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Project Manager Overview

xe "Project Manager Overview"
The Project Manager is the master control system for all COMPASS operations. The Project Manager performs five main functions:

1. Organizing Cave Data.  COMPASS organizes cave data into Surveys, Survey Files and Projects. This gives you great flexibility in organizing, manipulating and viewing your cave data. The Project Manager displays these Surveys, Files and Projects as a tree diagram and allows you to create surveys, create projects, and manipulate this information with simple point-and-click procedures. Finally, the Project Manager allows you to manipulate whole survey files, moving surveys between files and reordering the surveys in the files. 

2. Editing Data. Once you have created a Survey File or Project, you can enter and edit survey shot data. This includes entering survey headers, shot data and doing complex editing and revision of the data.

3. Processing. Once you have created and organized your data, the Project Manager processes all the data, automatically closing and compiling the selected data. You have complete control over what data is processed and displayed. The Project Manager keeps track of the date and time associated with each file and automatically processes any new survey or any survey that has been changed.

4. Viewing Caves. Once the survey data has been processed, the Project Manager will display the cave. The cave is displayed on the COMPASS viewer, which is a very powerful program capable of presenting and manipulating the cave image in a myriad of ways.

5. Statistics, Errors and Blunders. As COMPASS processes the cave data, it gathers information about the data. This information can be very useful for understanding the cave and improving the quality of your data. The statistical information tells you things like the length and depth of the cave, the number of shots and more than 40 other pieces of information. The Error Informationshows how and where the data maybe faulty or incorrectly entered. Finally, the blunder detection capabilities of the Project Manager allow you to zero-in on large survey errors.

Getting Started

xe "Getting Started"

xe "Starting"
One of the easiest ways to learn to use COMPASS is to work with an existing project. For this reason, I have included a copy of the Fulford Cave project with COMPASS. This way, you can play with a complete project and experiment with the different capabilities of COMPASS.

Project Files. The Fulford Cave project consists of three files. Here is a description of each file:

	FULFORDS.MAK
	This is the Project file for the cave. It tells COMPASS which files will be included in the project. In this case, it tells COMPASS that the project will include both cave data and surface data.

	FULFORD.DAT
	This file contains the data for the underground part of Fulford Cave.

	FULSURF.DAT
	This file contains surface data near Fulford, including two shots in a large nearby shelter cave.


Locating and Running the Files. If you have installed COMPASS using the standard installation process, these files will be located in the COMPASS folder. If you used the default settings, the files will be in the folder "c:\cave\wcomp32".

Working With The Files. If you have installed COMPASS correctly, Windows will automatically recognize COMPASS files and will automatically run the proper COMPASS program when it is needed. Thus, to process and view the Fulford project, run Windows Explorer and move to the COMPASS folder (usually c:\cave\wcomp32). Then locate the file FULFORDS.MAK and double click on it. This will run the Project Manager.

You can also run the Project Manager first and then open the project file. To do this double click-on the Project Manager icon on the Desktop or in the "Start Menu." Once the Project Manager is running, select the "File|Open Project/Data File" option from the menu bar and select FULFORDS.MAK.

Operations. Once the project has been opened, you view the cave by pressing the Process and View button. There are also many other operations that can be performed. Refer to the Overview Section to explore other operations.

Using COMPASS With Windows

xe "Windows Integration"
If you have installed COMPASS using the normal installation program, COMPASS will be tightly integrated into Windows. This means that Windows will understand COMPASS and automatically perform many operations for you. If you have manually copied COMPASS files onto your hard drive or installed COMPASS in some other manner, this integration will not take place and the features described below will not work. (Refer to the discussion on Windows Configuration for more information.)

Windows Integration Features. When COMPASS is integrated with Windows, you can perform many COMPASS operations directly from Windows. Here are detailed descriptions of the of the operations:

File Associations. When COMPASS is properly installed, Windows knows about COMPASS and cave survey files. This means that whenever a COMPASS file appears in Windows Explorer or the Windows Desktop, Windows knows how to work with the files. If you double-click-on the file, Windows will automatically open the file using the proper COMPASS program. For example, if you double-click-on a Survey File or a Project File, Windows will open it with the Project Manager. Likewise, if you double click-on Terminology a Plot File, Windows will open it with the Viewer.

This capability allows you to browse through your folders using Explorer, looking for cave survey files. When you find a survey file, it is easy to edit, process or view the data by simply clicking-on the file.

Context Menus. If you select a COMPASS file and then right-mouse click, a menu will appear. One of the options will be the "Open" command. This command also causes Windows to open the file using the proper COMPASS program. This is similar to the double-clicking option described above; however, it gives you one additional capability. If you have selected a survey data file, the menu will have both the "Open" and "Edit" commands. The "Open" command will open the file using the Project Manager. The "Edit" command on the other hand, will open the same file using the COMPASS Editor. This way, you can directly edit a survey file without going through the Project Manager.

Creating New Surveys and Projects. Windows also allows you to create COMPASS project and survey files directly in Explorer. You can create them in any folder including the Desktop. You simply use Explorer to move to a particular folder and then right-mouse click. This will display a menu. If you select the "New" option, you will have the option of creating a Compass Data File or a Compass Project File. The new file will appear in Explorer and you just double click-on it to use it.

Organizing Cave Data
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xe "Data Files"
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The Project Manager's job is to help you work with cave surveys. To begin with, the organization of your cave data is displayed graphically in the Project Tree. Thus the Project Tree allows you to see the interrelationship between the files and surveys that make your cave data. 

In COMPASS, there are three levels of organization to your cave data: Cave Surveys, Survey Data Files and Project Files. Here is detailed description of each:

1. Cave Surveys. A Survey consists of a several shots that can be grouped together by three common factors. 1. They were done on the same day. 2. The same team of surveyors did them. 3. They were done in the same part of the cave. 

It is important to create a new survey when you have a new survey team, a different date or you have moved to different part of the cave. COMPASS uses this information for many things. It can be used to selectively highlight or display the cave. It also makes it easier to find specific surveys, and zero-in on certain parts of the cave. Finally, it allows you to get statistics for specific parts of the cave and view the history of the exploration. If you combine surveys done on different dates, done in different parts of the cave, by different survey teams, you will lose the ability use this information.

