the new coordinate system is to become the currently
active system. Otherwise the currently active system remains the same.

RMS error or Mean Error
If uniform weighting has been chosen, the results show the RM S Error.

Thisisthe RMS value of the total point deviations.
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If weighting by standard deviation has been chosen, the results show the
Mean Error. Thisisthe Variance Factor of the least squares solution.

The weighting scheme is a general setting. See "General" Jon page 4F]
Point deviations

This shows the individual coordinate residuals between the transformed
points and their reference values in the currently active coordinate system.
The column labelled "Total" shows these residuals as the length of the
vector offset.

Save button

Pressing this button will save the relevant parameters provided a name has
been provided for the coordinate system ID.

Exit button

When this button is pressed the transformation routine exits back to the
main program.

Back button

Press this button to return to the main dialogue box for this transformation
using other options or selections of points.

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see "Op-Tine output™ pn page 3]

Report button

Starts the report generator to create presentation quality results. For further
information, see "Axyz DM - Data Manager: Software Reference
Manual".

Parameters button

When a transformation has been computed, click on this button to see the
parameters. The standard dialogue box for presenting the parameters of
coordinate systems and shapes is used. See " Parameters dialogue box" [on

page 167. ]

Cdm.doc 31/1/00



Axyz Ver. 1.4 CDM SOFTWARE REFERENCE

10. Analyse menu

10.1 General operational features

Most functions in the Analyse menu perform geometrical calculations
using 3D points. Some functions also make use of measurements, i.e.
instrument data.

The analysis functions can be accessed via the palettes of the Analysis
Toolbar. For an overview see "Mm page 1

10.1.1 Auto calculation with pre-selection

It is possible to use the analysis functions by first selecting the elements to
be processed using the DM and then choosing the required function from
the "Analyse" menu or palette. The calculation may then be carried out
immediately, rather than by explicitly clicking on the "Solve" button. In
most cases this can be done by setting Axyz to operate with "Auto
calculation on dialogue popup”. See "General™ dn page 47.]However this
may lead to error messages or an unexpected response for a number of
reasons.

The analysis functions require input data that correspond to the selected
function. If an incorrect choice of elements has been made the calculation
will still be attempted. For example, if points on aline are selected and a
circlefit is attempted, an error will be produced.

In addition, many functions have a range of options and "Auto calculation"
will make use of the default values which, in most cases, cannot be
changed. If these are not the required options they will have to be re-set
manually and the cal culation repeated. In some cases the options may
prevent auto calculation, even when set.

Example 1.

Pre-select two points.
Choose the "arc distance" function.

Result: No automatic calculation, as the default value of radiusis zero and
apositive value must be provided before aresult can be calculated.
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Example 2.
Pre-select two points. Choose the "angle" function.

Result: Error message "Failed to read data from database". Since two
elements were chosen which are not vectors, the function assumes an
"axis/axis" calculation which fails because points do not have axes
associated with them.

If 4 points are pre-selected, the first and last pair in the sort order will be
used to create vectors, which will then be correctly processed. Otherwise
two elements that are vectors or shapes with axes should be pre-sel ected.

Example 3.

Pre-select alist of pointslying on astraight line. Choose the "circle"
function.

Result: Error message "Divergent solution”. In most cases only one shape
will correctly fit to a set of points. If this error occurs, remember to check
that the right points have been selected.

Example 4.
Pre-select two planes. Choose the "intersect” function.

Result: Error message "Tolerance exceeded”. The default intersection is
"axis/axis' when what was required was " surface/surface”. In the example
the axes are far apart and their separation exceeds the set tolerance, hence
the error message. If the message is cleared from the screen and the

"surface/surface" option is chosen, the expected result will be obtained.

Example 5.
Pre-select a plane and a sphere. Choose the "intersect” function.

Result: OK. The result obtained was the "axis/axis" intersection and the
axes happen to intersect to produce a point. If the calculation is repeated
using "surface/surface" an error message "Invalid shape type entered"
results. Unfortunately in the sort order the sphere's ID is before the plane's
ID so element 1 in the function is the sphere when it should be the plane.
Interchanging the elements will provide a successful solution.
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10.1.2 Combined Solve/Save buttons

In anumber of functions a calculation is computed using the Solve button.
If thisis successful the button label changes to Save and this allows the
results to be saved. Here an ID for the resulting element or elements must
also be supplied.

The functions that operate in thisway are:
* Intersect

» Perpendicular

» Pardle

* Bisect

» Divideline

Using "Intersection” as an example, the technique operates visually as
follows:

Before calculation of solution:

Intersection

Element 1: |PL-201| Salve

Elernent 2: ISF‘-421 SPHERE Close

After calculation of solution:

Intersection

Elerment 1: |F'L-2IZI1 PLAME Save

oI,

Elernent 2: ISF‘-421 SPHERE Close

10.2 Compare Points

Compar e points command (Analyse menu) Alt,AM
"Compare two sets of points"

The purpose of thisfunction isto compare sets of object and reference
points. Thisisasimple comparison of coordinates and does not involve
any transformation.

Note

This function only applies to groups of individually named points, not to
coordinate sets.
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Comparison is essentially the off-line equivalent of on-line point
inspection. On line the inspection is done point by point, comparing an
object point with its reference values. Here awhole group of pointsis
inspected. However the function is more flexible than on-line inspection in
that the following types of comparison are possible:

» Object points with reference points

* Object points with object points

» Reference points with reference points

To make object/reference comparisons, the reference coordinate system
must be known with respect to the object points. Reference comparison
points can then be transformed into the base coordinate system, where the
object points are also stored, and results presented in any other coordinate
system which has been created. To create a reference coordinate system the
Axis Alignment or Transformation techniques are used as explained in

"Coordsys menu” pn page 81

It is not possible to use reference points stored in more than one workpiece
or object points stored in more than one workpiece.

Shortcuts
Palette 2: @
Keys: CTRL+M

10.2.1 Method in brief

» The set of points with which a second set are to be compared are first
selected. If object points are compared with reference points, the
reference points should be chosen first.

* Modify the IDs of the selected points to enable the function to
automatically find matching pointsin the object or reference data.

* |f matches are found, differences are displayed as:

(Points found by Axyz) - (Points selected by user)
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10.2.2 Dialogue box for Compare points

Compare Points

Selected Paoints:

Fef1/Caolani/Point1

Fef1/Colani/Point2
Fef1/Colani/Paint3
Fief1/Colani/Paintd
Delete i
Help ;

kX .ﬂ‘! " Append

Reference Coord, Syztemn:

[ Alpha Offset

' Femove Frefix; ;HEH.-"

| Add Pref [
Add to Point Mumber: ;...._........._.., V| Ignare mizzsing

Matches

™ Display out of Tolerance Paints Only

I Tolerance Yalues from Feference Data

Selected points

If not pre-selected, click in thisbox and use Select ID or equivalent to
choose the reference or object points with which other reference or object
points will be compared. It may be necessary to first import reference data
using the Import data button.

Note

When comparing reference points with object points, the reference
points must be selected and a search made for the object points. Object
points cannot be selected and a search made for reference points. Thisis
to avoid confusion due to the change of sign in the displayed differences
that would occur if the same sets of points were used in both of these

cases.

Append

If this option is selected points can be added to the currently selected list.
Click inthelist of selected reference points and use Select ID or
equivalent to choose additional points. No error occurs if points are added
that are already on the list.
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If this option is not selected any new selection of pointswill replace the
existing selection.

Reference coord. system
From the drop-down list, choose the coordinate system in which the

reference points are defined.

Alpha Offset example

First point on list selected by user: DRW-02/TAIL/PT-23
Remove this prefix: DRW-02/TAIL/

Result: PT-23

Add anew prefix: LOAD-TEST4/CHK-
Result: LOAD-TEST4/CHK-PT-23
Add this value to the numerical suffix: 7

Result: LOAD-TEST4/CHK-PT-30

Thefull results are as follows:

Selected points Sear ch object pointsfor:

DRW-02/TAIL/PT-23 LOAD-TEST4/CHK-PT-30
DRW-02/TAIL/PT-24 LOAD-TEST4/CHK-PT-31
DRW-02/TAIL/PT-25 LOAD-TEST4/CHK-PT-32
DRW-02/TAIL/PT-26 LOAD-TEST4/CHK-PT-33

In the exampl e the modified names have an object point format, hence
Axyz only searchesin the object area. However they could also have a
reference point format, in which case Axyz would search the reference
areafor matching points.

Alpha Offset

In order to calculate coordinate differences, matching points must be
found. The matching is done vialDs. It is not necessary for corresponding
IDs to be identical but it must be possible to modify one set by a standard
procedure in order to create the other. Thisis done with the apha offset.

Remove prefix from reference

Enter the a-numerical prefix to be removed from the front part of the
reference IDs.
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Add prefix toreference

Enter an a-numerical prefix to be added to the front part of the reference
IDs.

Add to point number
Enter a positive integer value to be added to any numerical component at
the end of the reference IDs.

I gnore missing matches

Select this option to avoid error messages if any of the selected points do
not have a corresponding matching point. The missing matches will simply
be ignored.

Display out of Tolerance Points Only

This option will cause the display of only those points with coordinate
differences exceeding the tolerances.

In reference data, tolerances can be defined for each point individually.

A single set of tolerances can aso be defined for all points using the global
settings. See "AnalysisWarnings™ pn page 3§

When comparing object points with object points, the globally defined
settings are always used, since object points do not have tolerances
associated with them.

Tolerance Values from Reference Data

This option takes tolerance values defined in the reference data. The
tolerances are the 3 values following the coordinate values.

If comparing reference points with reference points, the tolerance values
are taken from the set specified by the user, not the corresponding points
found by the function.

If this option is not selected, the tolerances defined in the global settings
are used. See "ApalySisWarningsjon page 36 ]

Solve button
Click this button to see the results of the comparison.
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10.2.3 Sample results for comparison

Compare Points Results [Actual - Selected]

Puoint Deviations | o | dv’ | dz | Total | E zit
FROMT/P1 37304 573915 1864990 1951655
FROMT/F2 B72B6  -599.114 1865419 1960.104
FRONT/F3 30867 -57E.BB0 914595 1083.808 << Back
FROMT /P4 -G0E1E  59R161 913958 1093433 .
FROMT /PG 37966 -57E.4E0 36589 57T.ETO0 Eint

Report

Help

Uil

10.2.4 Comparison results

120

When the comparison has been defined, use the Solve button to calculate
and present the results.

Point deviations
This shows the differences defined as:

(Points found by Axyz) - (Points selected by user)

The differences are shown on each axis and the "Total" column givesthe
vector length between corresponding points.

Depending on configuration, the list shows either al points or only those
where tolerances are exceeded.

If configured to show out-of-tolerance points, one of two warning
messages may appear.

& Tolerance excesded |

If there are no points out of tolerance, the results box does not appear.
Otherwise the box lists only the out-of-tolerance points.
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Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see "Of-Tine output™ on page 39|

Report button

Starts the report generator to create presentation quality results. For further
information, see "Axyz DM - Data Manager Software Reference Manual".

Back button

Use this button to return to the main dialogue box and re-define the points
to be compared.

10.3 Two Point

Two Point command (Analyse menu) Alt,A\W
"Performs atwo point analysis'

The two point analysis provides full information on the vector between
two points with respect to the currently active coordinate system.
Information includes:

» Vector length

» Components along reference axes

* Projection onto reference planes

Note

Two point analysisisonly availableif the active coordinate systemis

rectangular, i.e. either right-handed Rectangular (RHR) or left-handed
Rectangular (LHR). If any other coordinate typeis active the option is
greyed out.

Shortcuts

Palette 2:
Keys: CTRL+Q
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10.3.1 Two point dialogue box

122

The dialogue box is used for input and presentation of results.

Two Point Analyzis

(ST R D EFALILT POIMT
Paint 2 [DEFAULT /point? POINT _ Oos |
—ector Companents Distance Erirt |
= 814.2473  [mm] 1150.3438 Celect (D). |
T A2 5836 [mm) [rirn]
Hel
z 00039 [mm] $I
— Plane
Frojection onto: Angle fram:

= 11503438 [rm] 0° 0 1" [deq]
-2 8125836 [mm] 45" 33N [deq]
£ - 814.2473  [rm] 447 56" 29" [deq]
—#angle in Plane

- fram ¥ 1347 BE' 23" [deq]
-2 fram £ 2707 00 1" [deq]
£ -7 fram @ 0" 0" 1" [deqg]

Point 1, Point 2

Enter existing point names directly into the corresponding boxes or click in
each box and use Select | D to choose the points.

After selection of the two points, click the Solve button to display results
in the dialogue box as follows:

Solve button

If auto-calculation is not active, click the Solve button to display resultsin
thefields: Vector components, Distance, Plane, Anglein plane.

Print button

The Print button is activated by the option "Print on request" and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see "Op-line output” pn page 30]

Vector components
Length components along each axis of the vector between the points.
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Distance
Spatial distance between the points.

Plane

Proj ection onto:
Shows the projected length of the vector onto the corresponding plane.

Angle from:
Shows the angle the vector makes with the surface of the corresponding
plane. Angle range is £90°.

Anglein plane

Shows the angle made by the projected line in the corresponding plane, as
measured from the corresponding axis.

For example:

X-Y fromY meansthe angle of the projected linein the XY plane as
measured from the Y axis. Anglerangeis0° - 360°.

10.4 Angle

Angle command (Analyse menu) Alt,AA
"Angle between two elements"

This function computes the angle between pairs of vectors which can be
defined in 3 ways.

» By specifying 2 points

» By selecting a shape axis or coordinate system axis (z axis implied)

» By selecting avector

Shortcuts
Palette 2: <
Keys: CTRL+A
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10.4.1 Angle dialogue box

124

The dialogue box is used for input and presentation of results.
An angleis calculated from one vector to a second vector.

angles [
— From — From Element[s)———— Eole I
i i .
Two Faints | | 4: [aliGN-01 Close |
& Shape Axis .,
& Weckor - I it |
~To—————— ToElementfs]————  SelectID... |
' Two Points | | 5. [DEFAULT fpoint o |
= Shape Axis : Lol
© Yectar 4 Idefaultfpmnﬂ 4
Angle Between: 17 46' 53" [deg]
Supplementany fngle: 148°13 7' [deq]
Angle to Full Circle: 328713 7' [deqg]
From
Two Points
Define avector by 2 points.
Shape Axis

Define avector using the z axis of a shape or coordinate system.

Vector
Define a vector by selecting a vector element.

From Element (s) 1, 2

Depending on the method chosen for defining a vector, enter 1 or 2 names
of the corresponding element type or use Select | D to choose the names
from the database.

To

Two Points

Define a vector by 2 points.

Shape Axis

Define avector using the z axis of a shape or coordinate system.
Vector

Define a vector by selecting a vector element.
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To Element (s) 1, 2

Depending on the method chosen for defining a vector, enter 1 or 2 names
of the corresponding element type or use Select | D to choose the names
from the database.

Solve button

If auto-calculation is not active, click the Solve button to display resultsin
the fields Angle between, Supplementary Angle, Angleto full circle.

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see "Oh-line output™ Jon page 39|

Angle Between
Angle between vectorsin range 0° - 180°.

Supplementary Angle
Thisisthe angle between the vectors subtracted from 180°.

Angle to full Circle
Thisisthe angle between the vectors subtracted from 360°.

10.5 Distance

/ \ Maths
for Users

Distance command (Analyse menu) Alt,A,D
"Distance between two elements’

This function computes the distance between pairs of elements. In addition
to combinations taken from points (including shape origins), lines (axes)
and planes it is also possible to compute distances from points to a number
of shape surfaces.

The combinations:

* line (axis) and plane

» planeand plane

require the corresponding elements to be parallel within the tolerance
defined in the general settings.
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Shortcuts
Palette 2: -
Keys: CTRL+F

10.5.1 Distance dialogue box

126

The dialogue box is used for input and presentation of results.
This function computes a distance from one element to a second element.

T N |
~Tups Erarm: e I
& Paint - Point |DEFAULT fpaint2
- Cloze |

= Paint - Shape dsis
= Paint - Shape Surface Lo : B |
" Shape Az - Shape Axis IDEFAU LT/paint?
™ Plane - Plane Select D... |
(o ic -

Shape fyiz - Plane Help |
Digtance: 11503428 [mm]

Type

In the combination type, the first element is the element from which the
measurement is made and the second element is the e ement to which the
measurement is made.

Point - Point
Distance between 2 points.

Point - Shape Axis
Perpendicular distance between a point and a shape axis

Point - Shape Surface

Perpendicular distance between a point and a shape surface. Permitted
combinations are:

* Point - Plane

» Point - Sphere

» Point - Cylinder

» Point - Cone

» Point - Paraboloid

Shape Axis - Shape Axis
Perpendicular distance between 2 axes (lines).
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Plane - Plane
Perpendicular distance between 2 parallel planes.

To allow for asmall lack of parallelism, the distance is actually the
perpendicular distance of the origin point on the first plane from the
surface of the second.

Shape Axis- Plane
Perpendicular distance between an axis (line) and parallel plane.

To allow for asmall lack of parallelism, the distance is actually the
perpendicular distance of the origin point on the axis from the surface of
the plane.

From / To input boxes

Type the name of the corresponding type of element or use Select 1D to
choose the element from the database.

Solve button

If auto-calculation is not active, click the Solve button to display resultsin
the Distancefield.

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may pe
automatically sent. For full details, see"O h-line autput bon page 3

Distance
The calculated distance is displayed here.

10.5.2 Distance combinations

Distance: Point - Point

This calculation uses the standard formulafor the distance between two
pointsin space. If vecl=(Xq,Y1,2;), vec2=(X,,Y,,Z,) then:

dist =+(x, = %,)" +(v1 =¥2)” +(z ~2,)°
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Distance: Point - axis (line)

Line or
axis

e

-

Result
The distance is the perpendicular offset of the point from the line or axis.

The distance is always shown as positive.

Distance: Point - Plane
Z

Result

The distance is the perpendicular offset of the point from the plane.

The positive direction of the local z axisis above the plane.

The distance is positive if the point lies above the plane and negativeif it
lies below the plane.
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Distance: Point -Sphere

+ dist
Result
The distance is the perpendicular offset of the point from the surface of the
sphere.

The distance is positive if the point lies outside the sphere and negative if
it liesinside the sphere.

When a point lies inside the sphere the shortest perpendicular distanceto
the surface is calcul ated.

Distance: Point - Cylinder

C o a

Result

The distance is the perpendicular offset of the point from the surface of the
cylinder.

The distance is positive if the point lies outside the cylinder and negative if
it liesinside the cylinder.

When a point liesinside the cylinder the shortest perpendicular distance to
the surface is calcul ated.
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Distance: Point - Cone

axis
- dist
+ dist
Result
The distance is the perpendicular offset of the point from the surface of the
cone.

The distance is positive if the point lies outside the cone and negative if it
liesinside the cone.

When a point liesinside the cone the shortest perpendicular distance to the
surfaceis calculated.

Distance: Point - Paraboloid
- dist

-+dist

Result

The distance is the perpendicular offset of the point from the surface of the
paraboloid.

The distance is negative if the point lies on the same side of the paraboloid
as the focus and positive if it lies on the other side.
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Distance: Axis - Axis (line - line)
uzi

Oz

Ui

Length of
perpendicular

Result
The distance between 2 axes or lines is the length of the perpendicular line
between them. The order of entering the elements is unimportant and the

distance is always shown as positive.

Distance: Plane - Plane

<>«

Separation of parallel planes

Separation of planes which are not parallel
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Strictly speaking the separation of two planesis only meaningful when
they are parallel. Otherwise they intersect and their separation depends on
where the separation is measured.

In practice two nominally parallel planeswill be measured with a slight
angle between them and this angle must first be checked to seeif itis
within the currently set tolerance for parallelism. The angle between the
normal vectorsis the angle checked.

If this angle is within the tolerance, the separation of the planesis
calculated as the distance from the origin point O, of thefirst plane
perpendicular to the surface of the second plane. The distance is shown as
positive when the second plane is on the —Z axis side of the first plane and
negative when on the +Z axis side of the first plane.

Distance: Axis - Plane

U4

O

Line parallel to plane

Line not parallel to plane

Strictly speaking the separation of an axis (line) and planeisonly
meaningful when they are parallel. (A lineisparalel toaplaneif itisat
right angles to the normal vector to the plane.)

A check ismadeto seeif the line and plane are parallel within the
currently set tolerance for parallelism.
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If this angle is within the tolerance the separation is calculated as the
distance from the origin point on the line perpendicular to the surface of
the plane. The distance is shown as positive when the planeis on the —Z
axis side of the line and negative when the plane is on the +Z axis side of
theline.

10.6 Arc distance

Ar c distance command (Analyse menu) Alt, AT
"The arc distance between two pointson acircle arc"

This function calcul ates the distance along a circular arc connecting 2
points. The 2 points and the corresponding circle radius must be input. The
function supplies the following additional information:

» Chord length (distance between points)

» Subtended angle

Shortcuts
Palette 2: ("
Keys: CTRL+K

10.6.1 Arc distance dialogue box

The dialogue box is used for input and presentation of results.
The arc is calculated from one point to the second point.

Arc Distance

From: IDEF.-‘-‘-.LILT /point1 POIMT SaliE

To IInsakD'I LIME Cloge

Entered Fadius: 1000.0000] [rmm] Eiiit
Select 1D

Chord Length: 8125309 [mm]

ELRLE

Help
Arc Length: 8367323 [mm]

Subtended Angle: 47 56 41" [deg]

From / To input boxes

Enter the names of two existing points or use Select | D to choose them
from the database. The name of a shape can be chosen, in which case the
shape origin is used as the corresponding point.
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Entered Radius
Enter the radius of the circle which isto connect the two points.

Note
If the chosen radius is less than half the distance between the points, it is
not possible to construct a circular arc joining them.

Solve button

Click the Solve button to display resultsin the fields: Chord length, Arc
length, Subtended angle.

Print button

The Print button is activated by the option "Print on request” and is used
to send resultsto the log file or printer. If not activated, results may be
automatically sent. For full details, see "Oh-line output” bn page 3§]

Chord Length
Distance between the points.

Arc Length

Distance along the connecting arc. The shortest connecting arc is
computed.

Subtended Angle

The angle subtended by the chord at the circle centre. Since the shortest arc
Isused, thisangle is always less than 180°.

10.7 Shape fits in general

/ \ Maths

for Users

134

Axyz functions enable 7 standard shapes to be created by best fitting a set
of points that make up the shape, using the method of |east squares.

A coordinate system aligned with the principal axes and origin point of the
shape is also automatically created.

Any type of point from the object area may be used, not just measured
points. For example, a calculated point created by the intersection of two
lines can be included. If an existing shape is named in the list of pointsto
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be fitted, the shape origin istaken. If the only item in the list is an existing
shape, then all the points that make up that shape are taken.
Once created the following components can be optionally stored as
additional and separate items:

Vectors along the shape axes
» Shape origins, stored as points of type "calculated”.

This section describes the geometric features of fitting individual shapes.
Since al the shapes use standard dialogue boxes, the inputs to these boxes
are also described in detail in this section. Dialogue differences for
individual shape fits are described in separate sections for each shape.

10.7.1 Setup points

With the current mathematical algorithms the shape must first be
approximately defined before a best fit can be calculated. The shape
parameters may either be manually estimated or setup points can be used.
Setup points represent minimum information and in some cases a
simplified definition of the shape to be fitted. Much simpler algorithms,
involving direct mathematical solutions, can be applied to these setup
points in order to generate the approximate parameter values.

Setup points can be specified in two ways.

1. Thefirst points on the selected list of points to be fitted will be used by
default.

2. The user can specify exactly which pointsin the list of points to be fitted
areto be used.

In either case, the setup points may have to conform to a certain geometry.
For example, the cylinder fitting routine requires 3 setup points that should
lie approximately on acircular section of the cylinder. The parameters of
thiscircle are then easily calculated and used as approximate values for the
parameters of the cylinder. The diagramsin this section for the individual
shape fits indicate the setup points and their geometric arrangement.

Note
The number of setup points may be less than the minimum number of
points required for the actual shape fit.

Notefor laser tracker users
A shape may be measured by moving areflector in contact with the
object surface and using continuous recording. Theinitial points may
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therefore be very close together and not suitable as setup points. Asa
result, it may be advisable to make some additional single point
measurements that can be easily and manually identified as the setup
points.

10.7.2 Diagram: Fit to LINE

10.7.3 How to fit a LINE

The diagram shows the line defined initially by setup points P1, P2.
First setup point, P1, defines the local origin, O;.

Direction from P1 to second setup point P2 defines positive direction of
local z axis.

Local x,y axes are arbitrary and depend on the X,Y axes of the base
system.

The final best fitting line and coordinate system will be close to the initial
system.
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10.7.4 Diagram: Fit to PLANE

z

4

10.7.5 How to fit a PLANE

The diagram shows the plane initially defined by setup points P1, P2, P3.
First setup point, P1, defines the origin, O;.

Direction from P1 to second setup point P2 defines positive direction of
local x axis.

Thelocal xy plane contains P1, P2, P3
Local y axisis perpendicular to x and positive from P1 towards P3.
Local z axisis computed to create a right-handed set.

The final best fitting plane and coordinate system will be closeto the
initial system.
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10.7.6 Diagram: Fit to CIRCLE

10.7.7 How to fit a CIRCLE

The diagram shows the circle defined initially by setup points P1, P2, and
P3.

A radius and the centre point are derived from the setup points. The circle
centre defines the local origin, O,.

The direction from the centre to the first setup point P1 defines the positive
direction of thelocal x axis.

The local xy plane contains the 3 setup points.

Thelocal y axisis perpendicular to x and positive from the centre towards
P2.

Thelocal z axis creates a right-handed set with the local x and y axes.

The final best fitting circle and coordinate system will be close to the
initial system.
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10.7.8 Diagram: Fit to CYLINDER

z

10.7.9 How to fit a CYLINDER

The diagram shows the cylinder defined initially by setup points P1, P2,
P3.The 3 setup points should lie on a circular section of the cylinder.

A radius and centre point are first derived from the setup points. The circle
centre defines the local origin, O.

The cylinder axis passes through the centre and is perpendicular to the
plane through the setup points.

The radius of the circle defines the cylinder radius.

The direction from the origin to P1 defines the positive direction of the
local x axis.

Thelocal y axisisin the plane of the circle and positive towards P2.

The positive local z axisis along the cylinder axis and forms aright-
handed set with the local x and y axes.

The final best fitting cylinder and coordinate system will be close to the
initial system.
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10.7.10 Diagram: Fit to SPHERE

10.7.11 How to fit a SPHERE

The diagram shows the sphere defined initially by setup points P1, P2, P3,
and P4.

The setup points are used to cal culate the centre and radius by a direct
linear method. The centre of the sphere defines the local origin, O;.

Local axes are arbitrary and are set parallel to base axes X,Y,Z

The final best fitting cylinder and coordinate system will be close to the
initial system.
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10.7.12 Diagram: Fit to CONE

4 z

10.7.13 How to fit a CONE

The diagram shows the cone defined initially by setup points P1, P2, P3,
P4, P5, P6. Thefirst 3 setup points P1, P2, P3 should lie close to acircular
section of the cone. The second 3 setup points P4, P5, P6 should lie close
to adifferent circular section of the cone.

Centre points and radii are first derived for the two circles.

The direction of the local z axis defines the axis of the cone and is positive
from the small circle to the large circle.

The apex of the cone definesthe local origin, O;.

The direction from the first circle centre to P1, perpendicular to the cone
axis, defines the positive direction of the local x axis.

Thelocal y axis forms aright-handed set with the local x and z axes.
The apex angle A is the remaining parameter of the cone.

Thefinal best fitting cone and coordinate system will be close to theinitial
system.
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10.7.14 Diagram: Fit to PARABOLOID

4 z

P2

10.7.15 How to fit a PARABOLOID

142

The diagram shows the paraboloid defined initially by setup points P1, P2,
P3, P4, P5. Thefirst 3 setup points P1, P2, P3 should be well separated and
lie close to a circular section of the paraboloid.

A circle with corresponding centreis calculated for these points. The axis
of the paraboloid passes through the circle centre and is perpendicular to
the plane of the circle.

A fourth point close to the vertex would be sufficient to create the
approximate paraboloid. However on a physical object such as a parabolic
radar dish, the vertex may not be readily accessible or even physically
defined. Two additional points off the vertex are therefore used.

P4, and P5 should be at different axial heights and not in the same plane as
P1, P2, P3. They are used to calculate focus (distance from vertex to focal
point), focal point and vertex.

The vertex defines the local origin, O.

Thelocal z axis lies along the axis of the paraboloid. Its positive direction
Is from the origin towards the circle centre. The direction from the origin,
perpendicular to the axis of the paraboloid and towards P1, defines the
positive direction of the local x axis. Thelocal y axisforms aright-handed
set with the local x and z axes.

The final best fitting paraboloid and coordinate system will be close to the
initial system.
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10.8 Using the shape fit dialogue box

10.8.1 Selecting points, shape origins and sets for shape fitting

Typically points are measured to which a shape isfitted, for example 10
points on anominally spherical surface. Other point data may also be
checked, for example, that the control pointsreally do lie on a plane or that
3 calculated line intersections themselves lie on a straight line. Accessthe
origins of existing shapes may be important, for example, to check that the
centres (origins) of several large circular holes themselveslie on acircle.

The following points can be selected for shape fits:

Measured points (all types)

Shape origins

Coordinate sets

M easurement sets (distributed locations, not fixed target |ocations)

Selected points are prefixed with "P:" and selected shape originswith "'S:".
If asingle shapeis chosen, all the points making up the shape are selected,
rather than the shape origin. These points are therefore prefixed by "P:"

Device points are prefixed by "P:" and given an extension of the form
"#n", where n is the device point number.

Individual pointsin acoordinate or measurement set may be chosen. Each
Is prefixed by "P:" and given an extension of the form":n", where nisthe
sequence number (row number) in the Data Manager display. If the name
of a coordinate or measurement set is selected, all pointsin the set are
selected.

Points may either be pre-selected prior to choosing the analysis function or
can be chosen from within the function using Select I D. Various
techniques for making selections are fully described in "Axyz DM - Data
Manager: Software Reference Manual".
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Example selections

Thiz selection in the IDM _.

53 Job Workpiece |Pnint | ¥ | ¥ Current Selechion:
= WorkPiece 1D D P =
L. @ CYLINDER 1 |FRONT P1 37303 | 573 P FRONT/P3

& DEFAULT 2 P: FROMT /P4

& FROMT

& REAR
[3...9. Stakiohs 53 |FRONT ] -37.237 ard
B ScaleBar E |FRONT PE A7OEE| 575
- HidderPt Device
----- 4= Reflectors -
-5 Reference = 4] _p|_|
----- L Coord Syetem [T[¥ I\ Points £ Weasurer| « | | _’l_

.. produces thiz result in the

shape fitting routine

o IDM:Sample sak Axpz Mi=] 3
# T Twekeinee I 1 = Current Selection:
= : Job Workpiece Shape ID Type — T —_—
=& WorkPiece 0] : T,
. @ CYLINDER 1 |DEFAULT  |CYLNDER1 | Cylinder F: FRONT/F2
-z DEFAULT 2 |DEFALLT  |C¥LWECTH Wertor
.t3 FRONT 3 |DEFAULT  |FROMTPLAME |Plane
4
- JA Stations 5 |DEFAULT | LINEZ Line
-/ ScalsBar B |DEFAULT | LINES Line
E]"-f HidderPt Device 7 |DEFALLT LIMES Line
..... & Reflsctors 8 |DEFAULT  |RESRPLAME  |Plane |
-1 Reference — LI ’
..... L Coord Spstem [4¥ [, Shapes £ Cortrar||« | | W[

A szelection composed of a zingle selected shape .

__ iz equivalent to zelecting
the pointz which make up
the shape

W IDM:-Sample sak Azxyz M=] E3
E"s Jab . Workpiece Shape ID Type; urreglelectinn:
=8 workPiece 1D 0 DEFALILT ALIN
@ CYUNDER 1 |DEFAULT | CYLINDERY Cylinder 5: DEFADLT/LINEZ
2 |DEFALLT CHLVECT Wector
3 |DEFAULT FROMTPLAME  |Plane
4
EEI---E. Stations
El"'/ ScaleBar B |DEFALLT LIMNES Line
EEI"-f HiddenPt Device ¥ |DEFALLT LIME4 Line
..... {: Reflectors g |DEFALLT REARPLAMNE Plane ¥
-C Reference - il r
""" Lo CodSyston  [¥ T\ shapes S comoml <[] o[

.. 1% equivalent to selecting
the shapes" origin points

A zelection contaiming more than one shape ..
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ample sak_Axypz ample sak Axyz

Shape Point
Work Piece 1D i WorkPiece D X
& CYLIMDER 1 CYLIND| Cvlinde @ ~vLINDER P1 =37
[ DEFALLT 2 | CYLYE|vector @ DEFALULT
@ FRONT 3 | FROMTH Plane @
& REAR |L LINET  Line & RESR
Stationz |g LINEZ  Line Stations 3 37
ScaleBar B |LMES |Line ScaleBar P& -37
HiddenPt Device 7 JLINE4 |Line HiddenPt Device
Reflectorz 5 |REARPUPIENE  Reflectors
Reference Reference
Coord Spztem MShapes m Coord System IIH\Puints m

Pointz and shapes can be zelected from different workpieces _.

W Data Manager Hi=] E
S

SR Job = Workpiece |Point |Device ¥
-8 WakPiece 10 ID | point
g cacdkbuild [k} u] 220545 3
3
----- & coneZ 11 | cadbuild pa 0 170545 | 3t
----- @ coned 12 | cadbuild pid |0 170542 | 3
----- & coned T |13 | cadbuild pip10 0 166761 | 3¢
----- & coneh 14 | cadbuild ptpdd |0 1B6Y 62| 3¢
----- & conepts 15 | cadbuild ptp12 |0 166761 | 3¢
----- & coneptz2 16 | cadbuild ptp13 0 1BE7 BT | 3¢
----- & ol 17 | cadbuild ptpld 0 1667 63| 3¢
----- & cyl2 18 | cadbuild ptpls |0 1667 64 | 3¢
----- & oyl3 19 | cadbuild ptpl6 0 1667 53 35v
""" ® ot =| A pPoints AAAT e

Elﬁ WorkPiece
EI @ DEFALLT

[+]

- B Partlet
® Partleft
& Part right
-8 Stations
[]---f ScaleBar
----- €= Reflectors
w3 Reference

- 23 Imp-Exp
---. Ref
I:I"-f HiddenPt Device
----- L~ Coord System

Selecting device points on a hidden point device _.

W Data Manager M=l B3
E|§ Job =

Workpiece
n Set ID X _|:|

1 |DEFAULT  |Partright 14 636

2 |DEFALLT | Partright 0151

3

5 |DEFAULT | Partright B4 505

B |DEFALLT | Partright a1 032

7 |DEFALLT  |Partright 120215

& |DEFALLT | Partright 148 955

9 |DEFALLT | Partright 214095

10 |DEFALULT | Partright 247 576

11 |DEFALULT | Partright 279534

12 |DEFALLT | Partright 281.309] _
oo 5ot Po]lm w1270 1
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Selecting points from two different coordinate sets _.

Curent Selection:

S DEFALILTALINEZ
P- FRONT /P2

P: FROMT /P3
P: FROMT /P4

i

.. to produce a more
complex zelection

4

Current Selection;

P: cadbuild/pai2

.. produces this result

Current Selection;
P DEFALILT
F: DEFALLT /Partleft:2

F: DEFAULT /Partright: 3
F: DEFALLT /Partright: 4

d

.. produces this result
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& Data Manager M=] E3
&g Job :
= 8 wokPiecs WorkDles® | gotip [pate” || CurenSelecion
- @ Circle (P Plane/Plane
L . P: Plane/Planez:2
: Eolam 1_|Plane PLAMNE-CSET |30.09 P Plane/Plans2 3
one 2 P: Plane/Planez 4
& Cylinder F: Plane/Plans2:5
L. @ DEFAULT P: Plane/PlaneZ:6
- @ L F: Plare/PlansZ ¥
® Plneb loid P: Plane/Plans2:8
: arabalol F: Plare/PlansZ3
EHZ? Flane | F: Plane/PlansZ10
e |3 PLAME-CSET P: Plane/Plans:11 'l
' Plane2 | ol |
[+ @ Sphere -
=B Stations =| [y sets £ 4] 3
Selecting an entire measurement set _. .. zelects all points
in the set

10.8.2 Scale factor for shape fits

146

A coordinate systemis created for every shape, based on itslocal origin
and axes.

Every coordinate system in Axyz is effectively defined by the parameters
of a shift and rotation from the Base coordinate system, where
measurements are stored, to the specified coordinate system. In addition a
scale factor can be applied in the new system.

Calculation of a shape fit does not inherently involve calculation of a scale
factor. The default Axyz installation therefore takes the scale factor from
the active coordinate system as the scale factor for the new coordinate
system defined by the shape. This default can be modified.

Note

If ashapeisviewed in a coordinate system that applies a scale factor
other than 1, the shape's form parameter, e.g. circleradius, is also scaled
by thisfactor.

Modifying the scale factor

The active coordinate system may apply a scale factor that is not wanted in
the shape coordinate system. It may be preferable to define the shape
coordinate system with a scale factor of 1.

The ssimplest technique is to switch the active coordinate system to one that
has the desired scale factor, then do the shape fit. Typically the scale factor
should be 1 and the Base coordinate system has this property.
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Alternatively, dummy coordinate systems can be created and the required
scale factors selected from these.

Advanced users have two further options that are documented in the
installation "readme” files.
3. Make the default scale factor = 1
4. Expose another input in the dialogue box for the best-fit solution which
enables scale to be chosen from the active CS or set scale=1

These changes require modifications to INI files.

10.8.3 Main dialogue box for shape fits
Shape fit dialogue box:

SHAPE Bestfit

Shape 1D: I Solve

Cl
[ Apply Offset Comections =05

uddd

Approzimation kethod Select |D. ..
&+ Setup Points Diptions..
™ Entered Parameters
Help
Current Selection: Setup Paoints:
T DEEALLTA 1 [EOERCTTT
P: DEFALLT A2 2 |P: DEFALILT A2
F: DEFALLT A3 2 |F: DEFALILTA3
a4
;
i
< =

-3 [ Append to Selection

& o oo

Note
Thisisasimulated dialogue box with ageneral title. All shape fit dialogue
boxes ook the same except for the title bar.

Shape ID

Define anew ID for the shape to be fitted or choose an existing ID using
Select ID if it is planned to update the shape or overwrite existing
parameters.
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Leave the ID blank if the results of afit need to be viewed only. An ID can
be specified and the parameters saved subsequently when the results are
presented in the "Best fit Solutions" dialogue box (see below).

Note

If on-line output to log file or printer is enabled and a shape ID has not
been specified, N/A will appear on the listing in place of an informative
namel! It istherefore recommended that a shape ID is always supplied
before calculation if alog file or printer is enabled.

Apply offset corrections

If points have been measured using reflectors or targets with significant
thickness, this can be corrected by selecting this option. The shape will
then be fitted to the true surface point, not the measured location.