2. Survey Data Files. Surveys are stored in data files on your hard drive. Unlike some other survey programs, COMPASS allows you to enter multiple surveys in a single data file. In many cases, dozens even hundreds of surveys will be stored in a single data file. In COMPASS, a survey file has the extension “DAT” and you would usually choose a filename that describes the cave or section of the cave you are working with. For example, the survey data for Fulford Cave could be in a file named “FULFORD.DAT”. The survey data for the southwest part of Lechuguilla Cave could be placed in “SOUTHWEST.DAT”.

3. Project Files. When your cave surveys become larger or more complex or you want to work with more than one cave at a time, you have the option of using a Project. A Project is a special file that allows you to group one or more Survey Data Files together. This allows you to do two things. First, you can split large or complex caves into separate subsections. Second, it allows you to group separate caves together into larger cave systems.

Multiple Projects For The Same Data. One of the most powerful features of Projects is that you can have several projects that work with same data. For example, you could have one project that works with a cave, one that works with the cave and all the surface surveys and one that combines all the nearby caves. Putting cave data into projects has no effect on the data. In this way, you can have complete freedom to organize and view your caves without worrying about mingling or contaminating the data.

When To Use Data Files And Projects. Generally, you would use with individual Survey Data Files when you are working with smaller, simpler caves. For example, most people use individual Survey Data Files when they are working with caves that are less than about 10 miles in length. Even if you expect that the cave survey you are working on will get larger, it is usually best to begin by working with a single data file. It is always easy to combine individual Data Files using a Project File later on.

Projects are normally used when you have larger caves or when you are combining several caves into a cave system. Click here for detailed information about creating Surveys and Projects.

Building Surveys and Projects
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This page gives you complete information about creating, building and maintaining surveys and projects. Before you build a project, you should understand how surveys and projects are used and how to organize your data.
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Linking Survey Files.


Working With A Single Data File
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The Project Manager gives you the option of using single, individual Survey Data Files as a project. This is useful when the cave is small and there is no need for a project. You can also work with individual Survey Data files that are a part of an existing project without opening the whole project. You can do this by selecting the "File|Open Project/Data File" option from the menu bar and selecting any file with the extension “DAT”. You can also create a new single data file by choosing the "File|New Data File" from the menu bar. 

Only One File. Once you have selected or created a new Survey Data File, it will appear in survey Tree. You can then edit, process and view the data. Because, a survey file is not a project, you cannot insert other files, delete the file, edit the node, or save a project.

No Fixed Stations. If you do choose to work with a single data file without using a project, you will not be able to set fixed stations. Remember however, that is always easy to create a new project and connect any survey data file to it.

Surveys
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In COMPASS, a survey is a portion of the cave data that contains all the information from a single surveying session. COMPASS archives important information with every survey, such as the survey name, survey date, the survey team, etc. As a result, you should create a new survey every time one of these things changes. In other words, you should not combine surveys that were done on different days, in different parts of the cave or with different surveying teams or with different instruments. If you do combine them, you won’t be able to take advantage of the features that use this information. For example, combining surveys that took place on different dates will prevent COMPASS from coloring surveys by date and you won’t be able to graphically display the exploration history. 

Survey Name vs. Survey Comments. Normally, surveys are given names that correspond with the letter prefix of the survey station. For example, the "AB" survey would have stations like AB1, AB2, AB3 etc. You shouldn't use descriptive names like "BIGROOM" for the survey name. COMPASS also has a survey comment that can be used for a more elaborate description of the survey. For example, you might describe the "AB" survey as: "The new room past the aragonite bush." 

Since it is very useful to maintain records of the "who-what-when" of a survey, a new survey is created for each survey session; even it is in the same passage. Generally speaking, people tend to add a "plus sign" (+) to the survey designation when you are extending an existing survey. For example, you might survey the first part of the "C" on one day, and then name the second part "C+" when you survey the rest of the passage at a later date. Even so, the station names in the "C+" survey would not contain the plus (+). For example: C23, C24, C25 etc. The reason for doing this is that it allows COMPASS to track the dates, teams, declinations and other information more accurately. 

Survey data is entered using the COMPASS Survey Editor. Survey data is stored in Survey Data Files (.DAT) and each Survey Data File can contain one or more surveys. 

Data Files
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Survey Data Files are used to hold the individual cave surveys. There can be thousands of surveys in a single Survey Data File. For this reason, most COMPASS users place all the survey data for small to medium sized caves in single file. With larger caves, individual sections of the cave are generally placed in different files. In COMPASS, survey files have the extension ".DAT". For example, "GROANING.DAT" might contain all the data for Groaning Cave. 

Normally, you want to keep logical parts of the cave or cave system in separate files. This is because COMPASS can selectively highlight, color and plot the data in each file. For example, if you have a multi-cave system, you should keep each cave and each overland survey in a separate file. This way, you can view each cave and each surface survey in a different color. With larger caves, you will probably want to put each section of the cave in a separate file.

Creating Survey Files
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Before you can create a project or work with individual surveys you must have data files that contain the surveys you want to work with. If you have already entered the data from your surveys, you can use these files as the basis of your project. 

You can also take surveys from existing files and use them to create a new survey file. You can do this using the survey copying capabilities of the Project Manager. 

If you haven't entered your survey data into a file, the first step in creating a new project is to create a new survey file. You can create new survey files several ways. The easiest way is to use the Insert New Survey File in Project option. You can also create a new survey file by entering the data from individual surveys into the Survey Editor. If you want to create a new survey file this way, you need to run the editor manually. You can do this from the Project Manager by selecting the "Run|Run Editor Manually" option from the menu bar. 

In COMPASS, any number of surveys can be placed into a data file. Files are used to keep different caves or parts of caves separate. For example, it is standard practice to put all the surveys from a small or medium sized cave into a single file. With larger caves, individual sections of the cave are generally placed in different files. In COMPASS, survey files have the extension ".DAT". For example, "GROANING.DAT" might contain all the data for Groaning Cave. 

Project Files
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Project Files are used when you want to combine several caves into a single image. They can also be used on very large caves to help break surveys down into more manageable pieces. 

Projects are created using a special project file. The project file contains directions that tell COMPASS how to combine the different survey files in the project. Project files generally have the extension ".MAK". For example, "WILLIAMS.MAK" might organize all the caves in Williams Canyon. 