Approximation method

In order to calculate shape parameters which give a best fitting shape, the
parameters must first be approximately derived by some simpler method.
Use one of the following:

Setup points

A minimum number of points, chosen from the list of points to be fitted
and conforming to a particular geometry, are used to generate initial values
of the shape's parameters.

Thefirst points on the list are chosen by default but may be overwritten by
the user (see below).

Entered parameters

The user may manually specify the parameters. Typically this occurs when
something needs to be held fixed at a design value, such as the radius of a
circle, or to force a particular origin to be adopted.

Parameters are classified in groups:
* Origin coordinates (3)

» Rotation angles (3)

» Parameter (1)
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It is not necessary to estimate all 7 parameters but within each group al
parameters must be estimated. The agorithm supplies missing val ues.

Note
Setup points will still be required in order to estimate any missing
parameters.

Parameters are entered in the "Bestfit Options” dialogue box whichis
called up with the Options button.

Current Selection

If aselection of pointsto be fitted has already been made using the Select
I D tool before entering this function, then the Current Selection box will
be filled with the corresponding point IDs. This feature makes it possible
to first choose the points and then select the analysis function as an
alternative to first choosing the function and then selecting the points.

If thereis no current selection or the selection is not relevant or it is
preferred to select the points to be fitted after specifying the analysis
function, then click in the box and the Select |1 D button is used to make the
selection.

The selection may be altered by returning to Select 1D.
Points can be deleted from the current selection by highlighting and
pressing the Delete button.

See " SHedti : : - | for o it "|npage

[43]

Append to selection

If this option is selected points can be added to the currently selected list.
Click in thelist of selected reference points and use Select ID or equivalent
to choose additional points. No error occurs if points are added which are
already on thelist.

If this option is not selected any new selection of points will replace the
existing selection.

Note
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If ashapeis appended to an existing selection, all the points which make
up the shape will be added, not the shape origin. To add a shape origin
the list must be re-defined, i.e. make a selection without appending.

Setup Points

By default, the first points on the list of pointsto be fitted are selected as
the setup points. Remove a point from the setup list by highlighting it and
pressing the Delete button.

Copy apoint from the current selection onto the list of setup pointsin one

of two ways:

1. Click the point in the current selection to highlight it and press the
Right arrow button.

2. Double click the point to copy it over.

Repeated insertion of points in this way, moves the point of insertion down

the list, pushing the existing point at that position, and those below it,

further down the list.

To re-order the list of setup points so that the local axes are oriented as

wished, one of the following methodsis used:

1. Click the point to highlight it, then change its position using
<CTRL>+UP/DOWN arrows

2. Click the point and drag it to a new position on the list

Solve button
Click this button to calculate the fitted shape and display the results.

Options button

Click this button to reach the Options dialogue box where the shape fit can
be modified.

10.8.4 Options dialogue box

The purpose of this dialogue box isto permit the user to fix some or all of
the parameters of a shape and, if required, locally override the general
setting for the weighting method.
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Beszt-Fit Options

— Origin Coordinates

% [ 0 [~ E
N I 10 [mm] & Fix
z I 0 [mm] [V Fis

e I [deq] T Fix =g, Liew
v I— [dea] T s & Uniformn
z I [dea]l [~ Fix

= SiEe Earm

Fiiadius: I [l =]

Origin coordinates

If any item is specified in this group, all items must be given values, even
if only approximate. A valueis approximate if marked as "not fixed".

X,\Y,Z
To locate the origin near a particular point, input the corresponding
coordinates with respect to the currently active system.

Fix

If chosen, coordinates are held close to the input value during the solution.
Otherwise, coordinates can drift from the input value, i.e. the input value is
only approximate and the coordinate is effectively an unknown element at
the start of the solution.

Internally very small or very large standard deviations are used to fix or
not fix coordinates.

Rotation angles

If any itemis specified in this group, all items must be given values, even
if only approximate. A valueis approximate if marked as "not fixed".

X,Y,Z
To position the local axesin acertain direction, input the corresponding
axial rotation angles with respect to the currently active system.

Fix
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If chosen, rotations are held close to the input value during the solution.
Otherwise, rotations can drift from the input value, i.e. theinput valueis
only approximate and the rotation is effectively an unknown element at the
start of the solution.

Internally very small or very large standard deviations are used to fix or
not fix rotations.

Size/Form

This option allows the user to influence the calculation of the size or form
parameter of the shape, i.e. one of the following parameters:

» Circle Radius or diameter

» Sphere Radius or diameter

e Cylinder Radiusor diameter

e Cone "Slope" (apex angle = 2 x angle between axis and surface)
e Paraboloid "Focus' (Distance from vertex to focal point)

Adopt one of the following strategies:

» Tofix the parameter at a particular value, input the value and select
"Fixed".

» To treat the parameter as unknown and allow it to float to an optimal
value, leave the value blank and do not select "Fixed"

» To treat the parameter as unknown, but assist the solution by providing
an approximate starting value, enter this value and do not select "Fixed"

Weighting
When fitting a shape, points can be given aweight by one of the following
methods:

Std. dev.(Standard deviation)

The weight assigned to each fitted point will depend on the standard
deviation (o) recorded with it. The weight is calculated as (1/0)2

The Variance Factor (Mean Error) is used as the quality figure for the best-
fit result.

Uniform
Each point is given the same weight = 1.0. Many external programs
assume equal weight and this option enables a comparison to be made.

The RMS value of the residuals is used as the quality figure for the best-fit
result.
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Note

In the Settings menu/ General option the user may globally set one of
these weighting methods which is then used as the default option on
entry to this dialogue box. Altering the setting here does not affect the
global setting.

10.8.5 Sample results for shape fit

Best-Fit Solution
Shape ID: | LIME
LClose |
Camment; I
<< Back |
Tatal RS Emor: 0.017F [mm] ME&M Error: 2933
Selestl |
Derviation Summary: = e =1 B e = 0
. Parameters. . |
Minimal: | 0.004 | [rari]
Maximal: | 0o3n | [mm] Wiew Add. F'tS|
Range: | 0026 | [morn] it |
Rk5: [ 0017 | [rarn]
Help |
PaintDevigions | d¢ | & | & | DEW | =
Line/Line2:1 0.008 0015 0,000 0oz
Line/Line: 2 0.000 0.0 0,000 n.o2r ||
Line/Ling2:3 0.007 0.010 0.000 ooz
Line/Line2-4 0.005 0006 0000 0.008
Line/Linez:5 0014 0ma -0.000 0.0z0
Line/Line2:G -0.005 0.0z2a 0,000 0024
Line/Line2: 7 0016 0025 0,000 0.0z0 j
Store Onigin as Paint; Store fxiz as Vector

The example shows results for a LINE fit.

10.8.6 Shape fit solution

The Solve button cal culates the parameters of the shape and displays the
resultsin the "Bestfit Solution” dialogue box.

Note

If "Auto calculation on dialogue popup™ has been selected in the
Settings Menu (see d on page 47) kthen a solution isimmediately
calculated if the function is entered with a pre-selected list of pointsto
be fitted.
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Shape ID

If ashape ID was specified in the initial dialogue box, it will be displayed
here. To save a shape which does not yet have an ID, type the ID here or
use Select 1D to choose an existing shape whose values are to be
overwritten.

Comment
Type an optional description or comment for this shape.

(Inherit scale from current CS)

Thisinput option only appearsif the installation has an appropriately
configured INI file. See the installation "readme"” files for full information.

Select this option if the coordinate system defined by the shape should
adopt the scale factor used by the currently active coordinate system.
Otherwise the factor = 1.

Total RMS error and Mean Error

Results always show the Total RM S Error. Thisisthe RMS value of the
point deviations listed in the DEV column. For circlefitsitisthe RMS
value of theradial deviations.

If weighting by standard deviation has been chosen, the results also show
the Mean Error. Thisisthe Variance Factor of the |east squares solution.

The weighting scheme is a general setting. See "General" bn page 4]

Point deviations

This shows the individual coordinate residuals of the fitted pointsin the
shape's coordinate system. In the column labelled "DEV" the residuals are
given as perpendicular offsets from the shape.

For circlefits only, deviations have components in the plane of the circle
and in aradia direction.

Note

If the current coordinate typeis"Cylindrical” or "Spherical” very small
deviations may show large coordinate values. Thisis because the angle
value simply shows the direction of the deviation regardless of size of
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deviation. The deviation may be just afew microns but its direction can
be anywhere between zero and 360°.

Deviation summary

This summarizes the following statistical features of the deviations listed
in the DEV column. For circle fits, separate summaries are given for planar
and radial deviations.

Minimal — smallest deviation value

Maximal — largest deviation value

Range — difference between largest and smallest deviation
RMS—-RMS value of the deviations

Store origin as point

The shape's origin can be separately stored as a point of type calculated.
The intended name can be entered here.
Note
The shape's origin does not need to be separately stored asapoint it isto
be used in other calculations. In most cases where points are processed,
a shape's name will imply the use of the shape's origin.

Store axis as vector

The shape's axis can be separately stored as another shape of type vector.
The intended name can be entered here.

Save button

Pressing this button will save the relevant parameters provided a name has
been provided for one or more of the following:

e ShapelD

» Name of origin as point

* Name of axis as vector

Exit button

When this button is pressed the shape fitting routine is exited and accessis
returned to the main program.
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Back button

Press this button to return to the main dialogue box for this shape fit. Other
options or selections of points can then be fitted.

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If nat activated, results may be
automatically sent. For full details, see "Oh-line output" bn page 3

Parameters button

When atransformation has been computed, click on this button to see the
parameters. The standard dialogue box for presenting the parameters of
coordinate systems and shapes is used. See "Parameters dialogue box" jon

page 157. |

View add. pts. button
Click this button to reach the Point offsets dialogue box.

10.8.7 Point offsets dialogue box

This option checks the perpendicular offsets from the cal culated shape of
points not included in the shape fit. The total length of the offset and its
components along the currently active reference axes are displayed using
the same format for the best-fit solution.
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Point OFfsets

Residualz to: - MAA LIME Cloze
Fuoint Deviations | 4 | dr’ | d” | Total |
e 500 5500 non  7rgs | 2eeetiD.
coneptz/bp2 4500 4500 -0.00 B354 Print
coneptz2/bp3 4500 4500 0.00 B354 =

Delete

Help

dudidd.

Selecting points for calculation

The display isinitially empty. Right click in the display area or use Select
I D to choose points from the job file. After selection the calculations are
automatically made.

Residuals to

The name of the current shape, or N/A if no name has been chosen,
followed by alabel indicating the type of shape, e.g. LINE.

Point deviations

Results show the name of the selected point followed by the components
of the perpendicular offset along the current reference axes and the total
length of the offset.

Delete button

Highlight an individual point and press Delete to remove it from the
display.

10.8.8 Parameters dialogue box

This box is used to present parameters for both shapes and coordinate
systems.
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Parameters

]
ID: Cirtest CIRCLE
Help |
Wiew CS

Created: Tuesday, December 23. 1997 10:22

— Origin Coordinates
w: [ 1046561 [mm]
& | 1523.976 [mm]
i [ 03779 [mm]
— Ratation Angles
A= Iw [gan]
Ry Iw [gon]
Rz Iw [gon]
— Size/Farm
Radius: | BEOES [mm]

ID

Thisfield either shows the defined name for the cal culate shape or
coordinate system, or N/A if no name has yet been chosen.
The type of coordinate system or shape is shown to the right.

Created
Creation date of the shape or coordinate system.

View CS

Select the coordinate system (CS) in which the parameters and components
are to be viewed.

Current
Use the currently active coordinate system

Base
Use the base coordinate system

Origin coordinates

The coordinates of the origin of the coordinate system or standard shape
with respect to the current or base coordinate system
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If avector is displayed, origin coordinates are not relevant and this part of
the dialogue box is greyed out.

Rotation angles or unit vector components

Either "Rotation angles' or "Unit vector components" will be displayed,
depending on the general settings. See "General"] on page

Rotation angles
Tr? Imagine axes initially parallel to the current or base system, depending on
T™\ vans Selection. Rotations are applied to rotate these axes into the orientation
frusers— defined by the axes of the selected coordinate system or shape. Fuller
details are available in "Mathematics for Users".

Unit vector components
Components of z axis unit vector in current or base coordinate system.

Note

If avector isdisplayed, unit vector components are always used even if
the general settings specify rotation angles. This feature does not affect
the general setting.

Size/form

If a coordinate system is displayed this shows the scale factor to convert
from the current or base system to the selected system.

If a standard shape is displayed this shows a size or form parameter if
relevant, e.g. aradius or diameter for acircle, focal length for a paraboloid.

If avector isdisplayed, thisvalueis not relevant and the dialogue box is
greyed out here.

10.9 Line

L ine command (Analyse menu) Alt, AL
"Create line by least squares best fit"

This function creates a best fitting straight line to a selected set of points
using the method of least squares.
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Diaogue box options are not fully detailed here. See Sl{ape_f.l.t.s_m_|
penera™ pn page 134 Jfor full details.

Note
A minimum of 2 points required.

Shortcuts
Palette 1: <
Keys. CTRL+1

10.9.1 LINE dialogue box
LNEBet [

Shape ID; |LINE-1III1 Salve

Cl
[T Sppli Sifseh Eamestions S

Uil

Approximation Method Select D
¥ Setup Points Options...
" Entered Parameters
Help
Current Selection: Setup Points:
a1 |P: DEFAULT point1ml
P: DEFAULT fpoint102 2. |P: DEFALLT Apoint102
P: DEFAULT fpoint103 <t
P: DEFALLT fpoint1 04 A
P: DEFAULT fpoint105 5
B

N

3 | [~ append to Selection
-
LI » Delete |

Setup points

A 3D line requires two setup points, ideally with awide separation along
theline.

10.9.2 Options for best-fit LINE
The standard dialogue box for best-fit shape optionsis used.
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Fixing rotational values for a LINE fit

To force alineinto aparticular direction with respect to the base
coordinate system, fix the following standard conditionsin the Options

box.

(wisrotation about first axis, @is rotation about second axis. For a3D line
the K rotation about the third axisisfixed at zero and cannot be altered.)

Requirement

Numerical conditions

1. Lineforced per pendicular to x axis of
base system
(Lineisparalle to yz plane of base
system)

2. Lineforced perpendicular toy axis of
base system
(Lineisparallel to xz plane of base
system)

3. Lineforced perpendicular to z axis of
base system
(Lineisparallel to xy plane of base
system)

4. Lineforced parallel to x axis of base
system

5. Lineforced parallel toy axis of base
system

6. Lineforced parallel to z axis of base
system
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w not fixed

$=0

w=0
¢ not fixed

EITHER
w not fixed
¢ =172

N

e gceg e
no
cooggo
N

OR
W=T172
¢ not fixed
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10.9.3 Sample results for LINE

Best-Fit Solution
Shape ID: | LIME
LCloge |
Camment; I
<« Back |
Tatal RS Ermor: 0.017F [mm] ME&M Error: 2933
SeleatlDn. |
Derviation Summary: FrEdal e esater S
. Parameters. . |
Minimal: | 0.004 | [rari]
Maximal | 0o3n | [mm] Wiew Add. F'tS|
Range: | 0026 | [morn] it |
RH5: [ 0017 | [rarn]
Help |
Point Deviations | &4 | dr | & [ DEW | =
Line/Line2:1 0.008 0015 0.aa0 0oz
Line/Line: 2 0.000 0.0 0.aa0 n.o2r ||
Line/Line2:3 0.007 0.010 0000 ooz
Line/Line2-4 0.005 0006 0000 0.008
Line/Linez:5 0014 0ma -0.000 0.0z0
Line/Line2:G -0.005 0.0za 0.aa0 00249
Line/Line2: 7 0016 0025 0.aa0 0.0z0 j
Store Onigin az Paint; Store fxiz as Vector

10.9.4 Solution for LINE

162

Point deviations

This shows the individual coordinate residuals of the fitted pointsin the
currently active coordinate system. In the column labelled "DEV" the
residuals are given as perpendicular offsets from the line. See "
Fit to LINE" jon page 1B6.

Parameters button
The Parameter s button calls up the standard dialogue box for parameters.

Size/lForm
For a 3D line thereis no size or form parameter.

View add. pts. button

Click this button to reach the Point offsets dialogue box for calculating
offsets of other points not included in the shape fit.
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10.10 Plane

Plane command (Analyse menu) Alt, AP
"Create plane by least squares best fit"

This function creates a best fitting plane to a selected set of points using
the method of least squares.

Eﬁﬁgﬁbox optio e not fully detailed here. See Sﬂlape_f.u_s_m_|

n page 134-for full details.

Note
A minimum of 3 points required.

Shortcuts
Palette 1: o
Keys: CTRL+2

10.10.1 PLANE dialogue box
PLANEBestt ¥

Shape ID: | Solve

Cl
[T Apply Qifzet Comections e

dili;

Approgimation bethod Select |D...
¥ Setup Points Dptione. .
" Erttered Parameters
Help
Current Selection; Setup Paoints:
T DEEALLT foaini . [F-DEFAULT fpomcad
F: DEFALULT fpoint202 2 |F: DEFALLT /point202
P: DEFALILT fpaint203 3 [P: DEFALULT fpaint203
F: DEFALILT fpoint204 4
P: DEFALLT Apaint205 5
F: DEFALILT fpoint206 E:
KN =

. [ Append to Selection

i o Tooe]

Setup points
A plane requires three setup points which form atriangle.
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10.10.2 Options for best-fit PLANE
The standard dialogue box for best-fit shape optionsis used.

Fixing rotational values for a PLANE fit

164

To force aplane into a particular attitude with respect to the base
coordinate system, fix the following standard conditionsin the Options

box.

(wisrotation about first axis, @is rotation about second axis, K is rotation

about third axis):

Requirement Numerical conditions
1. Plane forced parallel to x axis of base w not fixed
system $=0
K not fixed
2. Plane forced paralld to y axis of base w=0
system ¢ not fixed
K not fixed
3. Plane forced parallel to z axis of base EITHER OR
system wnot fixed w=172
¢ =12 ¢ not fixed
K not fixed Kk not fixed
4. Planeforced perpendicular tox axisof w=0
base system ¢ =102
K not fixed
5. Planeforced perpendicular toy axisof  w=T112
base system $=0
K not fixed
6. Plane forced perpendicular to zaxisof  w=0
base system $=0
K not fixed
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10.10.3 Sample results for PLANE

Best-Fit Solution
Shape ID: | PLAME
LCloze |
Comment: I
<< Back |
Tatal RS Error: L0393 [rorn] MEAM Error: 27.055
Seleablb |
Deviation Summary: Fadial esratiam Surmmars
.. FParameters... |
Minimal: | D0EE | [rnri]
Maximal: | 0064 | [rmim] Wiew Add. F'tsl
Range: | 0130 | [mrn] Eirat |
Fik5: | 0023 | [rrirn]
Help |
PaintDeviations | d¢ | da¢ | & | DEv [ =
Plane/Planez:1 0.000 -0.000 n.ozz 0.nzz
Plane/Plane2:2 0.000 0.0o0 0.052 nosz |
Plane/Plane2:3 -0.000 -0.000 0.003 0.003
Plane/Planez2:4 0.000 -0.000 0.025 0.025
Plane/Plane2:5 0000 -0.000 0042 0042
Plane/PlaneZ.6 0.000 -0.000 0.041 0.041
Plane/Plane: 7 -0.000 0.oo0 0.035 0,035 ;l

Store Origin as Paint: Store Marmal as Vectar:

10.10.4 Solution for PLANE

Point deviations

This shows the individual coordinate residuals of the fitted pointsin the
currently active coordinate system. In the column labelled "DEV" the
residuals are given as perpendicular offsets from the plane. They are
shown as positive when above (+Z axis side) the plane and negative when

below the plane. See "Diagram: Fit to PLANEY' on page 1B7. |

Parameters button

The Par ameter s button calls up the standard dialogue box for parameters.

Size/lForm

For aplane thereis no size or form parameter.

View add. pts. button

Click this button to reach the Point offsets dialogue box for calculating
offsets of other points not included in the shape fit.
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10.11 Circle

Circle command (Analyse menu) Alt,A,C
"Create circle"

This function creates a best fitting circle to a selected set of points using
the method of least squares.

Eﬁﬁgﬁbox optiops are not fully detailed here. See Sliape_f.u_s_m_|

n page 134-for full details.

Note
A minimum of 3 points required.

Shortcuts
Palette 1: o
Keys: CTRL+3

10.11.1 CIRCLE dialogue box

CIRCLE Bestfit

Shape 1D I Solve

Cl
[ apply Oifzet Carections e

Ul

Approximation tethod Select D,
¥ Setup Points Djptions..
" Entered Parameters
Help
Current Selection: Setup Paoints:
B DEFAULT fpointadi 1: |F: DEFALLT /pointa0i
P: DEFALILT Apaint302 2 |P: DEFALLT /painta02
F: DEFALILT fpoint303 3 [F: DEFALULT /pointa03
F: DEFALULT /point304 4
P: DEFALILT fpaint305 5
F: DEFALILT fpoint306 E
F: DEFAULT Apoint307 3 r
P: DEFAULT /point308 _I J
F: DEFALILT /point303 > I Append to Selection
ﬂ _le Delete |

Setup Points
A 3D circle requires 3 setup points, ideally well spaced on alarge arc of
the circle.
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10.11.2 Options for best-fit CIRCLE
The standard dialogue box for best-fit shape optionsis used.

Fixing rotational values for a CIRCLE fit

To force acircle into a particular attitude with respect to the base
coordinate system, fix the following standard conditionsin the Options

box.

(wisrotation about first axis, @is rotation about second axis, K is rotation

about third axis):

Requirement

Numerical conditions

1. Circleforced parallel to x axis of base
system

2. Circleforced parallel toy axis of base
system

3. Circleforced parallel to z axis of base
system

4. Circle forced perpendicular to x axis of
base system

5. Circleforced perpendicular toy axis of
base system

6. Circle forced perpendicular to z axis of
base system
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w not fixed
$=0
K not fixed

w=0
¢ not fixed
K not fixed

EITHER

w not fixed
¢ =172

K not fixed

w=0
¢ =12
K not fixed

w=T172
$=0
K not fixed

w=0
$=0
K not fixed

OR
W=T172

¢ not fixed
K not fixed
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10.11.3 Sample results for CIRCLE

Best-Fit Solution
Shape ID: | CIRCLE
LCloze |
Comment: I
<¢ Back |
Total BkS Errar: 0006 [rnirn] FEAM Errar: 0524
Geleatlb., |
Flanar Deviation Surmman:  Radial Deviation Summary:
.. Parameters... |
Minimal: | 0005 | 0012 [mm]
Maximal: | oond | 0mz  [mm] Wigw Add. F'tsl
Range: | nona | 0.024  [mm] Erint |
Rikd5: | ooz | 0.006  [mm]
Hep |
PaontDeviati. | &4 | d¢ | d@ | Planar | Radial | =
Circle/Circle:1 -0.001 -0.000 -0.001 -0.001 0001
Circle/Circlel: 2 -0.006 0,000 0.a0z 0.a0z ooos ||
CirclesCircle1:3 0006 -0.001 -0.002 -0.002 -0.006
Circle/Circle1:4 oma -0.002 -0.003 -0.003 002
Circle/Cirzle1:5 0.0 0000 0001 0001 000t
CirclesCirclel:6 -0.002 0,000 0,000 0,000 0.a0z
Circle/Circlel:.7 -0.001 0,000 0,001 0,001 0001 ;l
Store Ongin az Paint; Store Mormal az Wector;

10.11.4 Solution for CIRCLE

168

Point deviations

This shows the individual coordinate residuals of the fitted pointsin the
currently active coordinate system. "Planar” residuals are perpendicular
offsets from the plane of the circle. "Radial" residuals are offsetsin the
plane of the circle. The values dX, dY, dZ are the individual components
of the full vector offset along the axes of the currently active coordinate
system. See "[Diagram: Fit to CIRCLE] on page 138

Parameters button

The Parameter s button calls up the standard dialogue box for parameters.
Size/For m shows the radius or diameter of the circle depending on the

default setting. See "eneral" on page

View add. pts. button

Click this button to reach the Point offsets dialogue box for calculating
offsets of other points not included in the shape fit.
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10.12 Cylinder

Cylinder command (Analyse menu) Alt,AY
"Create cylinder"

This function creates a best fitting cylinder to a selected set of pointsusing
the method of least squares.

Eﬁﬁgﬁbox optio e not fully detailed here. See Sﬂlape_f.u_s_m_|

n page 134-ifor full details.

Note
A minimum of 5 points required.

Shortcuts
Palette 1: &
Keys: CTRL+4

10.12.1 CYLINDER dialogue box
CYUNDERBest |

Shape ID: | Solve

Cl
[T Apply Qifzet Comections e

dlili;

Approwimatian bethad Select |D. ..
¥ Setup Points Diptione. .
" Erttered Parameters
Help
Current Selection; Setup Paointz:
T DEEALLT fonintE 1. [F- DEFALLT fpomiEn]
F: DEFALILT fpoint502 2 |F: DEFALLT /point502
P: DEFALLT Apaint503 3 [P: DEFALLT /paint&03
F: DEFALILT fpoint504 4. |F: DEFALLT /point504
F: DEFALILT /point505 5 [F: DEFALLT /point505
P: DEFALILT Apaint506 G
F: DEFALILT fpoint507 4 N
F: DEFALULT /point508 —I J
P: DEFALILT fpaint&09

-3 [ Append to Selection

i o Tooe]

Setup Points
A cylinder requires 3 setup points located approximately on acircular
section of the cylinder and ideally well spaced.
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10.12.2 Options for best-fit CYLINDER

170

The standard dialogue box for best-fit shape optionsis used.

Fixing rotational values for a CYLINDER fit

To force acylinder into a particular direction with respect to the base
coordinate system, fix the following standard conditionsin the Options

box.

(wisrotation about first axis, @is rotation about second axis, K is rotation

about third axis):

Requirement

Numerical conditions

1. Axisforced perpendicular to x axis of
base system
(Axisisparallé to yz plane of base
system)

2. Axisforced perpendicular toy axis of
base system
(Axisisparallel to xz plane of base
system)

3. Axisforced perpendicular to z axis of
base system
(Axisisparallel to xy plane of base
system)

4. Axisforced parallel to x axis of base
system

5. Axisforced parallel to y axis of base
system

6. Axisforced parallel to z axis of base
system

w not fixed
$=0
K not fixed

w=0
¢ not fixed
K not fixed

EITHER
w not fixed
¢ =172

K not fixed
w=0

¢ =12

K not fixed

w=T172
$=0
K not fixed

w=0
$=0
K not fixed

OR
W=T172

¢ not fixed
K not fixed
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10.12.3 Sample results for CYLINDER

Best-Fit Solution

Shape ID: | CYLIMNDER
Cloze |
Comment; I
<< Back |
Total RS Ermor: 0.014 [mm] FEAM Error: 0.318
Selestn |
Deviation Summary: Eradiall Mesratan Sumnma
. Farameters. .. |
Minimal: | -0.026 | [ira]
Mawimal: | 0oz | [mm] Wiew Add. F'tS|
Range: | nosl | [mm] Eifat |
Rbki5: | noi4 | [rrirn]
Hep |
PontDeviatons | d< |  d¢ | & [ DEV |-
Cylinder/Cylinderz:1 0025 -0.000 -0.000 0025
Cylinder/Cylinderz: 2 0ozz 0.007 -0.000 0.024 | |
Cylinder/Cylinder2:3 -0.005 0004 -0.000 0007
Cylinder/Cylinder2-4 0.015 0.0 0.000 0026
Cylinder/Cylinderz:5 -0.002 -0.005 -0.000 -0.006
Cylinder/Cylinderz:5 0,000 0.003 -0.000 000z
Cylinder/Cylinder2: 7 -0.007 0021 -0.000 0nzz LI
Store Origin az Paint: Store Axiz az Wector:

10.12.4 Solution for CYLINDER

Point deviations

This shows the individual coordinate residuals of the fitted pointsin the
currently active coordinate system. In the column labelled "DEV" the
residuals are given as perpendicular offsets from the surface of the
cylinder. A positive perpendicular offset is away from the cylinder axis.
See "Diagram: Fit to CYLINDER}' on page

Parameters button
The Parameter s button calls up the standard dialogue box for parameters.

Size/Form
Shows the radius or diameter of the cylinder depending on the default

setting. See "General"|on page 47. ]
View add. pts. button

Click this button to reach the Point offsets dialogue box for calculating
offsets of other points not included in the shape fit.
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10.13 Sphere

Sphere command (Analyse menu) Alt,A,S
"Create sphere”

This function creates a best fitting sphere to a selected set of points using
the method of least squares.

Eﬁﬁgﬁbox optiops are not fully detailed here. See SHlape_f.LLs_Ln_|

n page 134 Ifor full details.

Note
A minimum of 4 points required.

Shortcuts
Palette 1: =
Keys: CTRL+5

10.13.1 SPHERE dialogue box

172

SPHERE Bestfit ]|

Shape ID: | Solve

Cl
[T Apply Qifzet Comections e

dili;

Approgimation bethod Select |D...
¥ Setup Points Dptione. .
" Erttered Parameters
Help
Current Selection; Setup Paoints:
B BEEALLT fpointddi ™ 1: |F: DEFALLT /pointd01
F: DEFALULT fpoint402 2 |F: DEFALLT /pointd02
P: DEFALILT fpaint403 3 [P: DEFALULT /paintd03
F: DEFALILT fpoint404 4: |F: DEFALLT /pointd04
P: DEFALLT Apaint405 5
F: DEFALILT fpoint406 E:
F: DEFALILT fpoint407 3 b
P: DEFALILT fpaint408 —I —I
F: DEFALILT fpoint403 :
. [ Append to Selection
ll _rl_l Delete |

Setup Points
A sphere requires 4 setup points which must not al be located on acircular
section of the sphere.
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10.13.2 Options for best-fit SPHERE
The standard dialogue box for best-fit shape optionsis used.

Rotation angles

For a sphere there is no option to define particular rotation angles for the

local axes. The local axes are fixed parallel to the base system axes.

10.13.3 Sample results for SPHERE

Best-Fit Solution

Store Origin az Point:

Stare Warmial as Yestar

Shape ID: | SPHERE
Cloze |
Comment: I
<< Back |
Tatal BkS Errar: 0.016 [rarm] FEAM Error: 4.926
Selech . |
Drevviation Surnmary: B adial [ ewratiar Summan:
. Farameters... |
Minimal: | 0033 [rrim]
W aximal: | 0,024 | [mrr] ey fdd. F'tsl
Range: | 0067 | [rrim] Eritit |
RMS: | 0ome | [mm]
Help |
PointDeviations | &4 |  d¢ | & | DEv [«
SpheresSpherel: 0.002 0,001 -0.003 -0.004
SpheresSpherel: 2 -0.007 -0.005 Loz oms | |
SpheresSpherel: 3 0.007 0,005 0.014 0.017
SpheresSpherel:4 0.001 0.001 -0.002 -0.002
Sphere/Spherel: -0.002 -0.001 0.005 0,005
SpheresSpherel: B -0.005 -0.003 Loz 0013
SpheresSpherel: 7 -0.003 -0.002 [0.009 0.009 LI

10.13.4 Solution for SPHERE

Point deviations

This shows the individual coordinate residuals of the fitted pointsin the
currently active coordinate system. In the column labelled "DEV" the

residuals are given as perpendicular offsets from the surface of the sphere.
A positive perpendicular offset is away from the centre. See "Diagram: Fit

{o SPHERE]" on page 140. ]
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Store normal as vector

Thereis no normal vector associated with a sphere, so thisoption is greyed
out.

Parameters button
The Parameter s button calls up the standard dialogue box for parameters.

Rotation angles

Thereis no unique axis associated with a sphere so this option is greyed
out. However, default axes are provided which are parallel to the base
system axes.

Size/lForm
Showsthe rad'iii gr lg:jiarneter of the sphere depending on the default
setting. See "G “lon page

View add. pts. button

Click this button to reach the Point offsets dialogue box for calculating
offsets of other points not included in the shape fit.
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10.14 Cone

Cone command (Analyse menu) Alt,AN
"Create cone"

This function creates a best fitting cone to a selected set of points using the
method of |east squares.

Eﬁﬁgﬁbox optio e not fully detailed here. See Sﬂlape_f.u_s_m_|

n page 134-ifor full details.

Note
A minimum of 6 points required.

Shortcuts
Palette 1: =
Keys: CTRL+6

10.14.1 CONE dialogue box
CONEBestwt ¥

Shape I0: I

Cl
[T Apply Qifzet Comections e

E=TH
o |
_ b |

Approwimatian bethad Select |D. ..
¥ Setup Points Diptione. .
" Erttered Parameters
Help
Current Selection; Setup Paointz:
P: DEFALILT Apaint 701 1. [P: DEFALLT fpaint701
F: DEFALILT fpoint 702 2 |F: DEFALLT /pointy02
P: DEFALILT Apaint 703 3 [P: DEFALULT fpaint703
F: DEFALILT Apoint 704 4. |F: DEFALLT /pointy04
F: DEFALILT fpoint 705 5 [F: DEFALLT /pointy05
P: DEFALILT Apaint 706 g |F: DEFALULT /paint706
F: DEFALILT Apoint 707 P b
F: DEFALULT Apoint 708 —I J
P: DEFALILT fpaint 709

-3 [ Append to Selection

i o oo

Setup Points
A cone requires two sets of 3 setup points, each located approximately on
two different circular sections of the cone.
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10.14.2 Options for best-fit CONE
The standard dialogue box for best-fit shape optionsis used.

Size/Form

The parameter that may be fixed is labelled "slope”. The entered angle
should be the apex angle, i.e. twice the angle between the cone axis and the
surface.

Fixing rotational values for a CONE fit
To force the cone's axis into a particular direction with respect to the base

176

coordinate system, fix the following standard conditionsin the Options
box. (wisrotation about first axis, @is rotation about second axis, K is

rotation about third axis):

Requirement Numerical conditions

1. Axisforced perpendicular to x axis of wnot fixed
base system $=0
(Axisisparallé to yz plane of base K not fixed
system)

2. Axisforced perpendicular toy axis of w=0
base system ¢ not fixed
(Axisis parallel to xz plane of base K not fixed
system)

3. Axisforced perpendicular to z axis of EITHER OR
base system wnot fixed w=172
(Axisisparallel to xy plane of base b =172 ¢ not fixed
system) k not fixed Kk not fixed

4. Axisforced parallel to x axis of base w=0
system ¢ =12

K not fixed

5. Axisforced parallel to y axis of base w=T172

system $=0
K not fixed

6. Axisforced parallel to z axis of base w=0

system $=0
K not fixed
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10.14.3 Sample results for CONE

Best-Fit Solution
Shape ID: | COME
LCloze |
Comment: I
¢¢ Back |
Total BkS Errar: 0395 [mim)] FEAM Errar: 951.331
GeleatlD., |
Deviation Summary: Fadral [esratiam Sunmmars
.. Parameters. .. |
Minimal: | DE7E | [mm]
Maximal: | 0663 | [rnm] Wiew Add. F'tsl
Range: | 1340 | [rra] Eiitit |
AMS: | 0395 | [rm]
Help |
PaintDeviations | d¢ | d¢ | & | DEv [ =
Cone/Paint1 0.065 -0.000 0.01 0.065
Cone/Paint2 0325 -0.583 0109 -0.676
Cone/Paint3 0.E08 0.0eg 0100 -0.620 |
Cone/Paintd 0163 0.026 0.027 01E7
Cone/Pointd -0.001 0.0za -0.005 0.0za
Cone/Paints -0.086 0.009 no14 -0.087
Cone/Paint? 0148 noia 0.024 0151 LI
Store Origin az Paint: Store Axiz az Wectar:

10.14.4 Solution for CONE

Point deviations

This shows the individual coordinate residuals of the fitted pointsin the
currently active coordinate system. In the column labelled "DEV" the
residuals are given as perpendicular offsets from the surface of the cone. A
positive perpendicular offset is away from the cone axis. See "Djagram: Fit |

{o CONE[ on page 141. |

Parameters button
The Par ameter s button calls up the standard dialogue box for parameters.

Size/Form
The displayed "slope" value is the apex angle of the cone.

View add. pts. button

Click this button to reach the Point offsets dialogue box for calculating
offsets of other points not included in the shape fit.
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10.15 Paraboloid

Par aboloid command (Analyse menu) Alt,A,O
"Create paraboloid"

This function creates a best fitting paraboloid to a selected set of points
using the method of |east squares.
Dialogue box options are not fully detailed here. See "Shape fitsin _|
@gﬂn page 134 for full details.

Note
A minimum of 6 points required.

Shortcuts
Palette 1: 1)
Keys: CTRL+7

10.15.1 PARABOLOID dialogue box

PARABOLOID Bestfit

Shape 10 I Solve

Cl
[ apply Oifzet Carections e

Approximation tethod Select D,

¥ Setup Points Optionz

" Entered Parameters

duildd

Help
Current Selection: Setup Paoints:

- |F: DEFAULT Apaint&01

- |P: DEFALLT Apointe02

. |F: DEFALILT #pointE03

- |P: DEFALLT #pointe04

F: DEFAULT /pointe05 - |F: DEFALLT fpointE05

F: DEF&ULT /pointG06 . |F: DEFALLT #pointE06&

F: DEFAULT /pointB07 5 9
F: DEFAULT /pointG02 —I J
F: DEFAULT Apaint&03

[P DEFALLT pointe02
F: DEF&ULT /pointG03
F: DEFAULT /pointE04

o b P

.y [ Append to Selection

i o e

Setup Points

A paraboloid requires 5 setup points. Thefirst 3 should be located
approximately on a circular section of the paraboloid. The 4th. and 5th.
points should be at different axial heights and not at the height of the first
3.
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10.15.2 Options for best-fit PARABOLOID
The standard dialogue box for best-fit shape optionsis used.

Size/Form

The parameter that may be fixed is labelled "focus'. The entered value
should be the distance from the vertex to the focal point.

Fixing rotational values for a PARABOLOID fit

To force the paraboloid's axis into a particular direction with respect to the
base coordinate system, fix the following standard conditionsin the

Options box.