There are several reasons for using project files. First of all, you can combine several different caves in area without having to keep the data in one file. For example, if you had a connecting overland survey between Lechuguilla, Carlsbad, Spider and other caves in Carlsbad National Park, you could view them together and see how they relate to each other. You could keep the data for all these caves in the same file, but imagine how unwieldy all these caves would be together. 

It is also useful to break large caves into separate sections for easier handling. For example, the major sections of a cave can be kept in separate sections. This way, if you want to view part or all of the cave, you can selectively combine the separate files. 

COMPASS allows you complete flexibility in the way you combine caves. You can also combine caves in different way at different times depending on your needs. For example, if you have a regional system of ten caves, at times, you may want to view two caves, at other times, you may want to view all ten.

Creating Project Files
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Once you have created one more survey files, you can combine them into a project. The Project Manager uses these master files to organize and process cave data. (Project Files are sometimes called "make files" because they tell the Project Manager how to “make” the project.) Project Files have the extension “MAK” and normally you would choose a name that describes the project. For example, the project for the system of caves around Wind Cave might be called “WINDSYS.MAK". 

COMPASS displays the organization of your survey project in an easy-to-understand "tree" diagram. The tree diagram shows you all the caves, files, and surveys that makeup your project. 

[image: image1] 

This picture shows a typical survey project. As you can see, the name of the master file (GROANSRF.MAK) is displayed at the top. The individual survey files (CLIFF.DAT, FEATURES.DAT, GROAN.DAT) appear below the master file. Finally, the individual surveys (DUS, CLIFF, SEC, etc.) appear below the survey file name. 

This particular project combines several different files related to Groaning Cave, in Colorado. The survey CLIFF.DAT, contains a surface survey that was done along the cliff face in front of the cave. The survey FEATURES.DAT contains surface features such as roads and section lines. Finally, GROAN.DAT contains the actual survey data for Groaning Cave. This particular project file combines the cave and the surface features into a single image. 

One of the special features of COMPASS is the ability to use the same survey file in several different projects. For example, you could create another project file that also used GROAN.DAT and combined it with a different set of files. For instance, you could create a combined image of Groaning and other nearby caves. 

Using Windows Folders/Directories
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COMPASS uses normal Windows files and folders to organize survey data. This means that the way you organize your Windows folders has an impact on how COMPASS works. Most of the time you should put all the files associated with a particular project in the same Windows folder. For example, I keep all the data associated with Groaning Cave in the directory: "C:\CAVE\GROANING\". You can also put the files associated with all the caves in a system in the same directory. For example, I keep all the surveys associated with all the caves in Williams Canyon in: "C:\CAVE\WILLIAMS\". Keeping the files for related surveys together in the same folder makes it easy to generate multiple project files that encompass different parts of the data. You can also keep data from unrelated caves in the same directory without any concern about the data interacting or interfering with each other. Of course, you must avoid using the same file name for different caves. You can create new Windows folders using the Windows Explorer. 

The only instance where you would want to keep data in separate directories is where you have two large related cave systems. For example, you'd probably want keep Carlsbad and Lechuguilla caves in separate directories because they are large, distinct cave systems in same area. You can still link these two caves together so you can view both simultaneously, but since they are in separate directories, you have to use the Path option when you add a file to the project. The disadvantage of the Path Option is that it ties the files to a specific directory and you have to change the path if you move the files or change the name of the directory. 

Choosing Filenames

xe "Choosing Filenames"

xe "Filenames"

xe "Project Names"

xe "Long Filenames"

xe "Filenames"

xe "Filenames\\: Long"
The Project Manager keeps track of which files have been closed and which files have compiled. It does this by looking for files with the same name as the Project File or the same name as the individual Data Files. For example, if you had a data file called WIND.DAT, it would look for the corresponding closed data file WIND.CLP and the plot file WIND.PLT. For this reason, you should be careful to name your Project Files and Data Files with different names. For example, if you have a project called WIND.MAK and a data file called WIND.DAT, the Project Manager will not be able to tell if the plot file WIND.PLT is an image of the whole project or just the data in WIND.DAT. As a result, the Project Manager may display only part of the cave when you were expecting to see the whole project and vice versa.

You can circumvent the problem by forcing the Project Manager to re-close and re-compile the data. You can do this using the Processing Options.Generally, however, it is better to use unique filenames for projects and data files. If you already have duplicate Project and Data File Names, you can rename the files using the Windows File Manager. 

Long Filenames. With early versions of DOS and Windows 3.1, filenames were limited to an eight-character name and three-character extension. These short filenames did not allow any spaces. Starting with Windows-95, the operating system allowed for long filenames. With Long Filenames, the name-part can be 256 characters long, with the same three-character extension.

The current version of COMPASS supports Long Filenames for Project File names and Data File names. If you are still using older versions of COMPASS for Windows 3.1 or DOS, you may want to limit your filenames to eight characters so the files will be compatible with older programs. However, even if you do use long filenames, older Windows and DOS programs will still be able to use the data because Windows also creates a short filename to be used with these programs. The only issue is that the short filename is often not very readable. For example, the short filename for “Lech Cave.dat” is  “LECHCA~1.DAT”.

Processing And Displaying Data
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Once you have created a project, the individual surveys have to be processed. Processing generally consists of closing loops, compiling the data and viewing the cave. Although you can do all these operations manually, the Project Manager will perform the operations with a single mouse click. Just highlight the project or file in the survey tree and then click on the Process and View button. The Project Manager will process the files and display the cave in the COMPASS Viewer.
Highlighting different items in the survey tree allow you to selectively view individual survey files or the project as a whole. For example, if you highlight the project filename at the top of the tree, the whole project will be processed and displayed. Likewise, if you highlight one of the individual files that are a part of the project, only that file will be processed and viewed.

The Project Manager keeps track of which files have changed, which files have been closed and which files have been compiled. It then automatically processes only those files that need to be updated. You can force the Project Manager to process files even though they are up-to-date by changing the Processing Options.
Working With Survey Projects
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COMPASS gives you great flexibility in organizing your cave survey data. Because of this flexibility, COMPASS projects can get complicated. In order to simplify the process of creating and maintaining projects, COMPASS displays the organization of your survey project in an easy-to-understand "tree" diagram. The 'tree' diagram shows you all the caves, files, and surveys that make up your project. 