(wisrotation about first axis, @is rotation about second axis, K is rotation

about third axis):

Requirement Numerical conditions

1. Axisforced perpendicular to x axis of w not fixed
base system $=0
(Axisis parallel to yz plane of base K not fixed
system)

2. Axisforced perpendicular toy axis of w=0
base system ¢ not fixed
(Axisis parallel to xz plane of base K not fixed
system)

3. Axisforced perpendicular to z axis of EITHER OR
base system wnot fixed w=172
(Axisisparallel to xy plane of base b =172 ¢ not fixed
system) k not fixed Kk not fixed

4. Axisforced parallel to x axis of base w=0
system b =172

K not fixed

5. Axisforced parallel to y axis of base wW=T172

system $=0
K not fixed

6. Axisforced parallel to z axis of base w=0

system b=0
K not fixed
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10.15.3 Sample results for PARABOLOID

Best-Fit Solution
Shape [D: | PARABOLOID
LCloze |
Comment: I
<¢ Back |
Total BkS Errar: 0298 [rnimn] FEAM Errar: RET 318
GeleatlD., |
Deviation Summary: Fadral [Mesratiam Sunmmars
.. Parameters... |
Minimal: | 0877 | [mm]
Maximal: | 08z | [rrire] Wigw Add. F'tsl
Range: | 1690 | [rra] Eiitit |
Rikd5: | 0298 | [mm]
Help |
Paint Deviations | o | or | && [ DEV | -
Paraboloid/Parabolz:1 -0.022 0,000 0034 041 L
Parabaloid/Parabaol2: 2 0,263 Q117 0897 0BR3
Parabaloid/Parabaol2: 3 -0.004 oore 0097 0125
Parabaloid/Parabal2: 11 0004 onzz 0097 0100
Parabaloid/Parabal2:12 -0.002 0.038 0170 0174
Parabolod/Farabol2 13 0016 017 0.ae0 0877
Parabaloid/Parabolz: 14 -0.002 -0.028 0124 0127 LI
Store Ongin az Paint; Store Mormal az Wector;

10.15.4 Solution for PARABOLOID

Point deviations

This shows the individual coordinate residuals of the fitted pointsin the
currently active coordinate system. In the column labelled "DEV" the
residuals are given as perpendicular offsets from the surface of the
paraboloid. A positive perpendicular offset is away from the axis of the
paraboloid. See "Diagram: Fit to PARABOLOID" on page

Parameters button

The Parameter s button calls up the standard dialogue box for parameters
which is modified with an additional button for focal point coordinates.

Size/lForm
Shows the distance of the focal point from the vertex.

Focal point button

This displays the coordinates of the focal point in the currently active
coordinate system, for example:
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Axyz |
@ Focuz paint:
< 1007 43017 [mam]
& 3626.9050 [mn]
& -0.8304 [minn]

View add. pts. button

Click this button to reach the Point offsets dialogue box for calculating
offsets of other points not included in the shape fit.

10.16 Intersect

I nter sect command (Analyse menu) Alt,AE
"I ntersection of two elements’

The functions contained here permit the user to intersect many paired

combinations of shape axes and standard shape surfaces in order to

generate intersection points and further shapes. The general operations are:

* Intersection of lineswith linesto create the closest point of intersection

* Intersection of lineswith al standard shape surfaces to create points

* Intersection of planes with some standard shape surfaces to create new
points and shapes. (Permitted surfaces are plane, circle, sphere,
cylinder.)

Complex intersections such as a conical surface intersected with a
parabolic surface are not available. Only intersections which result in
standard Axyz geometric elements are provided. All results can be stored
as either points or standard shapes in the currently active workpiece.

Tolerances on the intersection of lines and parallelism of lines and planes
can be defined. See "Analysis Warnings']on page 36. IThese are used to
produce warning messages and may prevent calculation of aresult if
exceeded by defined amounts.
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Notes

Lines and axes are equivalent. An axis can be specified by selecting any
standard shape or reference system. In either case the corresponding z

axisis assumed.

Vectors cannot be used in these procedures as they neither define an axis
(direction + position) nor a surface.

Shortcuts

Palette 2:
Keys:

&l

CTRL+

10.16.1 Intersect dialogue box

The dialogue box is used to specify the elements to be intersected and for
presenting the results.

| nter sect dialogue box after calculation of solution:

Intersection

Element 1: |PL-201 PLANE
Element 2 [5P-421 SPHERE Oise |
Type Eifit |
~ . :
Shape bz - Shape Axis Select D... |
' Shape Agiz - Suface
i~ Surface - Suface Help |
Store as: | POINT I &nd Saluiors
— Paint = Hatatiamsna es
e 03683 [m] [ [ideq]
%" 29995 [m] i [dea]
2 20908 [m] i [dea]
Diztance: 0.3472 [m] Sales [dea]

In this sample screen, note that PLANE + SPHERE resultsin a POINT
because the axis of the plane has been intersected with the surface of the

sphere.

182

Cdm.doc 31/1/00



Axyz Ver. 1.4 CDM SOFTWARE REFERENCE

Element 1, Element 2

Enter the identifiers for the selected elements here, or use Select ID to
choose them.

Type

Shape axis - shape axis

Produces an intersection between lines by taking the z axis from element 1
and z axis from element 2.

The normal result is apoint.

For more details, see "Iptersection: Axis - Axis™ pn page 135,

Shape axis - surface
Produces an intersection between the z axis of element 1 and the surface of
element 2.

The normal result is one or two points.

For more details, see "Ihtersection: Axis - Surface” bn page 186

Surface - surface
Produces an intersection between the surface of element 1 and the surface
of element 2.

The normal result can be a point or one of the standard shapes.
For more details, see " Intersection: Surface - Surface|on page 1b1 ]

Note

The order of the elements must conform to the pairings listed in the
introduction. For example, PLANE - SPHERE is accepted but SPHERE
- PLANE is not accepted.

Store as:

To save the result, an existing or new name is entered here, or Select ID is
used to choose one. The type of element generated automatically appears
to the right. This depends on the intersecting elements and the type of
Intersection chosen.
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Point

These are either the coordinates of a point of intersection or the
coordinates of the origin of a shape which results from the intersection.

2nd Solution

Select (or toggle) this box to see the results of a second (the alternate)
point of intersection, if available.

Rotation angles

These define the local axes of any shape which results from the
Intersection.

Distance

The distance is equivalent to the following parameters:
Equivalent parameter I nter section

Intersection offset any shape axis - any shape axis

Perpendicular offset of centre of any shape axis - SPHERE
sphere from intersecting line

Radius of intersection circle PLANE - SPHERE

0.0 default result for any other intersections.
Angle

The angle is equivalent to the following parameters:

Equivalent parameter I nter section

Angle between planes PLANE - PLANE

0.0 default result for any other intersections.

Solve / Save button
To request a new calculation of results click on the Solve button.

If the results are successful, the button label changesto Save. Click on this

button to save the result. An ID for the result must be entered using the
Store Asinput box.
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Note

If the intersection tolerance is exceeded when intersecting lines or axes,
the result will be computed but saving the resulting POINT will not be
permitted. The button label will not changeto "Save" inthiscase. To
store the point, the "bisect" function is used instead. See "Hisect" bon

page 2p4. |

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see " OR-Tine output™ jon page 39]

Close button
Use this button to exit from the function.

10.16.2 Intersection: AXxis - AXis

Intersection diagram: Line - Line

8

Results of intersection: Line - Line
Thisis equivalent to Shape Axis— Shape AXxis
Normal

I ntersection point M
Intersection offset (half the line separation)

Cdm.doc 31/1/00 185



CDM SOFTWARE REFERENCE Axyz Ver. 1.4

Parallel lines (within angle tolerance)

Since parallel lines have no intersection point, the perpendicular
connection calculation starts by default at origin O, and generates an
"Intersection" point near this position.

L ack of intersection

Ideally lines or axes intersect at a single point. In practice, they never
Intersect exactly and there will always be a small gap between their closest
points. The intersection point, M, is chosen midway between these two
points and the intersection offset is half their separation.

The intersection offset (half the line separation) is compared with the
tolerance value to produce the following results:
» Offset less than tolerance value:

Result calculated, no message
» Offset 1x - 2x tolerance:

Result calculated, warning message "Intersection tolerance exceeded"
o Offset > 2x tolerance:

Result not calculated, warning message " Tolerance exceeded"

If the lines are far apart and aresult is still required, then the "Bisect"
function should be used. See " B on page 2(4.]

10.16.3 Intersection: Axis - Surface

186

Intersection diagram: : LINE - PLANE

Results of intersection: LINE - PLANE

Normal
| ntersection point
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Lineparallel to plane (within angle tolerance)
Warning message, no result.

Note

If the lineis not parallel to the plane but forms a small angle with it, the
Intersection point may be very distant and have large coordinate val ues.

Intersection: LINE - CIRCLE
Asfor LINE - PLANE

The plane of the 3D circleis used.

Intersection diagram: LINE - SPHERE

Results of Intersection: LINE - SPHERE

Normal

Two intersection points

Offset distance D isthe closest distance between the line and the sphere
centre.

Axis (line) tangential to sphere
One contact point, offset distance D =R

Axisoutside sphere
No result “No intersection available!”
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Intersection diagram: LINE - CYLINDER

ISCTLNCY.WMF

Results of intersection: LINE - CYLINDER

Normal

Two intersection points

Offset distance D isthe closest distance between the line and the cylinder
axis.

Axis (line) tangential to cylinder (except parallel to cylinder axis)
One contact point

Axis (line) outside cylinder
No result

Axis (line) anywhere and parallel to cylinder axis
No result
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Intersection diagram: LINE - CONE

Intersection on both Intersection on one
sides of cone pair side of cone pair

Results of intersection: LINE - CONE

Normal
Two intersection points

Axistangential to surface of cone
One contact point

Axison surface of cone (generating line of cone)
No result.

Axisthrough apex of cone

One contact point identical with apex
AXxis outside cone

No result

Note

The equation of a cone applies to either side of the apex and the
Intersection points may not therefore lie on one side only.
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Intersection diagram: LINE - PARABOLOID

Results of intersection: LINE - PARABOLOID

Normal
Two intersection points

Axistangential to surface of paraboloid
One contact point

Axisthrough apex of paraboloid
One contact point identical with apex

Axis outside paraboloid
No result
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10.16.4 Intersection: Surface - Surface

Intersection diagram: PLANE - PLANE

Plane 2

Plane 1

z is positive
i/ into the page

z is positive
out of the page

. Z4
Intersection angle

Results of intersection: PLANE - PLANE

Normal
Line of intersection
Angle between normal vectors (acute or obtuse, depending on direction)

Planes parallel within angle tolerance
Warning message, no result.

Intersection diagram: PLANE - CIRCLE
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Results of intersection: PLANE - CIRCLE

Normal
Two points of intersection

Plane tangential to circle
Tangent point

Plane outsidecircle
No result

Intersection diagram: PLANE - SPHERE

Intersection: PLANE - SPHERE

Normal
Circle of intersection
Radius of circle

Plane tangential to sphere
Tangent point

Plane outside sphere
No result

Cdm.doc 31/1/00



Axyz Ver. 1.4 CDM SOFTWARE REFERENCE

10.17 Perpendicular

Perpendicular command (Analyse menu) Alt,A,U
"Creates perpendicular element”

This choice offers arange of perpendiculars which can be calculated
between many paired combinations of points, shape axes and standard
shape surfaces.

The result of a calculation is the perpendicular offset distance and the
parameters of the corresponding 3D line. The general operations for
computing perpendiculars are:

* From pointsto lines

» Between pairs of lines

* From points to standard surfaces

Notes

» Linesand axes are equivalent.

 Points can be any standard point, any shape origin or any coordinate
System origin.

* A line can be the z axis of any reference system or standard shape.

» A surface may be chosen from any of the standard shapes except for
CIRCLE.

» Vectors cannot be used in these procedures as they neither define an
axis (direction + position) nor surface.

Shortcuts
Palette 2: b
Keys: CTRL+U
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10.17.1 Perpendicular dialogue box
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The dialogue box is used to specify the elements used in the calculation
and for presenting the results.

Perpendicular x| |
From: IpuintElElE POINT
Ter |cv511 CYLINDER Close |
-~ Type Erifit |
& Poirt . )
Foint - Shape Az SelectID... |
& Paint - Shape Surface
™ Shape &z - Shape Axis Help |
Stare az: || LIME
— Origin Coordinates Fatation Angles
A 29937 [m] R 39,9870 [deq]
T 299333 [m] Ry: 0.0400 [deq]
& -0.4998  [m] Rz 00000 [deqg]
Distance: 04933 [m]

From / To input boxes

The perpendicular is calculated from one element to a second element.
Type the names of the corresponding elements or use Select I D to choose
them from the database.

Type
Point - shape axis
Produces a perpendicular line from a point to a shape axis or line.

Point - shape surface
Produces a perpendicular line from a point to a shape surface.

Shape axis - shape axis
Produces a perpendicular line from the first axis to the second axis.

Store as:

If the resulting lineisto be saved, an existing or new name is entered here,
or Select 1D is used to choose one.
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Origin coordinates
These are the coordinates of the origin defined for the perpendicular line.

Rotation angles

These are the rotation angles of the local axes defined for the
perpendicular line, with respect to the currently active system.

Distance
Thisisthe length of the perpendicular between the specified elements.

Solve / Save button
To request anew calculation of results click on the Solve button.

If the results are successful, the button label changesto Save. Click on this
button to save the result. An ID for the result must be entered using the
Store Asinput box.

Print button

The Print button is activated by the option Prlnt on request” and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see "Oh-line output”

10.17.2 Perpendicular combinations

Perpendicular diagram: POINT - LINE

8

P2

U4

P
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Perpendicular: POINT - LINE

Normal
Offset distance d, LINE of perpendicular

Point lieson axis
No result.

Parameters of perpendicular line
The origin is the offset point P,
Thelocal z axis (vector U,) points from P; towards the shape axis.

Local x,y axes are derived from X,Y axesin the base system. X,Y,Z axes
of base system are rotated about X and Y to point the Z axis along the
perpendicular line. Rotated X,Y axes of base system then represent the
local x,y axes of theline.

Perpendicular diagram: POINT - PLANE

Results of perpendicular: POINT - PLANE

Normal
Line calculated from offset point towards surface of plane.
The offset point isthe origin of the line.

Offset point lieson plane
No perpendicular is calculated in this case.

Parameter s of perpendicular line
Originis at the offset point.
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Local z axisis positive from the offset point towards the plane. The
distance is shown as positive when the offset point ison the +Z axis side
of the plane and negative when on the —Z axis side of the plane.

Local x,y axes are derived from X,Y axesin base system. X,Y,Z axes of
base system are rotated about X and Y to point the Z axis along the
perpendicular line. Rotated X,Y axes of base system then represent the
local x,y axes of theline.

Perpendicular diagram: POINT - SPHERE

U4
P4

Results of perpendicular: POINT - SPHERE

Normal

If the point lies outside the sphere, the line is positive towards the centre
and the distance is shown as positive.

If the point lies inside the sphere, the line is positive away from the centre
and the distance is shown as negative.

Offset point isat centre of sphere

No perpendicular is calculated in this case. (Infinite number of
possibilities.)

Offset point lies on surface of sphere

No perpendicular is calculated in this case.

Parameters of perpendicular line
The origin is the offset point.
Thelocal z axisis positive as indicated above.

Local x,y axes are derived from X,Y axesin base system. X,Y,Z axes of
base system are rotated about X and Y to point the Z axis along the
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perpendicular line. Rotated X,Y axes of base system then represent the
local x,y axes of theline.

Perpendicular diagram: POINT - CYLINDER

C =

\_/\
Results of perpendicular: POINT - CYLINDER

Normal

If the point lies outside the cylinder, the line is positive towards the axis
and the distance is shown as positive.

If the point liesinside the cylinder, the line is positive away from the axis
and the distance is shown as negative.

Offset point ison axisof cylinder

No perpendicular is calculated in this case. (Infinite number of
possibilities.)

Offset point lies on surface of cylinder
No perpendicular is calculated in this case.

Parameters of perpendicular line
The origin is the offset point.
Thelocal z axisis positive as indicated above.

Local x,y axes are derived from X,Y axesin base system. X,Y,Z axes of
base system are rotated about X and Y to point the Z axis along the
perpendicular line. Rotated X,Y axes of base system then represent the
local x,y axes of the line.
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Perpendicular diagram: POINT - CONE

Results of perpendicular: POINT - CONE

Normal

When the offset point lies on the +Z axis side of the cone, the nearest part
of the surface is chosen. The lineis positive from the offset point towards
the surface of the cone. The distance is shown as positive if the offset point
lies outside the cone and negative if the offset point lies inside the cone.

Offset point lies on the—Z axis side of cone
No perpendicular is calculated. Message shows “Point on wrong side of
cong”’

Offset point ison axis of cone
No perpendicular is calculated in this case. (Infinite number of
possibilities.)

Offset point lies on surface of cone
No perpendicular is calculated in this case.

Parameter s of perpendicular line
The origin is the offset point.
Thelocal z axisis positive as indicated above.

Local x,y axes are derived from X,Y axesin base system. X,Y,Z axes of
base system are rotated about X and Y to point the Z axis along the
perpendicular line. Rotated X,Y axes of base system then represent the
local x,y axes of theline.
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Perpendicular diagram: POINT - PARABOLOID

focus
[ ]

Results of perpendicular: POINT - PARABOLOID

Normal

Thelineis positive from the offset point towards the surface of the
paraboloid.

If the offset point isinside the paraboloid, the nearest part of the surfaceis
chosen.

Offset point ison axis of paraboloid
There are an infinite number of possibilitiesin this case. Oneis chosen
such that the perpendicular lineliesin thelocal zy plane of the paraboloid.

Offset point lies on surface of paraboloid
No perpendicular is calculated in this case.

Parameters of perpendicular line
The origin is the offset point.
Thelocal z axisis positive as indicated above.

Local x,y axes are derived from X,Y axesin base system. X,Y,Z axes of
base system are rotated about X and Y to point the Z axis along the
perpendicular line. Rotated X,Y axes of base system then represent the
local x,y axes of theline.
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Perpendicular diagram: LINE - LINE

Length of

perpendicular

Perpendicular
between parallel lines

O

Results of perpendicular: LINE - LINE

Normal
Offset distance, LINE of perpendicular

Normal parametersof perpendicular line

The diagram shows lines 1 and 2 with origins at O, and O,. The feet of the
perpendicular between the lines are at P; and P, and the intersection point
M is midway between them.

The origin of the perpendicular lineisat P;
Local z axisis positive from Py to P,.

Local X,y axes are derived from X,Y axesin base system. X,Y,Z axes of
base system are rotated about X and Y to point the Z axis along the
perpendicular line. Rotated X,Y axes of base system then represent the
local x,y axes of theline.

Axesintersect at a point
No result.

Parallel lines

If lines 1 and 2 are parallel there are an infinite number of perpendicular
lines between them. By default a perpendicular line is then chosen with
origin at O, and direction vector towards line 2.
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Parameters of perpendicular line between two parallel lines
Originisat Oy, the origin of thefirst line.
Local z axisis positive from line 1 towards line 2.

Local x,y axes are derived from X,Y axesin base system. X,Y,Z axes of
base system are rotated about X and Y to point the Z axis along the
perpendicular line. Rotated X,Y axes of base system then represent the
local x,y axes of theline.

10.18 Parallel

Parallel command (Analyse menu) Alt,AR
"Create parallel element”

This function creates one of the following:

* A linethrough a specified point which is parallel to another line or the z
axis of any shape or coordinate system.

» A plane through a specified point whose normal is parallel to another
line or the z axis of any shape or coordinate system.

Note

A plane whose normal is parallel to a specified direction can also be
regarded as a plane whose surface is perpendicular to the specified
direction. If the specified direction is the z axis of another plane or
circle, this function can be used to create a new plane which is parallel
to the chosen plane or circle

Shortcuts
Palette 2: 7
Keys: CTRL+R
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10.18.1 Parallel dialogue box

Parallel |
Drigin Faint; | Solve |
Referance Agis: I Close |

Tvpe it |
 Line " Plane
Seleshibl. |

Staore az: I

Origin Coordinates Fiotation Angles

e [rorn] R [deq]

¥ [rorn] Ry [deq]

£: [rorn] Rz [deq]
Origin Point

Enter the name of the point through which the new line or plane must be
fitted, or use Select 1D to choose the point from the database. Thiswill be
the new shape's origin.

Reference axis

Enter the name of the shape or coordinate system whose Z axis defines the
direction of the new line or plane normal, or use Select I D to choose it
from the database.

Type

Line

Create aline through the selected point parallel to the selected shape axis.
Plane

Create a plane through the selected point whose normal is paralel to the
selected shape axis.

Store as:
To save the resulting line or plane, an existing or new nameis entered

here, or Select I D is used to choose one.

Solve / Save button
To request a new calculation of results click on the Solve button.

Cdm.doc 31/1/00 203



CDM SOFTWARE REFERENCE Axyz Ver. 1.4

If the results are successful, the button label changes to Save. Click on this
button to save the result. Enter an ID for the result using the Store As
Input box.

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see "Op-line output™ on page 3]

Origin coordinates

These are the coordinates of the origin defined for the new line or plane,
with respect to the currently active coordinate system. The point that
defines the location of the new line or planeis also used as the origin and
these are therefore its coordinates.

Rotation angles

These are the rotation angles that correspond to the local axes defined for
the new line or plane, with respect to the currently active coordinate
system. All 3 axes of the new line or plane are set parallel to the axes of
the element used to define its direction.

10.19 Bisect
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Bisect command (Analyse menu) Alt,AB
" Create bisecting element”

Bisecting elements are centre points, centre lines or centre planes and can
be calculated for the following combinations:
1. Point - point

(result is a point)
2. Point - shape axis (line)

(z axis of any standard shape or reference system, result is a point)
3. Point - plane

(result is a point)
4. Shape axis - shape axis (line - line)

(z axes of any standard shape or reference system, result isaline)
5. Shape axis - plane (line - plane)

(z axis of any standard shape or reference system, result isaline)
6. Plane - plane

(result isaplane)
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Shortcuts
Palette 2: =
Keys: CTRL+B
10.19.1 Bisect dialogue box
Bisect
Element 1 ||
Element 2: I Close |
Type [Erirt |
% Point - Point = Shape Agis - Shape Asis
= - Select ID...
" Point - Shape Axis  © Shape Axis - Plane _—I
= Pairt - Plane ' Flane - Plane Help |
Store as; I
— Origin Coardinates Fiatation Angles
e [rim] Fix: [dedq]
i [rrrn] Ry [deq]
= [rim] Rz [dedq]
Distance: [rim]

Element 1, Element 2

Enter the names of the two elements whose bisector is required or use
Select I D to choose them from the database.

Type
Point - Point
Create mid point between 2 points

Point - Shape axis
Create mid point of perpendicular from point to shape axis.

Point - Plane
Create mid point of perpendicular from point to plane.

Shape axis - Shape axis
Create bisecting line between 2 axes.

Shape axis - Plane
Create bisecting line between line and plane.
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Plane - Plane
Create bisecting plane between 2 planes.

Store as:

To save the resulting point, line or plane, an existing or new nameis
entered here, or Select 1D is used to choose one.

Solve / Save button
To request a new calculation of results click on the Solve button.

If the results are successful, the button label changesto Save. Click on this
button to save the result. Enter an ID for the result using the Store As
input box.

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see "Of-line output" bn page 3

Origin coordinates

The coordinates of the origin of the calculated bisecting element are
displayed here in the currently active coordinate system. The diagrams
following show the location of the origin.

Rotation angles

The rotation angles of the axes calculated for the new bisecting element are
displayed here in the currently active coordinate system.

Distance

Some calculations for bisecting elements also generate a relevant distance
value. Thisis shown on the corresponding diagrams.
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10.19.2 Bisector combinations

Bisector: Point - point

This generates the following:
* A point M mid way between the two given points.
» Thedistance d from the mid point to either end point.

Bisector diagram: Point - shape axis (line)

8

Results of bisector: Point - shape axis (line)

This function creates a point between a point and a line that can be the
shape axis or z axis of any standard shape or reference system.

The new point M is midway between the offset point and the foot of the
perpendicular from this point to the axis.

The distance d between the mid point and the offset point (or foot of
perpendicular) is also calculated.
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Bisector diagram: Point - plane

Results of bisector: Point - plane

A point M which is midway between the offset point and the foot of the
perpendicular from this point to the plane.

The distance d between the mid point and the offset point (or foot of
perpendicular).

Bisector diagram: Shape axis - shape axis

Distance offset

a) Bisector of axes: simple case b) Bisector of axes: general case

Results of bisector: Shape axis - shape axis

This function creates a bisecting line between two lines or axes which may
be the z axes of any standard shape or reference system.
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Each line or axisis defined by an origin point O; and a unit direction vector
U;. The bisecting line has a unit direction vector U,,whose direction is the
average of the unit direction vectors of the two lines.

In asimple case both defining lines intersect at asingle point M which is
conveniently taken as the origin point for the bisecting line. The bisecting
line makes equal angles with the defining lines and liesin the plane
defined by the lines.

In practice the defining lines do not intersect. The origin point of the
bisecting line is then the midpoint of the connecting perpendicular between
them.

Parametersof line

Originat M

Local z axis defined by bisecting line (unit vector U,,)

Local x,y axes are derived from X,Y axesin base system. X,Y,Z axes of
base system are rotated about X and Y to point the Z axis along the
bisecting line. Rotated X,Y axes of base system then represent the local x,y
axes of the line.

Bisector diagram: Shape axis - plane

&
N
OL\/

Results of bisector: Shape axis - plane

This function creates a line between an axis and a plane. The specified axis
may be aline or the z axis of any standard shape or reference system.

Normal

The chosen axis will intersect the plane at an oblique angle. The
Intersecting axis will have a projected component in the surface of the
plane. The new line has its origin at the point of intersection P of line and
plane surface and its direction is the bisecting vector U,, between the
specified line and its projected component in the specified plane.

Cdm.doc 31/1/00 209



CDM SOFTWARE REFERENCE Axyz Ver. 1.4

210

Axisparallel or near parallel to plane (within tolerance)

In this case the origin of the new bisecting line is the mid point P of the
perpendicular of the origin O, of the selected line from the surface of the
selected plane. The direction of the new lineis calculated asin the normal
case.

Axis perpendicular to plane
No result.

Parameter s of bisecting line
Originat P
Local z axis along the bisecting line

Local x,y axes are derived from the local X,y axes of the plane. Local x,y,z
axes of plane are rotated about x and y to point the local z axis along the
bisecting line. Rotated X,y axes of plane then represent the local x,y axes of
theline.

Bisector diagram: Plane - plane

Plane 1

Plane 2

Bisecting
plane 3

Results of bisector: Plane - plane

Normal

The planesintersect in aline. The new plane passes through thisline. The
new origin Oz isthe mid point of the feet of the perpendiculars P;, P, from
the origins Oy, O, of the selected planesto the line of intersection. The axis
of the new plane is directed along the bisecting vector between the axes of
the two specified planes.
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Parallel planes
No result.

Parameter s of bisecting plane
Origin at Ps, mid-way between P; and P..
Local z axisis Z; which is never more than 45° away from Z,.

Local x,y axes are derived from X,Y axesin base system. X,Y,Z axes of
base system are rotated about X and Y to point the Z axis along the
bisecting line. Rotated X,Y axes of base system then represent the local x,y
axes of theline.

10.20 Projection

Projection command (Analyse menu) Alt,A\W
"Projection of apoint normal to a shape surface"

This function cal culates the projection of a point onto a standard shape.
The projected point is the foot of the perpendicular from the specified
offset point to the nearest part of the shape's surface.

The calculation can be made for combinations of any point from the
measurement area to any of the standard 7 shape surfaces (Line, Plane,
Circle, Cylinder, Sphere, Cone, Paraboloid).

Shortcuts
Palette 2: i
Keys: CTRL+W
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10.20.1 Projection dialogue box
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The dialogue box is used for input and presentation of results.

X

Projection | x| |

Paint to project: IEu:uIani.-"F'cuintE POIMT Save

To Element: IF'aral:nnlnid.-"F'araI:u:uIE PARABOLOID Cloze

Eiat:

Store az: IDefault.-"F'-:uint-tu:u-paral:u:ulu:uid POIMT
Select 1D

— Point Coordinates

p L I

5 829615 [mm] Help
- 178.354  [mm]

Diztance:
z -293.300 [mm] | -392533  [mm]

Point to project

Enter the name of the offset point to be projected onto the shape or choose
from the database with Select I D (right click or button).

To element

Enter the name of the shape element to which the point is projected or
choose from the database with Select ID (right click or button).

Store as
Provide a name for the projected surface point, if it isto be stored.

Point coordinates

Calculated coordinates of the projected point on the shape's surface are
shown here.

Distance
Separation between offset and projected point is shown here.

Solve/Save button

Click the Solve button to make the calculation.
Click the Save button to store the projected point.
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10.21 Hidden Point

N\ I /
0%

Concepts

Hidden point command (Analyse menu) Alt,AH
"Hidden point calculation”

This function enables hidden points to be computed off line by manually
identifying measured targets on a hidden point device. When used in this
way, any names can be used for the device points (offset targets).

Hidden point devices are identified by anumerical ID and each target on
the device (device point) also has anumerical ID. The user ssimply "maps’
the names of the measured targets onto the corresponding device points.
For example, target "ABC" corresponds to point “3" on hidden point rod
number "25". When sufficient points have been mapped in thisway (2 on a
linear rod, 3 or more on aframe) the hidden point can be computed.

The function aso enables existing on-line computations of hidden points

to be re-calculated. This has a number of potential uses. For example:

 Point coordinates have been changed by an updated orientation (bundlie
adjustment)

» To test the effect of removing points from a non-linear device, assuming
EXCeSs points were measured

» Tore-calculate, with the correct temperature, because the temperature at
time of measurement was incorrectly recorded.

Shortcuts
Palette 2: =
Keys: CTRL+H
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10.21.1 Hidden point dialogue box

Hidden point dialogue box for "ordinary" input points:

Hidden Point H|
— Input Paints
Solve
& Ordinany Paint ID: I
LCloze |
" Device Comment: I
Eiint |
— Device
Select 1D
1o 1 LIMEAR Iemperature:l [C] _—l
Uelete |
Commet:
Help |
Bk Error: xgiryl|

Device Paints Azsignment:

1 DEFAULT/HP-OFS1
DEFAULT/HP-OFS2

— Hidden Paint Coordinates

% T
v T
Z [rrirn]

Alternative inputs for "Ordinary points' and "Device points':

"Ordinary points” selected

Device Points Azsignment:

DEFAULT/PT-6201
5 | |DEFAULT/PT-E20-5

"Device points” zelected

Device Points:

[ default/pointE20:5

Alternative button assignments:

Hidden point dialogue box: button assignments

Quemy I | Salve I
Close | Clase | Close |
Prirt | Efirit | Prirt |
Select 1D | Select [D... | Select 1D |
[elete | Delete | Beset |
Help | Hop | Hep |
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Input points
Select the type of points that will be used in the calculation.

Device
Choose existing device points, obtained from a hidden point measurement
made on line, in order to modify the result

Ordinary
Choose ordinary points to calculate hidden points off line.

Point ID

If the input points are device points, choose an existing point of type
"hidden" which has points of type "device points' associated with it. The
associated device points will then be automatically listed in the box
labelled "Device points".

If the input points are ordinary points, choose a valid name for the hidden
point to be computed.

Comment

Enter atext description hereif required. It will be stored with the hidden
point.

Device - ID

If device points are chosen, the ID number of the corresponding device
will automatically appear here and cannot be altered.

If ordinary points are chosen, enter the ID number of the device used in the
measurement or choose it using Select I1D.

When a device has been identified, the descriptive text LINEAR or NON-
LINEAR will indicate its general type.

Device - Temperature

An average recorded or default temperature of measurement appears here.
This can be modified to a different value and the dimensions of the device
will be correspondingly adjusted, depending on the defined coefficient of
expansion.
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Temperatureisonly relevant to linear devices and will only initially appear
If existing device points are chosen.

If ordinary points are chosen to be mapped onto device points, temperature
isinitially greyed out until the first calculation is made. It may then be
altered for a subsequent calculation.

Device - Comment
Descriptive text associated with the device appears here.

RMS error / MEAN error

If anon-linear hidden point frameis used, aleast squares, best fitting
transformation is computed between the local coordinate system of the
frame and the coordinate system of measurement.

Depending on the general settings option, the quality figure produced by
this transformation is either the RM S value or the Mean error (variance
factor).

Unexpectedly large values may indicate that one of the offset targets
(device points) has been badly measured.

Device points

If device points are input, the device points corresponding to an existing
hidden point measured on line will appear here.

If anon-linear device was used and more than 3 offset points measured,

excess points can be deleted by highlighting and pressing the Delete
button, before requesting a re-cal culation with the Solve button.

Device points assignment
If ordinary points are input, this box has two sections.

The left hand section will initially and automatically show alist of all
device point numbers associated with the currently selected device.

The right hand box shows the selection made when the user clicksin the
box and uses Select 1D to choose the measured targets.
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To obtain a correct assignment which matches the selected targets with the
correct device point number you can highlight an unused device point by
clicking on it and pressing Delete.

To complete the match, the selected targets must appear in the same order

as the device points used. 3 methods exist to do this:

1. When choosing the points with Select I D, their order can be selected by
<CTRL> + left mouse click

2. Re-position a point in the list by clicking to highlight it, then change its
position in the list using <CTRL>+UP/DOWN arrows

3. Re-position apoint in the list by clicking and dragging it to a new
position on the list

Hidden point coordinates

If existing device points are chosen, the existing hidden point coordinates
areinitialy displayed here and "greyed out". For a new calculation this
areaisinitially blank.

After acalculation has been requested with the Solve button, revised or
new hidden point coordinates are then displayed here in normal text.

Query button

When device points are selected as input data, the Query button is used to
access and display the actual device points when an existing hidden point
ismanually entered, or when arepeat calculation is required by using the
Reset button. For example, if you have a non-linear frame with an excess
number of measured offset targets, the effect of eliminating different ones
can be examined by using the sequence:

» Solve

» Reset (clear the device points used in calculation)

e Query (get all the device points actually measured)

» Delete (remove some of the device points)

e Solveagan

Solve / Save button

When adevice and its points have been specified, use the Solve button to
calculate the hidden point.
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If the calculation is successful this changesto a Save button to enable the
results to be saved.

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be
automatically sent. For full details, see " Op-Tine output™ pn page 3]

Cancel / Close button

The Cancel and Close buttons have the same effect, i.e. exit from the
routine with no further action.

Delete button

The Delete button is active when items are highlighted in the displays for
"Device points' or "Device points assignment” and there are more items
than the minimum required. The highlighted item may then be deleted
using this button or the "Delete" key on the keyboard.

Reset button

When a calculation is completed, the Reset button can be used to clear the
device points before starting a new computation. The hidden point ID is
not cleared since thisislikely to be used in order to evaluate the effect of
using different sets of device pointsto calculate the same hidden point.

10.22 Divide Line

218

Divide line command (Analyse menu) Alt,A\V
"Divide line into equidistant portions’

This function creates a set of equally spaced points along a line defined by
two existing points. The number of new pointsis specified and the spacing
method can be chosen in one of two ways:

1. The new points are equally spaced between the two existing points

2. The new points are equally spaced along the line at a defined interval
Any points or shape origins can be used to define the line.

Shortcuts
Palette 2: -~
Keys: CTRL+L
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10.22.1 Divide line dialogue box

Divide Line |
Starting Point; Imanip-1 m POIMT
Ending Paint: | manip-102 FOINT Close |
Number of Points: |3— it |
v Distarce from Starting Paint: | 1000000 [mm] Select |D... |

Starting |0 far Solution Paintz: Iu:li'-.f-a1

Digtance Between Points: 1000000 [rnm]

Fuirt | W | v o z |
DEF&AULT Adiv-al 00000 21000000 0.0000
DEFAULT Adiv-a2 00000 22000000 0.0000
DEFAULT Adiv-a3 00000 23000000 0.0000

Starting point / Ending point

Enter the names of the two points which define the line or use Select 1D to

choose them.

Number of points

Define the number of new points to be created.

Distance from starting point

Choose this option if the points are to be placed at a defined interval and
enter the corresponding positive or negative value. A positive distanceis
from the starting point towar ds the end point.

If this option is not selected, the new points will be equally spaced

between the start and end points.

Starting ID for solution points

The new points must be named in order to have a clear presentation of
results and to enable them to be saved. Choose a name for the first new
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point and the remaining points will automatically take the same name with
an incrementing numeric extension. For example, create 4 points:

Starting ID: DRILLHOLE1
Next IDs: DRILLHOLEZ2, DRILLHOLES, DRILLHOLE4

Note

Names may only have a maximum of 10 a-numeric characters so the
starting ID must either have |ess than 10 to allow space for the numeric
extension or must be given a numeric component which can be
Incremented.

Solve / Save button

When the division of the line has been specified, use the Solve button to
calculate the new points which are displayed in the columns Point, X, Y,
Z. Thefield Distance between pointsis also calculated.

After calculation the button changes to a Save button to enable the results
to be saved.

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be

automatically sent. For full details, see "On page 3

Distance between points

This shows the calculated distance between the new points. Thiswill be
the same value as a defined interval.

Results: Point, X, Y, Z

The new computed points and their coordinates are displayed here. They
are assigned to the currently active workpiece.
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Diagram: Division of line

100 units
25 units
@) ® ® ® @)
Start 1 2 3 End

Equally spaced between start and end points

+40 units

@ ® ® O
Start 1 2 End 3
Spaced at equal positive intervals

- 15 units

4—

@ Q) O

3 2 1 Start End

Spaced at equal negative intervals

The diagram shows an example of a start and end point separated by 100

units. A number of new equally spaced points (3 in the example) can be

defined in two different ways:

1. Between the start and end points so that they are separated by 25 unitsin
the example.

2. At equal intervals along the line from start point to end point. The
example shows 3 points with a positive interval of 40 unitsand a
negative interval of 10 units.

10.23 Single Point

/ \ Maths

for Users

Single point command (Analyse menu) Alt,A\l
"Calculate a single point from measurements’

This function permits a user to call up an existing point and the
measurements used to generate it. It isthen possible to re-calculate the
single point solution using al the measurements or a sub-set of them. By
selecting all, the user can examine the current solution in detail. By
selecting a sub-set the user can decide if a better solution is generated and
if so, the existing point coordinates can be overwritten.
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Thisfunction is aso useful where measurements have been imported using
a Leica REC module and the corresponding 3D point coordinates do not
yet exist

Note
A minimum of 2 measurements must be selected if anglesonly are
available.

Shortcuts
Palette 2: x
Keys: CTRL+S

10.23.1 Basic analysis technique

222

To evaluate measurements to an existing 3D point, the point is chosenin
the dialogue box or by pre-selection. The corresponding measurements are
automatically extracted for analysis.

If only measurements exist, and 3D coordinates do not yet exist, the
measurements are selected in the dialogue box or by pre-selection. These
should, of course, all relate to the same point, otherwise only the first
measurements in the list, which correspond to the same point, are accepted.
Since the measurement information also includes the point name, thisis
automatically extracted for recording purposes.
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10.23.2 Single point dialogue box
Single point dialogue box after solution and with RM S display:

Single Point Solution

Faint 1D: Iup'l l&l
LCloze
Dezcriptor: I —l
Select ID... |
RS Error: 0025  [mm] [E— |
— Paint Blint
Coordinates: RS Ermors: LI
i | 1736510 | 0.014442  [mm] Help |
L | 39306 | 0017161 [mm]
Z: | 124395 | 0.010701  [ram]
Fiesiduals | an | av o [ e [ dv £ |
5 0.0007  -0.0001 0.000 noma 0034 0.005
1 0.0001  -0.000 0.000 -0.005 n.oo3 0.004
2 0.0003  0.0001 0000 noa noo -0.008
3 0.0003 00003 0.oao -0m7 -0.006 0.018
4 00003  -0.0002 0.000 nma 0.0z noma

Lower display area before solution:

Meazurements

2
3

Alternative button assignments:

Single point solution dialogue box: button assignments

Cluery | Solve

| Save I

Cloze Cloze

Cloze

Select 1D

[elete Delete

Eitat: it

ik

Help Help

il

|
|
Select 1D Select ID.. |
|
|
|

|

N
Bezet |
I

|

Help
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Point ID / Descriptor

Enter the name of an existing 3D point whose measurements are to be
evaluated or use Select 1D to choose one. Any descriptive text associated
with the point is displayed next to Descriptor.