[image: image2] 

The diagram is called a tree because it has “branches” like a tree. The important thing about a tree diagram is the way in which the branches are connected together. Each branch has a "parent" branch, which ultimately connects back to the "root" of the tree. This is very similar to the way you organize cave surveys.

TREE NODES. If you look carefully, you will see that the tree diagram has three levels: the project file, the data files and the individual surveys. Each project, data file and survey in the tree is called a "Node." Each node is represented by a small icon that symbolizes the type of data in the node. You can also tell if the node has links or fixed stations associated with it by the kind of icon that appears next to it.

The tree diagram allows you to view and manipulate the survey data visually. When a particular node is highlighted, various different menus and buttons we be activated, which enables to manipulate the node. Likewise, right clicking on the Tree will bring up a popup menu that also allows you to manipulate the Tree. Here is detailed information about all the options for working with the Tree: 

	Node Icons
Selecting A Node 

Expanding And Collapsing The Tree 

Showing Surveys 

Inserting New Nodes 

Creating And Inserting A New File 

Renaming Files
Editing Nodes
Deleting Nodes 
	Drag And Drop 

Finding An Item In The Tree 

Modified Flag 

Opening An Existing Project 

Creating A New Project 

Saving A Project 

Save Project As 


Node Icons
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Each node in the “Tree” has an icon that shows you what each node is. This allows you to see at a glance the structure of your project and how each item is related to the cave as a whole. There are also special icons that show you if a data file has links or fixed stations associated with it. Links and fixed stations can only be used with Project Files, so these special icons only appear in Project Files. Also, links and fixed stations can only be associated with Survey Data File nodes, so only these nodes will have the special icons. Here is diagram that show each icon and its meaning:

[image: image3]
Selecting A Node

xe "Selecting A Node"

xe "Highlighting A Node"
In many instances, you will need to do things with a particular node in the tree. Normally, you do this by first selecting a node. Nodes are selected by moving the mouse cursor to the icon representing the node and clicking the left mouse button. The selected node will be highlighted with a black background. You can also select a node by using the arrow keys to move the highlight from node to node. 

Expanding And Collapsing The Tree

xe "Expanding And Collapsing The Tree"

xe "Collapsing The Tree"
The whole tree and each node can be expanded or collapsed. When a node is collapsed, all the nodes that would normally appear below it are hidden. When a node is expanded, all the nodes below it are shown. By selectively expanding or collapsing nodes, you can view exactly the amount of detail you need to understand and manipulate the data. 

All the nodes in the whole tree can be expanded or collapsed by clicking on the Expand and Collapse icons on the tool bar. Individual nodes can be expanded or contracted by moving the mouse cursor to the icon for the node and double clicking the left button. If the node is collapsed, it will expand. If the node is expanded, it will contract. You can also expand or collapse a node using the arrow keys to highlight the node and then hitting the Enter Key. 

Showing Surveys

xe "Showing Surveys"

xe "Survey"

xe "Survey\\: Showing"
Normally, the tree only displays the Project File and the Data Files under it. You can also have the program display the individual Surveys inside the data files. To do this, simply click on the "Show Surveys" check box below the tree. The program will then scan through all the data files and show the individual survey names. (If the cave is large, it may take several seconds to scan through the file.) If the Data Files cannot be located, no surveys will be displayed. (Note: if the tree is not expanded, you may not be able to see the individual surveys. Just click on the Expand Button to see the surveys.) 

Inserting New Nodes

xe "Inserting New Nodes"

xe "Nodes"

xe "Nodes\\: Inserting"
Generally speaking, you create a new project by adding new Survey Data File Nodes to the tree. This means adding the names of new Survey Files to the tree. There are several ways of doing this. If you are starting from scratch and creating a brand new project, you would use the Insert A New File options to create the first Survey Data File. This option automatically creates and inserts a new Survey Data File in the tree. 

Another way of adding new Survey Data Files to a project is to create them independently. For example, you can use the Survey Editor to create a new file. You can also use the Survey Copying features of the Project Manager to copy selected surveys from an existing file into a new file. Finally, you can use any existing Survey Data File in your project. 

If you are creating new survey files outside the Project Manager or if already have existing files, you will need to insert them as Survey Nodes in the tree. To insert a new node, highlight either the Project Node at the top of the tree, or one of the Data File Nodes. If you highlight the Project Node, the new Data File Node will be inserted at the bottom of the tree. If you highlight a Data File Node, the new node will be inserted just before the highlighted node. (Note: You cannot insert a Data File Node into Survey Nodes because the surveys are part of the Data File.) 

After you have highlighted a node, select the "Edit|Insert Existing File In Project" option from the menu bar. You can also click on the Insert Existing File In Project icon on the tool bar. The program will now display the Node Editor. The Node Editor allows you to select a Survey Data file, set links and enter comments. 

Renaming Files

xe "Rename File"

xe "Files"

xe "Files\\: Rename"
You can rename any file in your project by clicking on the "Rename File" button on the tool bar or by selecting the "Edit|Rename Survey Data File" option on the menu bar. You can of course do this operation using normal Windows tool such as Explorer, but doing it from within COMPASS also changes the name in the Project. To rename the file, you simply enter a new name into the "New Filename" box and click okay.

Editing Nodes

xe "Editing Nodes"

xe "Nodes"

xe "Nodes\\: Editing"
You can edit the information in a Data Node by highlighting a specific Data File Node and selecting the "Edit|Edit Node" options from the menu bar. You can also click on the Edit Node icon on the tool bar. The program will now display the Node Editor. The Node Editor allows you to select a Survey Data file, edit links and edit comments. 

Deleting Nodes

xe "Deleting Nodes"

xe "Nodes"

xe "Nodes\\: Deleting"
You can delete a Data Node by highlighting the specific Data File Node and selecting the "Edit|Delete File From Project" options from the menu bar. The specified node will be deleted from the tree, but the actual Data File and the data it contains will remain unchanged on disk. If you really need to completely delete the file from disk, use the Windows Explorer. 

For safety’s sake, you are not allowed delete individual surveys from the Tree. You can delete surveys using the Survey Manipulation features of the Project Manager or by using the Survey Editor 

Drag And Drop

xe "Drag And Drop"

xe "Moving Nodes"

xe "Nodes"

xe "Nodes\\: Moving"

xe "Survey Order"

xe "Order Of Surveys"
It is often necessary to process Survey Data Files in a certain order. For example, if one file contains surveys near the entrance of a cave and another file contains surveys near the back, you probably need to process the entrance file first. COMPASS processes data files in the order they appear in the tree. For this reason, you may need to rearrange the order of data files. You can do this by "dragging and dropping" the Data File Nodes. 