If the 3D point does not yet exist and the measurements are chosen instead,
the point name will be automatically extracted and entered into the Point
ID field.

RMS error
Thisisthe RMS value of the lengths of the offset residuals.

Mean error (Variance factor)

Thisisthe mean error (variance factor) computed from the optimised
single point solution. It makes use of the internal residualsinvolved in the
solution in which the station parameters themselves are treated as
measurements and allowed to develop small residual values. These internal
residual s are not the same as the displayed residuals, which are

the original station parameters, recorded in thejob file. See™

fnd quality stafistic"|on page 4B. |

Point

This area shows the computed coordinate values of the located point.
Coordinate values are computed in the same way, regardless of the type of
error statistic displayed. Station parameters and measurements are
weighted according to their standard errors. Uniform weighting is not
possible.

If the chosen quality figureis RMS error, then the RM S values of the axial
residuals are displayed.

If the chosen quality figureis Mean error (variance factor) then the
standard errors of the individual coordinates, derived from the single point
analysis, are displayed. These figures are based on the measurement
quality of angles and distances estimated by the user, since there is not
generally sufficient redundant datato reliably estimate this from the
solution itself.
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Measurements

If an existing 3D point is specified in the Point ID field, the measurements
made to the selected point are automatically indicated here by alist of each
station which generates a measurement.

If the 3D point corresponding to a set of measurements does not yet exist,
click in thisfield and use Select ID to choose the measurements from the
database. The measurements should all belong to the same point, otherwise
only the first sub-set belonging to the same point will be accepted. The
point ID will be automatically extracted and entered into the Point 1D field.

The list of measurements can then be further modified by removing a
station and its associated angle and distance measurements from the list,
and hence from the calculation. Simply highlight the station and click the
Delete button.

Diagram: Single point residuals of measurement

R

Tachy. 1
X
Y

Measurement residuals calculated by single point solution

Diagram: Single point offset residuals

w \

Target

Tot. Stn. 1
X
Theod. 2
Y

Single point solution with offset residuals
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Residuals

Displayed residuals are based on the target point coordinates calculated in
the optimised single point solution together with the parameters of the
stations used in the solution, as recorded in the job file (and obtained from
the network orientation). Residuals are not taken directly from the single
point solution itself because it permits small residuals to develop in the
recorded station parameters in order to derive the most optimal target
location. The grey filled circles in the diagrams indicate the instrument
locations found in the single point solution. However for al external
analyses the recorded station parameters represent the best single estimate
of instrument locations and tilts. Therefore these are used in a separate
calculation of displayed residuals.

Displayed residuals are of two types
1. Measurement residuals, indicated by dH, dV, dD
2. Offset residuals, indicated by dX, dY, dZ

M easurement residuals are calculated by deriving the equivalent
horizontal, vertical and distance measurements to the optimised target
location and comparing these with the actual values.

Offset residuals are represented by the spatial offset vectors from the
optimised target location to the measured directions or locations and are
calculated in two ways:

1. If only angles are measured the offset is calculated as a perpendicular
from the optimised target location to the measured direction
(Op in the diagram.)

2. If angles and a distance are measured the offset is a connecting vector
between two points, the optimised |ocation and the measured |ocation
(Ov in the diagram.)

The components of these offsets along the current coordinate axes are

displayed. The RM S values of the individual axial components are

displayed with the point coordinates.

Query button

The Query button is used to access and list the measurements an existing
point is manually entered or repeat calculations need to be examined by
using the Reset button. For example, if there are more measurements than
are mathematically required, the effect of eliminating different ones can be
examined by using the sequence:
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Solve

Reset (clear the measurements used in calcul ation)
Query (get full list of actual measurements)
Delete (remove some of the measurements)

Solve again

Solve / Save button

When a point and its measurements have been specified, use the Solve
button to calculate its optimal location. If the calculation is successful this
changes to a Save button to enable the results to be saved.

Print button

The Print button is activated by the option "Print on request” and is used
to send results to the log file or printer. If not activated, results may be

automatically sent. For full details, see "On page 3

Cancel / Close button

The Cancel and Close buttons have the same effect, i.e. exit from the
routine with no further action.

Delete button

Provided there is more than 1 station in the M easur ements list, stations
may be removed by clicking to highlight them and pressing the Delete
button.

Note

If only one station remains on the list it cannot be deleted. However, if
thisis an angle measurement only it will not be possible to compute a
solution. If thisis attempted, an error message "L ess equations than
unknowns" appears. A single measurement only worksif it contains a
horizontal angle, vertical angle and distance.

Reset button

When a calculation is completed the Reset button can be used to clear the
sel ected measurements before starting a new computation. The point ID is
not cleared since thisislikely to be used in order to evaluate the effect of
using different sets of measurements to cal culate the same point.
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10.24 Tips on indirect functions

The functions in the analysis menu may not be described in the terms
normally used by the user or they may not operate in exactly the way
expected. The following sections indicate some common analyses that are
not explicitly offered as a menu choice, together with the nearest
equivalent function or functions.

10.24.1 Parallelism check: LINE - LINE

Use the "Angle" function to calcul ate the angle between two lines. If
parallel, the angle should be zero.

10.24.2 Parallelism check: LINE - PLANE

Usethe "Angle" function to calculate the angle between the required line
and the axis of the required plane. If thelineis parallel to the plane, this
angle should be 90 deg.

10.24.3 Parallel: new PLANE parallel to existing PLANE or CIRCLE

Use the "Parallel" function to create a new plane through a specified point
whose axisis parallel to the axis of the required plane or circle.

10.24.4 Perpendicular: new PLANE perpendicular to existing AXIS

Use the "Parallel" function to create a new plane through a specified point
whose axisis parallel to a specified line or shape axis. Thisis equivalent to
making the surface of the plane perpendicular to the specified line or axis.

10.25 Tips on shapes

Some techniques for working with shapes are not explicitly offered. The
following items show how some of these can be achieved.

10.25.1 Viewing and modifying the original fitted points

Currently the only way to view the original points used to create a shapeis
in a shape fitting routine.

In any shape fitting routine the "current selection" can be clicked and a
single shape ID selected (no other points or shapes selected!). All points
that make up that shape are then listed in the "current selection”. To
process this data further a routine must be chosen which can processit. For
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example, it is possible to view all points on an existing cone using athe
LINE fit, but it will not be possible to check the processing with this
routine!

Alternatively a shape fit can be re-calculated by "updating” it The
calculation can then be modified by adding new points or removing
existing points.

The required actions are as follows:

1. Select the shape fit corresponding to the shape

2. Inthe input box for Shape ID enter the name of the required shape, or
use the Select | D button to choose the item from the database.

3. Select the option "Update shape"

4. Click on the Solve button.

The shape will be re-calculated with the original points used to create it.
On returning to the initial dialogue box all the points will be displayed in
the current selection. These points may then be removed or added, if
required.

10.25.2 Finding point offsets from a design shape

Sometimesit is not required to find the best fitting shape to a set of points
but to know how these points are offset from a design shape. A design
shape can be created by defining and fixing all parameters of the shape.
Although no fitted points are supplied, the “solve” function can still be
implemented for the shape and it will be created with the defined
parameters. Using the Other points button the points whose offset
residuals are required from this design can be selected.

The required actions are as follows:

1. Create (and switch to) the coordinate system where the design shapeis
to be specified.

2. With the new coordinate system active, select the type of shape fit
required and specify all the parameters.

3. Click on the Solve button

4. When the results are presented, click on the Other points button to
select the points whose offsets are required from this shape.

The principal difficulty in this procedure may be the specification of
rotational parameters. You will have to manually create these if the shape
istilted at some intermediate angle to the current reference system.
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However, it is more than likely that the axis of the shape is perpendicular
to one of the 3 planes of the reference system. In this case, use the
following table:

(wisrotation about first axis, @is rotation about second axis, K is rotation
about third axis):

Requirement Numerical conditions

1. Axisperpendicular to XY plane w=0, ¢=0, k=0

2. Axisperpendicular to YZ plane w=0,, ¢=1m2 k=0

3. Axisperpendicular to ZX plane w=T12, $=0, K=0
Note

It isnot currently possible to return to the stored shape at alater time
and calculate residuals for other points. This is because the shape can
only bere-calculated if it has a history of fitted points and in this case no
points are used. |If adesign shape needsto be re-used at alater must be
re-defined.
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11. Script menu

11.1 Introduction to scripts

A script isa Visual Basic Program. Within the Axyz software scripts can
contain commands specific to the operation of Axyz. A script therefore
allows the replay of anidentical sequence of operations as often as
required.

Depending on the way the Axyz commands are implemented, a script can

operate in two fundamentally different ways.

1. It can work like a macro in which the user is presented with a series of
dial ogue boxes as though these had been manually chosen. The user
must interact with these boxes, providing input and selecting options.

2. It can hide much of the user'sinteraction by supplying values for options
and inputs held internally.

Sample scripts are provided with the Axyz installation. These scripts can
be edited or user scripts can be created provided aVisual Basic licenceis
obtained and the Visual Basic programming environment isinstalled on
the controlling PC.

11.2 Run

Run command (Script menu) Alt,R,R
"Execute/abort a script”

Select an existing script and run it. After the script has been chosen the
menu option changes from Run to Abort. Some scripts may permit access
to the Abort function if they need to be terminated before they are

compl eted.

Shortcuts
Toolbar icon: none
Keys: CTRL+9
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11.2.1 Run dialogue box

Run Scnpt

Lanok ir:

I £ Script

jﬁl

1 English
1 Francaiz

,@_ OpentiewForECOSUsers Exe
ﬁ Orientation. exe
9. Sample. exe

10
¥, ChangeStation(STH).exe

5 Createb asterD atabase eve

File name: I

Open I
j Cancel |

Files of lwpe: IEDmpHEd Scriptz [*.exe]

File Name

The name of the script to run istyped. If no extension is given, *.exeis
assumed.

Otherwise select the script by clicking in the display.

Run the script with the Open button or <ENTER>.

Files of Type

Select which existing filesto display by type:
Compiled scripts (*.exe)

Single Script Files (*.adl, *.frm)

VB projects (*.vbp)

All files (*.¥) Listsal filesin the current directory.

Look in

The drive and folder that contains the script that needs to be run are
selected.

Open button
Click on this button to run the selected script.
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Windows HELP

Standard Windows help is available in a*"popup” box by clicking on the
question mark button EI and then clicking on part of the box for which
help isrequired.

11.3 Edit

Edit command (Script menu) Alt,R.E
"Edit ascript (by using Visual Basic environment)"

Select a script for editing. This option is only possible if you have aVisual
Basic programming environment installed on your controlling PC. See the
Visual Basic documentation for further information.

Shortcuts
Toolbar icon: none
Keys: none
11.4 Delete
Delete command (Script menu) Alt,R,D
"Delete a script”
Select a script for deletion.
Shortcuts
Toolbar icon: none
Keys. none

11.4.1 Delete dialogue box

Delete
Lookjn | 3 Secript = =
1 Deutsch ,@ OpertiewForECDS U zers Exe

_1 Englizh ﬁ Orientation. exe

1 Francais (3. Sample.exe
_10id

i) ChangeStation[S T exe
S Createt asterD atabase. exe

File name: || Delete I
Files of ype: | Compiled Scripts [* exe) =l Cancel |
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File Name
Type afile name or select an existing file by clicking in the display.

Files of Type
Display files of the following types:

Compiled scripts (*.exe)
Single Script Files (*.adl, *.frm)
VB projects (*.vbp)

All files (*.*) Listsal filesin the current directory.

Look in
Select the drive and folder in which you want to display files for deletion.

Delete button
Press this button to delete the selected file. A warning isissued as follows:

Axyz |

@ Are you sure you want to delete the zelected file ar directon?

Cancel |

Windows HELP

Standard Windows help is available in a"popup” box by clicking on the
guestion mark button and then clicking on part of the box for which
help is required.

11.5 Assign to Menu

234

Record command (Script menu) Alt,R,M
"Assign script to menu/ toolbar button”

Specific scripts can be placed on the script menu and assigned to a toolbar
button.
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Shortcuts
Toolbar icon: none
Keys: none

11.5.1 Assign to menu dialogue box

Scnpt - Menu Assignement |

tenu abel;
IMasterDE ™| Shov) &= Tieol Bar Butian
Script Path;
IE:'\.f-‘-.:-:_I,IzData'xScript'\ElLD'\EreateMasterDatabase. Browse... |
Current

1 Sample C:AAwypzDratahScnpthS ample. exe ﬂ

1 EOrient C:wyzData S crpthOrigntation, ex

>
a| | 3

| Cloze I Add Eemmawe | Help |

Menu label

Typein the label which should be added to the list of scripts and which
identifies the added script.

To assign a shortcut selection key defined by an underlined letter to a
label, place the“&” character (ampersand character) in front of the
required letter.

Example

Typein: & Orient

Display shows: Orient

Script path

Use the Browse button to find the associated script and its full path or else
manually enter the full path to the script.

Show as Tool Bar Button

This option is not activated here since the assigned script is automatically
assigned also to atoolbar button labelled S1 .. S10. (First 10 assigned
scriptsonly.)
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Current

Thisliststhe additional scripts currently assigned by the user to the script
menu. The menu label isfollowed by the associated program.

The figures 0 and 1 indicate:
0 - thisitemis not assigned to atoolbar button
1 - thisitem is assigned to atoolbar button

Add/Remove

Click on “Add” to add the new item to the tools menu.
Highlight an item in the Current Assignments box and click on “Remove”
in order to remove the item from the list.

11.6 Assign to Key

Record command (Script menu) Alt,R,K
"Assign a script to a keyboard key (or key combination)"

Specific scripts can be assigned to afunction key combination and then run
by pressing the associate key.

Shortcuts
Toolbar icon: none
Keys: none

11.6.1 Assign to key dialogue box

The objective isto select an existing script and associate it with (assign it
to) afunction key or afunction key combined with the SHIFT or CTRL

keys.
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Scrpt - Key Assignment |
b odifier Kew: Selected Key Comb: ———
* Shift ’75hift+|:3
& Chl
Script Path:
II::"-.-'-‘-.:-:_I,IzData"sSu:ript'xlzlrientaticun.e:-ce
Current K.ey-
Chl+F7 C:AAwpzD atahScnpthS ample. exe ﬂ

Cloze | Add Hemaye | Help |

Modifier
Decide if the function key is to be combined with the SHIFT or CTRL key.

Key
Select the function key to which the script is assigned.

Selected Key Comb

This box shows the current key combination selected and to which the
script will be assigned.

Script Path

Use the Browse button to find the associated script and its full path or else
manually enter the full path to the script.

Current Key
Thislist shows the current assignments made.
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Add/Remove

Click on “Add” to add the new item to the tools menu.

Highlight an item in the Current Assignments box and click on “Remove’
in order to remove the item from the list.

11.7 Custom Menu (Assigned scripts)

Any assignments made by the user to the menu are listed below the menu

choice Assign to key. Before any assignments have been made, this area
has the default label Custom Menu.
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12. Window menu

12.1 Data Manager

Data Manager command (Window menu) Alt, WM
"Creates anew DM (Data manager) window"

The Data Manager allows the user to:

» Display numerical and other details of items
 Edit parts of the displayed data

e Manually create new data

The Data Manager also functions as a selection tool and allows the
following:

» Selectitemsfor analysis

» Select datafor presentation in areport

» |mport and export data to and from the job file

The Data Manager isfully explained in "Axyz DM - Data Manager:

Software Reference Manual".
Shortcuts

Toolbar icon: &

Keys: CTRL+D

12.2 Graphics

Graphics command (Window menu) AltW,G
"Opens the graphics viewport"

For users of the graphics modules Axyz View and Axyz CAD, this
provides a single window with a pictorial display of the datain the job file.

The command is no longer available once the graphics window is opened.

The graphics modules are fully explained in "Axyz View/CAD - Graphics
Modules: Software Reference Manual".

Shortcuts
Toolbar icon: a
Keys: CTRL+E
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12.3 Cascade

Cascade command (Window menu) Alt,wW,C
" Arrange windows so they overlap"

Arrange any open DM windows and the graphics window, which are not
minimised, in overlapping "cascade" fashion.

Shortcuts
Toolbar icon: none
Keys: none
12.4 Tile
Tile command (Window menu) Alt W, T

" Arrange windows as non overlapping tiles"

Arrange any open DM windows and the graphics window, which are not
minimised, such that they occupy equal amounts of the display area,
without overlaps.

Shortcuts
Toolbar icon: none
Keys. none

12.5 Arrange Icons

Arrange | cons command (Window menu) Alt,W,A
"Arrange icons at the bottom of the window"

The open DM windows can be minimised and positioned anywhere within
the graphical display area. Use this command to arrange themin aline

along the bottom.
Shortcuts
Toolbar icon: none
Keys. none

12.6 Open window list

At the bottom of the Window menu isalist of the currently open windows.
Click on one of these to make it the active window. If the window has been
minimised, it will be automatically restored.

240 Cdm.doc 31/1/00



Axyz Ver. 1.4 CDM SOFTWARE REFERENCE

13. Help menu

13.1 Help Topics

Help Topics command (Help menu) Alt,H,H
"List Help topics™

Thistakes you to the Contents section of the on-line HELP. From here the
Index and Find tabs can aso be accessed.

Note

The on-line HELP isrelevant to the currently active module.

If the CDM main window is active, help on CDM is provided.

If aData Manager window is active, help on the DM is provided.
If agraphics window is active, help on graphics is provided.

Shortcuts
Toolbar icon: none
Keys: none

13.2 Using Help

Using Help command (Help menu) Alt,H,U
"Display instructions about how to use help"

This command displays the standard Windows 95+ Help file about using

Help systems.

Shortcuts
Toolbar icon: none
Keys. none

13.3 Help Mode

Help Mode command (Help menu) Alt,H,M
"Display help for clicked on buttons, menus and windows"

This provides an on-screen, context-sensitive HEL P. When chosen, the
mouse pointer changes to a Help pointer. You can then click on windows,

buttons and menu choices to display context-sensitive Help relating to the
chosen item.
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Shortcuts
Toolbar icon: h?
Keys: SHIFT+F1

13.4 About Axyz CDM

About Axyz CDM command (Help menu) Alt,H,A
"Displays program information, version number and copyright"

Shortcuts
Toolbar icon: none
Keys: none
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14. Shortcut menu on right mouse click

14.1 Right click in input fields

Users frequently input or modify datain single input fields, for example
when selecting the name of a shape or specifying the value of a coordinate.
A right mouse button click may bring up the following context-sensitive
menu. Thisis astandard Windows 95+ feature that has been extended by
the first menu item.

Select 1D

e

Cut

Copy
Haste
Delete

Select Al

Select ID
Select an item using the Data Manager.
See also "Axyz DM - Data Manager Software Reference Manual”.

Undo (Win95+)
Reverse the last action.

Cut (Win95+)
Remove the highlighted part of the current entry and place it on the
clipboard for inserting elsewhere. (Also use CTRL+X.)

Copy (Win95+)
Make a copy of the highlighted part of the current entry and place it on the
clipboard for inserting elsewhere. (Also use CTRL+C.)

Paste (Win95+)
Paste the current contents of the clipboard at the cursor position. (Also use
CTRL+V.))

Delete (Win95+)
Delete the highlighted part of the current entry. (Also use DEL key.)

Select all (Win95+)
Select the complete entry.
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15. The Orientation Module

15.1 Introduction

244

The Orientation Module can also be accessed viathe following instrument
modul es:

* Theodolite Manager STM/MTM

» Tracker Manager LTM

The Orientation Module takes al the existing measurements, or a sub-set
edited by the user, and builds (mathematically) a measurement network of
stations from which further object points can be measured. Thisresultsin a
common reference system known as the base coordinate system. All
coordinate datais stored in this system although they can subsequently be
viewed and output in any other coordinate system defined by the user.

The Orientation Module operates in two distinct stages.

1. Initial and approximate estimation of station parameters (location and
angular attitude), target and point positions and scale bar locations

2. Final and optimised estimation of these values, also known as a bundle
adjustment.

Theinitia estimation of values makes use of orientation measurements
and basic orientation methods such as collimation or object orientation. It
IS up to the user to ensure that there are sufficient orientation
measurements to enabl e the network to be approximately constructed,
although the module will report difficultiesif thisis not the case.

Most orientation measurements are only approximate and not used in the
final optimisation stage (the bundle adjustment). Again, therefore, the user
must ensure that there are sufficient properly configured point
measurements to ensure a solution.

The bundle adjustment is aleast squares optimisation. It takes the
"bundles’ of instrument pointings and makes successive "adjustments” to
the network parameters until there is a best fit between the mathematical
model of the network and the actual measurements.

The Orientation Module can be used repeatedly as a measurement network
Is extended or measurements modified. Every time its results are accepted
the base coordinate system may be re-defined and existing coordinates may
be modified.
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15.1.1 Principal features of bundle adjustment

General

Maximum number of stations =99

Stations can be occupied by theodolites, Total Stations or laser trackers.
Number of targetsis unlimited.

Number of scale barsis unlimited.

Optionally choose between a balanced station network (free net
adjustment) or 7 arbitrarily fixed parameters (origin located at lowest
numbered station).

Measurements

Mixed polar and angular measurements permitted.

Unlimited distance and angle measurements at any one station.
Reciprocal instrument pointings permitted (collimation measurements
between theodolites and Total Stations)

Direct adjustment of angle and distance measurements, i.e. N0 conversion
to other formats.

Scale bar lengths included in the adjustment as measured distances.

Points located by tracker
Only pointings to stationary targets are used.

M easurements made to moving reflector positions are excluded.

Note

Fixed points can be located indirectly by the circle and sphere methods.
These are not included in the adjustment. There are no measurements
associated with the target circle and sphere centres.

Hidden point devices

M easurements to offset targets on hidden point devices (device points) are
not included in the adjustment.

Derived hidden points are also not included in the adjustment. There are no
measurements associated with these points.
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Scale

M easured scale bars may optionally be removed from the adjustment. If
removed, the measurements to the scale bar targets are also removed, i.e.
the scale bar targets are not treated as ordinary target points in this case.

Scale can be provided by:

* Inclusion of scale bar measurements

* Inclusion of distance measurements from stations to targets
* Inclusion of control points (targets with known coordinates)

If scaleisnot included a preliminary solution can still be calculated by
assigning a default separation of 10 cm between the first two processed
stations.

Weighting of measurements

All measurements have an individual weighting but this cannot be
individually adjusted. Weights depend on default standard deviation values
defined for all horizontal angles, al vertical angles and all distances at a
particular measuring station. Variations can only be made for individual
stations.

Multiple station/target pointings, including pointingsin two faces, are
always averaged or reduced to asingle value. The bundle adjustment
therefore only sees one weighted representative pointing between a station
and atarget.

A single representative measurement derived from multiple pointings has
the same weight as a single pointing.

Weighting of targets

Target coordinates can be treated as known values by weighting.
Weighting is achieved by assigning suitable standard deviations to the
coordinates. These weighted coordinates are normally called control
coordinates. Typically weighting is high so that the corresponding
coordinate values effectively remain fixed in the solution.

Control coordinates can be fully weighted or partially weighted and the
weightings can be individually set and adjusted. Fully weighted means all
three X,Y,Z values are weighted. Partially weighted means one or more
individual coordinate valuesistreated as unknown and not weighted.
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Fixing stations

Station parameters can optionally be held fixed. This treats the parameters
as known values by weighting with avery small variance.

This enables new stations to be added to a network without changing the
parameters of existing stations. It also enables the adjustment to be used as
asingle point solution for locating further target points by fixing existing
station parameters.

Referencing to gravity

Thereis no requirement for any instrument to be levelled. However, a
network can be referenced to gravity in a number of ways.

» Use control points with coordinates in alevelled coordinate system
» Precisely level one or more theodolites or Total Stations

* Make tilt sensor measurements at one or more laser trackers

Theodolites and Total Stations are referenced to gravity by making their
standing axes exactly vertical (within practical tolerances).

Trackers are levelled by measuring the amount of residual tilt away from
the vertical using aLeicaNIVEL tilt sensor.

Levelled instruments can be optionally treated as non-levelled.

15.2 Orient via Theodolite Manager STM/MTM

Orient command (Orientation menu) Alt,R,R
"Run bundle solution program"
Starts up the Orientation Module. For full details see "Ofient via CDM" |on

page 248. |

Shortcuts
Toolbar: none
Keys. none

15.3 Orient via Tracker Manager LTM

Orient command (Setup menu) Alt,S,0
"Orient the network"
Starts up the Orientation Module. For full details see "Ol:iem_uia-CDMﬂon

page 2/18. |
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Shortcuts
Toolbar icon: none
Keys: none

15.4 Orient via CDM

Orient command (T ools menu) Alt,E,F
"Performs a bundle solution”

This option calls the Orientation Module which uses a bundle adjustment
/"™ wans 10 cOnstruct a measurement network using potentially all of the currently
forusers— gvail able measurements. It will provide orientation parameters (location
and attitude) for all selected stations as well as coordinates for all other
points provided a geometric solution is possible.
The option can be used to:
» Create a measurement network if none exists yet
» Extend an existing network

* Revise an existing network

Shortcuts
Toolbar: none
Keys: none

15.4.1 Orientation dialogue box

L Onentation SAMPLE_LTHM MO. .. !IEIE

— Selection
Use all points v [Eairts:.
Use all scale bars [~ Scale Bars...
Usze all stations ¥ Slatiofs..

Solve | LCloze |

Help |
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Use all points

Select thisoption if all measured points are to be used in the orientation. If
not, then the Points button will be active. Click on this to make a selection

of points.

Use all scale bars

Select this option if all measured scale bars are to be used in the
orientation. If not, then the Scale bar s button will be active. Click on this
to make a selection of scale bars.

Note
If no scale bars are used and there are no other distance measurements,

then the network will have no absolute scale information. In this case
the network will be computed at a model scale in which the first two
processed instruments will have a separation of 10cm.

Use all stations

Select thisoption if all stations are to be used in the orientation. If not,
then the Stations button will be active. Click on thisto select individua
stations.

Note
If a station has not been flagged in the Theodolite Manager for usein

calculation, then it will not appear on the list of available stations!
Selecting all stations will only select those on thislist and a station that
exists and is not on the list will not be used in the adjustment.

See: Theodolite Manager STM/MTM
Setup menu
Station setup
New or Edit button
Option: "Usein calculation”

Points button

Availableif not all points are selected for the solution. Click here to access
adialogue box and specify exactly which points are to be used.
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Scale Bars button

Avallableif not all scale bars are selected for the solution. Click here to
access a dialogue box and specify exactly which bars are to be used.

Stations button

Avallableif not all stations are selected for the solution. Click hereto
access a dialogue box and specify exactly which stations are to be used.

Options button

Click on this button to access a dialogue box for specifying optionsin the
solution.

Solve button
Click on this button to calculate a solution and present the results.

15.4.2 Dialogue box: Select Points

250

Select Points
Contral Points
I J Cancel |
I j Help |
— drigntation
Pointz Uszed Paintz MOT uzed
sdd | |
D elete |
Select |Ds... |

Control points

A minimum of 3 control points forming atriangle are required to compute
an approximate transformation into the coordinate system of the control.
Select these 3 points using the drop-down selection boxes.

For a solution giving "Z axis up" using levelled control points, a minimum
of 2 control pointsisrequired, provided at least one instrument is
constrained to be levelled.
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Orientation

Specify here the points that are to be used or not used in the adjustment
procedure. The default option isto use all points and reject none. The two
lists are combined. For example, "al pointsto be used” can be requested in
the list for "Points used” but add asingle point, e.g. "default/pl" to thelist
of "Points NOT used". Then all points EXCEPT default/pl will be used.

Points used

Thereisamanual entry box above a second box showing the fina list of
points to be used.

Use the Select I D button to manually define alist of points to be used.

Note
Re-use of this button will overwrite any existing selection.

Type a point name in the manual input box and use the Add button to add
it to an existing list.

Highlight a point in the existing list and use the Delete button to removeit.
Use the star character (*) to mean "use al points".

Points NOT used

There isamanual entry box above a second box showing the final list of
points NOT used in the following adjustment.

Type a point name in the manual input box and use the Add button to add
it to an existing list. Highlight a point in the existing list and use the Delete
button to removeit.

Use the star character (*) to mean "use all points".

Note
The Select 1D button does not operate on the list of points not used.
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15.4.3 Dialogue box: Select Scale Bars

15.4.4 Dialogue box: Select Stations

252

Select Scale Bars Ed |
Bar Mo Poz Mo

Cancel |

Help

Every scale bar has a numerical identifier assigned by the user.

The same scale bar can be used in different positions and each of these

positionsis also given anumerical identifier by the user.

A scale bar measurement is therefore defined by a scale bar identifier and a
position number.
This button provides alist of scale bar measurements. Highlight the

measurements which should be used in this orientation.

If any scale bar measurements are rejected, the associated measurements to
their targets are al so rejected.

Select stations

— Drientation —

.
Z

]

Cancel

|

Help
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The Orientation box shows all stations for which the option "Usein
calculation" has been selected in the Station Setup menu of the Theodolite

Manager.

Orientation
Highlight the individual stations that should be included in this orientation.

15.4.5 Dialogue box: Orientation Options

— Solution Type

Ornientation Options

& Mormal zolution

" Clear and recalculate al

" Clear and local orientation orly
™ Fix all oriented stations

" Fix all oriented stations and points

— Salution Ophions
[ Use Balanced Station Network

[T ZawizlUp

[™ Elunder Analysis for Divergent Solution

— Dizplay in Document
W Station parameters

v Collimation measurements
¥ Puoint measurements

¥ Scale bar measurements
v Standard deviations

v Solution iterations

[T Descriptors

Cancel |

Normal solution

Thistreats al the stations and object points as unknowns. Any fixed

weight.
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information such as control coordinates or level constraintsis given ahigh

If anetwork is being re-calculated or extended, any existing orientation
datais used as a starting approximation. Otherwise all approximate
information needed by the bundle adjustment isfirst created.

The net result is that any existing part of a measurement network is
updated and new parts are added.
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Clear and recalculate all

Thisis essentially the same as anormal solution with the exception that
any existing orientation data isignored. The approximation stage of
network construction is completely calculated, as though the network did
not already exist.

This option may be chosen if it isdifficult to add in new stations.
Clear and local orientation only

Thisis essentialy the same as "Clear and recalculate all" except that any
control information isignored and control points are treated as normal
unknown points.

This option may be useful if the control is suspected to be distorting the
solution and the user wishes to test results without the constraint of control
coordinates.

Fix all oriented stations/ stations and points

Fix all oriented stations does not make changes to any existing station
parameters and simply adds new stations on to an existing network.
However, all points, including existing points, will be treated as unknown.
Existing points are therefore recal cul ated.

Fix all oriented stations and pointsis essentially the same, except that all
existing points are also kept fixed.

These options are not compatible with a balanced station network which
assumes such constraints are not present. If either is selected, the option to
Use balanced station network is not available.

Use balanced station network

This option has similarities with afree net adjustment and is designed to
remove an inconsistency in the quality analysis that results when an
arbitrary datum is specified. In this case the coordinates of the origin are
assigned zero error. Since errors are relative this does not affect the quality
analysis of derived elements such as the distance between two points, it
only affects the errors estimated for coordinates. The balanced network
distributes these in a more even-handed way.
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/ \ Maths
for Users

If the option is not chosen the adjustment will set an arbitrary datumin one

of two ways:

1. Thefirst station used to build the network will define the origin and
axes of arelative reference system. Thisis astandard relative
orientation procedure.

2. If control points are used, the network will be located in the reference
system of the control. Thisis an orientation to control.

A relative orientation without levelling constraints will produce a network

of the same shape as the balanced network but the first station will define

the base system origin and be assigned zero error.

If orientation to control is used, thiswill override any selection of a
balanced network. If thisisnot wanted it must be indicated that any
measured control points are to be treated as normal unknown points. To do
this, choose Clear and local orientation only in the orientation Options.

Notes

An orientation to control will produce a network of adlightly different
shape than arelative orientation, if the control specifies more than the
minimum 6 or 7 elements.

Any levelling constraints are ignored by a balanced station network.
Compared to arelative orientation with levelling constraints, the
network will have adlightly different shape.

Z axis up solution

Choose this option if any measured control points are defined in alevelled
system and the system Z axis points vertically up. In this case any levelled

instruments which are constrained to be level in the solution will also have
their Z axes forced vertically up and parallel to the control system Z axis.

This procedure will work with a minimum of 2 control points provided at
least one instrument is constrained to be levelled.

If control points are in use but they do not define alevelled system, any
levelled instruments constrained to be vertical will have the alternative
constraint of parallel axes. In this case the control system defines the
coordinate system for the network and the direction of gravity has some
direction which is not parallel to the Z axis of thisreference system. The
direction of gravity istherefore an unknown in the solution of the
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measurement network and the levelled instruments are constrained to have
their local z axes parallel to this direction.

Notes

If levelled instruments are used with anon-levelled control system, only
one sub-group of instruments can be constrained to have parallel axes. If
an object is measured by moving the object rather than the instruments,
for example on aturntable, there may actually be several sub-groups
which should have parallel axes, each corresponding to one position
where the turntable is stopped.

Inthiscaseitisstill possible to work with levelled instruments but only
In one sub-group can the levelled condition be accommodated by the
Orientation Module. It is up to the user to manually indicate that an
instrument may be levelled but this condition should not be used in the
orientation.

The option to level an instrument, i.e. have the compensator ON, is set
in the Theodolite Manager. At the same location is found the option to
use the levelled condition in the Orientation Module or not.

See: Theodolite Manager STM/MTM
Setup menu
Station setup
New or Edit button
Compensator box
Option: Compensator ON, Solution YES

Blunder analysis for divergent solution

Thisfunction is provided as atool to help users find gross errors such as
the mis-identification of atarget. It is particularly useful when a new
station containing one or more gross errors is added to a good existing
network.

The option will calculate a network using approximate orientation
parameters only. No attempt is made to optimize the parameters by
repeated iteration. However, the results of the calculation are displayed and
from these results it may be possible to identify which pointings arein
error. In the case of a station added to an existing good network, and where
the existing optimal parameters are used as approximations, this technigue
should show up errors generated by the new station.
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When particular points or measurements are identified as a problem they

can be removed from the orientation in one of several ways:

1. Removal of point from adjustment by deselection of Use flag in Data
Manager

2. Removal of point from adjustment by specifying exactly which pointsto
use in the orientation (in the initial orientation dialogue box)

3. Removal of measurement from adjustment by deselection of Useflag in
Data Manager

Display in document: station parameters

If selected, calculated parameters for each station are displayed (position
and angular orientation).

Display in document: collimation measurements

If selected, any collimation measurements between stations are displayed
(accurate and approximate).

Display in document: point measurements

If selected, the measurements made to each point are displayed with the
results for that point.

Display in document: scale bar measurements

If selected, measurements made to scale bar targets are displayed along
with solution values for these targets.

Display in document: standard deviations

If selected, the estimated standard deviations as calculated by error
propagation, will be displayed along with the solution values for stations
and points.

Display in document: solution iterations
If selected, display information on each iteration.

Display in document: descriptors

If selected, display the descriptive comment stored with the points and
stations along with the solution values.
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15.4.6 Dialogue box: Solution

Solution Data |
Solution progress
Skatuz: Solution successful
[teration: 1
tean Eror: 2964

Percent Change: 0.602

Solution Errars™ arnings

Inable bo calculate paint; culinder/c20
IInable to calculate paint; cylinder/c30
IJnable to calculate point: cylinder/c3

Accept | Reject Details...

Solution progress

Status

Various messages are briefly displayed as the calculation proceeds. Only
the final message is of interest to the user. A good solution is indicated by
the message " Sol ution successful”.

| teration
Shows number of iterations in this solution.

Mean error
This shows the calculated variance factor for this solution.

RMS
The RMS value of the perpendicular and spatial offsets of the calculated
point locations from the measured pointings.

If the pointing is two angles only, the offset is the perpendicular. If the
pointing is two angles plus a distance, the offset is a spatial vector.

Per cent change

Thisisthefinal percentage change in the value of the minimising function,
from the penultimate iteration to the final iteration.
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Accept button
Click this button to accept the results.

If accepted, all measured points, including any not used in the bundle
adjustment, are located using the Single Point Solution. This procedureis
used to check for pointing errors and to identify a possible blunder.

If pointing errors are exceeded on any point, an error message is displayed.
These points should be carefully checked before further use. An error here
may indicate bad pointings which should be eliminated and re-created.

The displayed message has the form:

Bundle |

& **Pointing ermor EXCEEDED ™
bh/h?

Thiz paint did not contribute to the arentation but iz
computed from the new onentation parameters for congsistency.
Fleasze crosz-check itz emar quantities in the data manager.

Reject button
Click this button to reject the results.

Details
Click this button to see a detailed display of orientation results.
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15.4.7 Detailed display of orientation results
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Cir Axyz Onentation

File  Format  Options

Title bar

Menu bar

Toolbar

Scroll bar

i

Coaurier jl'l[l j al Blflﬂl% Elffll ﬁl El
Point results: REAR-F1
Pointing error: 0.043 MM Apex angle: 109 6079
Coordinates = 1189 . 600 -572 . 658 1865 .562
Point results: REAR-FZ
FPointing error: 0.005 MM Apex angle: 108.4729
Coordinates = 1187 .338 B77.220 1863.983
Point results: REAR-F3
FPointing error: 0.033 MM Apex angle: 1057959
Coordinates = 1186 . 523 £77.951 912 .926
Foint results: REAR-F4
FPointing error: —0.034 MM Apex angle: 107 .0524
Coordinates = 1188 .871 =-572.051 914 669
FPoint results: REAR-FG
FPointing error: —0.004 MM Apex angle: 85.0710
Coordinates = 1187 267 574,897

—36.736 J

d

The results are displayed in a window which offers some simple word
processing functions which enable the display to be re-arranged.
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Toolbar: Orientation results

Couner v l| Font bar of current selection + drop-down options list
M - Point size of current selection + drop-down options list
5 Frint the results file

B A pplies bold format to the selection

' Applies ifalic format to the selection

J Applies undetlite to the selection

= Right-justify the selected text

= Centre the selected text

= Left-justify the selected text

ﬁ Accept the results and apply them

& Reject the results

File menu: orientation results

Print
Corresponds to Print button on toolbar. Prints out the resultsfile.

Print setup
Standard windows options for setting up printing options.

Exit
L eave the results display.
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Format menu: orientation results

Select text in the results file by one of these methods:
» Click and drag
» Click inmargin to select aline

» Click in margin to select first line of ablock, then SHIFT+click to select
the last line of ablock
» CTRL+click inthe margin to select everything

Then apply formatting as follows:

Character
Change font, point size, emphasis and colour of the selected text.

L eft
L eft-justify the text (also available as atoolbar button).

Centre
Right-justify the text (also available as atoolbar button).

Right
Centre the text (also available as atoolbar button).

Options menu: orientation results

Selection bar
Not yet available.

Show margins
Select this option to show a margin.

Find
Search for specific text in the results.
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