To drag and drop a node, simply move the mouse cursor to the node you want to move and hold down left mouse button. This has the effect of "picking" up the node. You can now move or "drag" the node to its new position and release the mouse button. This has the effect of "dropping" or moving the item to the new position. 

If you have turned on the Show Surveys option, you cannot drag and drop surveys names that appear in the tree. This is a safety feature so you don't accidentally move surveys. You can move surveys using the Survey Manipulation features of the Project Manager. 

Finding An Item In The Tree

xe "Finding An Item In The Tree"

xe "Searching"

xe "Searching\\: Tree"

xe "Tree Searching"
If you are working on large project, there may be hundreds, even thousands of different surveys. If you have enabled the Show Surveys option, it can very difficult to locate an individual survey in the tree. As a result, the program allows you to search the tree for surveys or any other item in the tree. 

To search the tree, select the "Edit|Find" option from the menu bar. The program will then display the "Find" dialog box. Simply enter the name you wish to search for and click on the "Find Next" button. The program will scan through the tree, starting at the highlighted node and search for a matching item. If a match is found, the match will be highlighted. The search can be repeated, looking for another match, by again clicking on the "Find Next " button. 

You can search for partial matches using "Wild Card" characters. The wild card character "?" will match any character. For example "AB?" would match AB1, AB2, or ABC. 

You can also control whether the search looks for whole word matches. You can toggle this option by clicking on the "Whole Word Match" check box. When "Whole Word Match" is off, incomplete matches are displayed. For example, "A2" would match "A2", "A20", "A21" etc. When the "Whole Word Match" option is on, "A2" will only match "A2". 

Modified Flag

xe "Modified Flag"
The Project Manager keeps track of whether the project has modified while you have been working on it. If any changes have been made, the "Modified" box at the bottom of the window will show the word "Yes." If the project has been modified, you should save the changes to disk before doing any processing. 

Opening An Existing Project

xe "Opening An Existing Project"

xe "Files"

xe "Files\\: Opening"

xe "Projects"

xe "Projects\\: Opening"
If you have an existing project, you must open the project before you can edit, process, or view the data. To open an existing project, select the "Files|Open Project" from the menu bar. 

Also see: 

Creating A New Project 

Saving A Project 

Save Project As 

Saving A Project

xe "Saving A Project"

xe "Files"

xe "Files\\: Saving"

xe "Projects"

xe "Projects\\: Saving"
If you have made changes to an existing project, you should save the project to disk. Until the project has been saved, the project data is not safe and can be lost if the computer crashes. Also, you cannot process or view the current project until it is saved to disk. To save a project to disk, select the "File|Save Project" option from the menu bar. When you save a Project, the Project Manager creates a backup copy of the Project File. Also see: 

Opening An Existing Project 

Creating A New Project 

Save Project As 

Save Project As

xe "Save Project As"

xe "Project"

xe "Project\\: Save As"

xe "Files"

xe "Files\\: Save As"
This option allows you to save the current project under a new name and/or a new directory. This allows you to take existing projects and use them as a basis for new and different projects. To save a project under a new name or directory, select the "File|Save Project As" option from the menu bar. 

Also see: 

Opening An Existing Project 

Creating A New Project 

Saving A Project 

Creating A New Project

xe "Creating A New Project"

xe "Projects"

xe "Projects\\: Creating New"
This option clears the Project Manager and prepares it for entering new data. To create a new project, select the "File|New Project As" option from the menu bar. 

Also see: 

Opening An Existing Project 

Saving A Project 

Save Project As 

Node Editor

xe "Node Editor"

xe "Editing Nodes"
The Node Editor is activated by highlighting a particular Survey Data Node and executing either the Insert Existing File In Project or  Edit Nodeoperations. The Node Editor allows you to insert or change a Survey Data File for a particular node in the tree. It also allows you to enter linking information, fixed station and the geographic location of the cave. 

The Node Editor has two pages. Each one performs a different set of operations. Here is a complete description:

1. File Page. The File Page allows you to work with the files associated with a node. Here is detailed information about operations that you can perform:

Selecting A File 

Node Comments 

Using The Path
Import File
2. Links Page. Links have two purposes in COMPASS. The first is to set a station's location to a fixed coordinate. The second is to link together surveys that have duplicate station names. Here is a detailed description of working with links:

Geographic Fixed Stations 

Linking Files 

Selecting A File

xe "Selecting A File"

xe "Node Files"

xe "Node Files\\: Selecting"
The File Page of the Node Editor shows a filename in a box at the top of the page. This is the file that will appear in the tree at the node that you have highlighted. When you tell the Project Manager to Process and View the cave, this file will be Closed and Compiled as the Project Manager works its way through the tree. 

You can type a file name directly into this box, but it is usually easier to use the "Browse" option. To activate the browse option, simply click on the "Browse For A File" button. A typical Windows file dialog box will appear which allows you to scan through directories looking for the appropriate file. The file you select must be a COMPASS Survey Data File which is normally has the extension ".DAT". When you have located the proper file, select it by clicking on it and then click the "OK" button. 

Using The Path

xe "Using The Path"

xe "Path"

xe "Path\\: Using"
Most of the time, the Project File will be in the same folder as the survey files you are processing. If this is the case, only the file name needs to appear in the project. However, if the project file is in one folder, and some of the data files are in another folder, you have two choices. You can either Import the data into the same directory as the project or use both the file name and the path name in the project. Using the path name has the advantage of keeping different parts of the project separate. 

As an example of using paths, let's say you have a project where you want to view three caves: Cat Cave, Dog Cave and Cow Cave. Let's also say that Cat and Dog are in the same folder, but Cow is in a different folder. If you put the project file for these caves in the same folder as Cat and Dog,  pathnames are not needed for these caves. However, since Cow is in a separate folder, the full path must be used. Here's how it would look: 

CAT.DAT 

DOG.DAT 

C:\CAVE\NORTH\COW.DAT 

You can have the browser automatically add the path by clicking on the "Use Full Path" check box. Using the full path is very useful because it allows you to combine cave files from anywhere on your disk. The one disadvantage of using the full path is that if you move any of the files to a different folder, you must change the path in all of the projects that use the file. (For more information on files, folders and path, refer to Windows help or a book on Windows.) 

Importing Files

xe "Import Files"

xe "Files"

xe "Files\\: Import"
As you add files to your project, some of these files will be in different folders than your project. You can use the path option so COMPASS locate the files in different folders or you can have COMPASS copy the files to the same directory as your project.

You do this by selecting the “Import File” option on Node Editor. When you exit from the Node Editor by clicking on the OK button, the program will copy the file to the project directory. You can also use Windows tools such as Windows Explorer to copy your survey files to different directories. The only disadvantage to importing files, is that your hard drive can become cluttered up with multiple copies of the same file. This can be dangerous because you could enter survey data into the wrong copy of the file. For this reason it is usually best to a small number of copies of survey files on your disk. Once you have imported a file, you can use Windows Explorer to delete the original copy.

Entering Node Comments

xe "Entering Node Comments"

xe "Node"

xe "Node\\: Comments"

xe "Comments"

xe "Comments\\: Node"
Each Survey Data Node can have a written comment. The comment can be used to enter any written information that might be associated with the node. Comments can consist of one or more lines of text. To enter comments, simply type them into the "Comment" box in the center of the Node Edit dialog box. 

Linking Survey Files

xe "Linking Survey Files"
COMPASS has a very powerful feature that allows you to control the way in which survey files are connected together and the way they are connected to the outside world. This feature is used in two ways:

1. Preventing Station Name Conflicts. In some instances, you will be combining survey files where there are duplicate station names. For example, you might be combining two caves that both have an "AB" survey. This would probably mean that two different stations would have the same name. Having duplicate names in different caves would confuse the program. (It will assume that the first station it sees is the basic location of the station and the other locations are large closure errors.) This will cause long, erroneous lines to be drawn between the two caves. 

Linking allows you to combine survey files that have duplicate station names. With linking, you tell the compiler which stations are to be used to connect two cave files together. Linking tells the compiler to remember only the linking stations and forget all other stations between files. This way, duplicate station names do not interfere with each other. 

Linking is only necessary when you have duplicate station names. As long as there are no duplicate station names, you can ignore linking.

Linking also effects the way the Loop Closer processes files. Click here for detailed information on how linking effects the Loop Closer.

2. Fixed Stations. COMPASS also allows you to tie individual stations in the cave to fixed geographic locations in the outside world. For example, you can tie stations benchmarks, surveyor’s grids, topo maps, and other outside references together. This has the effect of making all the locations in the cave relative to the real world. For example, if the entrance station of a cave is tied to a GPS receiver fix, then all the stations in the cave will have their actual elevation above sea level. 

Click here for complete information about creating and using links.

Entering Links

xe "Entering Links"

xe "Links"

xe "Links\\:Entering"
Links are a way in which caves with duplicate survey station names can be connected together. It is also a way in which survey stations can be tied to fixed geographic locations. 

 To enter links, select a survey file (.DAT) from the Survey Tree and then press the "Edit Node" button. When the window appears, select the "Links" page. 

You simply type the links into the spreadsheet display. If you are entering links to connect surveys together, simply type the station name of the link into the first cell. If you are entering fixed station information, you enter the East, North and Vertical position into the remaining cells. 

You can insert a blank link into the list by clicking on the "Insert" button. You can delete the highlighted link by clicking on the "Delete" button. Here is more detailed information about links: 

	What Are Links? 

Carrying Links Across Files 

Mixed Linked And Unlinked Files 

Entering Links Into The Grid
	Using Links To Control Loop Closing
Fixed/Geographic Referenced Stations 

Other Link Issues
Manual Linking


What Are Links?

xe "What Are Links?"

xe "Links"
Linking is an optional feature that allows you to combine survey files that have duplicate station names. With linking, you tell the compiler which stations are to be used to connect two cave files together. Linking tells the compiler to remember only the linking stations and forget all other stations between files. This way, duplicate station names do not interfere with each other. 

Linking is only required when you have duplicate station names. However, there are some other circumstances where linking can be useful. For one thing, linked files compile slightly faster because the compiler doesn't have to remember so many stations at one time. For another, the DOS version of COMPASS requires linking on large files because of the memory limitations of DOS. Windows does not have memory limitations, but if you plan to use your files with COMPASS for DOS, you may want to use links. 

Links specify the station or stations in an old file that makes the connection to the new file. You can have up to 500 links between files. The value of linking is that after the compiler has been given all the linking stations, it can forget all other stations in the old file. This also frees up a large block of memory. 

As an example, here are two very simple survey files, with the shots shown afterward: 

 COW.DAT -     A1->A2      A2->A3      A3->A4

 TREE.DAT -    A3->B1      B1->B2      B2->B3 

You will notice that the station A3 is first defined in COW.DAT. It appears again in TREE.DAT where it defines the connection between COW.DAT and TREE.DAT. That means that to process TREE.DAT, the only thing the program needs to know about is A3. It can forget about everything else in COW.DAT but A3. For this reason, we need tell the program that A3 is the connection. As a result, the linking information for the two files would be: 

  COW.DAT  --  No Links 

  TREE.DAT --  A3 

You will notice that the link A3 is specified for TREE.DAT, not COW.DAT. This is because the program does not need any links to process COW.DAT because it is the first file to be processed. Since the program only needs to know that A3 is the link when it begins processing TREE.DAT, you must put the linking station with TREE.DAT.

Carrying Links Across Files

xe "Carrying Links Across Files"

xe "Links"

xe "Links\\: Carrying"
If you have more than two files, some links may need to be carried across files. Here is a set of files showing the survey shots:

COW.DAT      A1->A2    A2->A3    A3->A4    A4->A5

TREE.DAT     A3->B1    B1->B2    B2->B3    B3->B4

DOG.DAT      A4->C1    C1->C2    C2->C3    C3->C4

In this situation, there is a connection between the first file and the two remaining files. The important thing to note is that one station has to be "carried" from the first file to the third. This is because the Compiler "forgets" stations between files. In the example above, station A4 in the first file, is the link to the third file. Since the compiler forgets all stations after processing COW.DAT and TREE.DAT, you must to tell the compiler not to forget A4 after processing both COW.DAT and TREE.DAT. In other words, we need to "carry" A4 from COW.DAT, through TREE.DAT to DOG.DAT. Here are the links for these files: 

  COW.DAT
-- No Links 

  TREE.DAT
-- A3, A4 

  DOG.DAT
-- A4 

As you can see, A4 is linked into TREE.DAT, but it is not used by TREE.DAT. It is simply carried forward so it can be used in DOG.DAT. 

Mixed Linked And Unlinked Files

xe "Mixed Linked And Unlinked Files"

xe "Links"

xe "Links\\: Mixed"
You can combine linked and unlinked surveys in the same project. For example: 

DOGCAVE.DAT
-- No Links 

CATCAVE.DAT

-- No Links 

PIGCAVE.DAT

-- EF23 

COWCAVE.DAT
-- No links 

Here, there are no links between DOGCAVE and CATCAVE, so the compiler remembers all the stations in DOGCAVE while it processes CATCAVE. However, when PIGCAVE is processed, there is one link, EF23. As a result, the compiler "forgets" all the stations in DOGCAVE and CATCAVE except EF23. Finally, there are links from PIGCAVE to COWCAVE, so the compiler remembers all the stations in PIGCAVE when it processes COWCAVE. 

Entering Links Into The Grid

xe "Entering Links Into The Grid"

xe "Links"

xe "Links\\: Entering"
To create links, just type the connecting station name into the grid at the bottom of the Node Editor. Linking station names go in the left most cells of the grid. The three right cells are used to create fixed stations. Here is an example of linking two files: 

OLDCAVE.DAT
-- No Links 

NEWCAVE.DAT
-- B22,  C17 

In this example, B22 and C17 are linking stations between OLDCAVE and NEWCAVE. You will notice that OLDCAVE has no links. This is because it is the first file to be processed, and it does not need to be connected to a previous file. If you are working with three or more files, you may have to carry links between files.

Geographic Fixed Stations

xe "Geographic Fixed Stations"

xe "Longitude"

xe "Latitude"

xe "UTM"

xe "Fixed Station"

xe "Stations"

xe "Stations\\: Fixed"

xe "Control Points"

xe "Constrained Stations"
Fixed Stations. It is sometimes useful to set one or more stations in a cave to a fixed location. Compass allows you to tie any station in your surveys to fixed location that consists of an East, North and Vertical offset. In Compass, fixed stations are applied at the Project level rather than the  Surveylevel. This allows you to have different projects with different fixed coordinates while using the same survey data. For example, you could have version of a project where one is tied to GPS coordinates, while the other is tied to a land survey.

How Fixed Stations Work. Tying a station to a fixed location has the effect of making all the stations in the cave relative to that location. For example, if you tie the entrance of a cave to a GPS location, all the stations in the cave will have GPS locations. Thus, with a GPS receiver, you can locate the surface positions of rooms and passages in the cave. You will also be able to tell the elevation of various rooms and passage above (or below) sea level.

Multi-Cave Systems. If you set the entrances of more than one cave to GPS locations, you will be able to view a combined plot of all the caves without having to make overland surveys between the caves. This makes it much easier to combine multiple caves into a cave system.

Multiple Fixed Stations. If you set more than one station in the same cave to a fixed location, COMPASS will use its loop closer to compensate for any error that occurs between the GPS locations and the survey. This can make the plots more accurate. Warning. GPS receivers can have relatively large errors at certain times. For example, during the time of an international crisis the military may intentionally degrade the accuracy of the GPS system. Be sure that you understand the workings of your GPS receiver before setting multiple stations. If you set two or more inaccurate fixed stations, it can cause distortion of the plot.

Other Coordinates Systems. Fixed coordinates don’t have to be derived from GPS. They can be any other coordinate system you choose. For example, you could take your coordinates from benchmarks, topo maps, land surveys, precision (theodolite) surface surveys or even use your own coordinate system derived by taking measurements from a local landmark.

Fixed stations are usually, applied to entrances, but they are the only stations that are accessible to the surface. However, if you have "cave radio" coordinates or fixed coordinates, you can apply them to station in the interior of the cave.

Here is more detailed information about fixed stations:  

Geographic Reference Systems 

Local Reference Systems 

Fixed Stations As Loops 

Creating And Entering Fixed Stations 

Viewing Geo-Referenced Coordinates 

Editing And Converting Geographic References
Geographic Reference Systems

xe "Geographic Reference Systems"

xe "Reference Systems"

xe "Reference Systems\\: Geographic"
Fixed station locations can be based on a geographic reference system such as UTM and longitude and latitude. COMPASS uses UTM as its standard geographic measurement unit, but you can also enter locations in Longitude and Latitude and COMPASS will convert it to UTM. You can get this information from maps, benchmarks and from GPS receivers. Once you have connected a cave to a geographic reference point, all stations and locations within the cave will be relative to this location. For example, if you tie the entrance of a cave to its UTM coordinates, the location of all passages will be in UTM. This means that you can find the elevation above sea level for any passage in the cave. You can also find location of passages on the surface by comparing the coordinates of the passage to the coordinates from a GPS receiver. 

Local Reference Systems

xe "Local Reference Systems"

xe "Reference Systems"

xe "Reference Systems\\: Local"
You can also use other coordinate systems. If you are not using Longitude, Latitude or UTM, the fixed location can be based on the relative distance between a fixed location on the earth and a point in the cave. This type of fixed location can be anything like a telephone pole, fence post, building corner, a land surveyor’s mark, a section corner, a bench mark etc. Another way of creating your own reference system is to take measurements from a topo map.  

Fixed Stations As placeLoop

xe "Fixed Stations As placeLoop"
If you have a cave with more than one fixed location and you "Close" the cave, the Loop Closer will treat the intermediate stations as a loop. This means that the Loop Closer will look for errors between the two fixed stations and "adjust" intermediate stations to reduce the effect of the error. Fixed Stations, themselves, are never adjusted or moved as the cave data is processed. 

Creating Fixed Stations Step-by-step

xe "Fixed Stations Step-by-step"

xe "UTM"

xe "UTM\\: Convergence"

xe "Convergence"

xe "Convergence\\: UTM"
In COMPASS, Fixed Stations can only be entered at the "Project" level. The advantage of this is that since COMPASS can have more than one Project for the same data, you can have more than one set of geographic reference points for a particular cave. For example, you could have one Project where the cave is tied to a local reference and another where it is tied to UTM. 

Step-By-Step Instructions 

1. Project Manager. Since Fixed Stations are created at the project level, you must go to the Project Manager to enter a Fixed Station. You cannot do this operation from the Editor.

2. Creating A Project. The Project Manager can work with either individual ".DAT" survey files or ".MAK" project files. Since the fixed stations are entered at the project level, you must have a Project File before you can enter a Fixed Station. If you don't have a Project File, go the "Project Creation Wizard" on the "File" menu of the Project Manager. Just follow the instructions. If you already have a Project, you can use it. 

3. Opening The Project. Once you have Project File, open it with the Project Manager. Remember that this must be a file with the "MAK" extension like LECH.MAK. You cannot use "DAT" file to create a link. Once you have opened the Project File, click on the "Expand Tree" button on the tool bar at the top of the screen. This will expand the "Survey Tree" to show all the "Nodes." 

4. Selecting Survey File. You now need to select the survey file that has the station or stations you want to use as a Fixed Station. Just click on and highlight the survey file in the "Tree." Now click on the "Edit Node" button at the top of the screen. This will display the Node Editing dialog box. Select the "Links Tab" at the bottom of the page. This will take you to the Links Editor. 

5. Entering Links. The Links Editor displays a grid that allows you to enter the station name and the North, East and Vertical coordinates of the station. Enter the coordinates of the station in the cells to the right of the station name. The units can be feet or meters as selected by the check boxes below. As an example: 

A1  10.1  20.2   30.3 

This illustrates a fixed station. The station A1 is fixed to the location 10.1 east, 20.2 north and 30.3 vertical from the fixed reference point. 

The East, North and Vertical coordinates can be in either feet or meters. The coordinates can be relative to a local coordinate system or a worldwide geographic reference system. COMPASS uses UTM as its internal reference system; however, it can convert to and from longitude and latitude. To use geographic referenced coordinates, enable the "Use UTM" checkbox. If you are using UTM, be sure to set a "Zone" number. Only one zone is allowed for each cave file, but you can have different files in different zones. You can enter up to 500 Links for each survey file. 

If you want to enter the data in Longitude and Latitude, first highlight the row in the grid for the station you want to set. Then, click on the "Geographic Calculator" button. The program will then display a dialog box that will allow you to convert back and forth between Longitude and Latitude and UTM. At the bottom of the box will be the UTM coordinates in meters. (Note: UTM is always displayed in meters on maps.) If you enter Longituted and Latitude coordinates, they will automatically be converted to UTM. Likewise, if you enter UTM coordinates, they will automatically be converted to Longitude and Latitude.This way, you can enter longitude and latitude values. You can also use the dialog to verify your UTM coordinates by converting them to longitude and latitude and then checking the map. 

6. Convergence. Cave plots are normally aligned to True North or Magnetic North. (This depends upon whether you have used Declinations to convert Magnetic North to True North.) Because of the fact that the square, UTM grid is superimposed on a spherical earth, the UTM grid may not be aligned with true north. The Convergence option allows you rotate the plot so it aligned with the UTM Grid. This is done by subtracting the Convergence Angle from the Azimuth of each shot. 

To use the Convergence Option, enable the "Use Convergence" checkbox and enter a value into the "Convergence" box. Normally, you would get the Convergence value by pressing the Geographic Calculator button, which will allow you find the Convergence value based on the location on the earth. Normally, the Convergence value is limited to a range of minus three to plus three. However, you can also enter other numbers not based on Convergence to add a rotation to the cave file. With "Use Convergence" checkbox enabled, the cave will be processed with this section rotated to match the local UTM grid. 

Important: Since the convergence angle rotates the cave from true to UTM grid north, you must correctly set the declination before using convergence. This will assure that all the shots align to true north before they are aligned to the grid. 

Since Convergence is set as a part of the Fixed Stations used with each file, the Convergence takes effect at the point that the file is processed. Once the Convergence is set, it remains in effect until it is modified. If it is not modified, it remains in effect for all remaining files. 

Viewing Geo-referenced Coordinates
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When you create a project referenced to a geographic coordinate system, all survey stations in the cave will have positions relative to the fixed stations. You can view these locations in the Viewer.

Elevations. If you have set the elevation of the fixed stations to their altitude above sea level, all the station elevations will be displayed with their elevation above sea level. This means that if you press the "Label Elevations" button on the Viewer Tool Bar, the elevations labels next to each station will give the elevation of the station above sea level.  

Locations. If you have referenced a fixed station to UTM or other GPS coordinate, all the station locations in the cave will be the actual geographic locations. You can also find any East, North or Vertical coordinate in or around the cave using the Measuring Tool. Just select "Tools|Measure Distances/Angles" from the menu bar. You can take this information to the surface and use a GPS receiver to locate the position of various rooms and passages in the cave.

Geographic Measurements
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There are several systems that are used by cartographers to locate landmarks and terrain on the surface of the earth. Here is a description the systems that are relevant to cave cartography:

Longitude And Latitude. One of the standard systems for locating a point on the face of the earth is called longitude and latitude. The system measures the location of a point on the surface of the earth in degrees. Longitude measures the number of degrees east or west of a north/south line (meridian) that runs through Greenwich, England. Latitude measures the number of degrees north or south of the equator. 

Longitude and Latitude are usually displayed in Degrees, Minutes and Seconds. It is often displayed on maps with single and double quotes used to specify the minutes and seconds part: 

106º 37' 30" 

Longitude and Latitude can also be displayed as decimal degrees. For example: 

106º 37' 30"      =   106.625 

Locations west of the England have negative longitudes and locations east of England have positive longitudes. Locations north of the equator have positive latitudes and locations south of the equator have negative latitudes. 

Geodetic Datum. One of the problems with any measurement on the surface of the earth is the fact that the earth is not a perfect sphere. In fact, it has a lumpy pear shape to it. As a result, doing geographic calculations requires special numerical constants to compensate for the odd shape of the earth. Over the years, surveyors have gradually refined these constants to make them more and more accurate. Also, some of them are specially refined for particular countries or regions. The result is that there are dozens of different constants that have been used to make maps and surveys. For this reason, different maps done at different times or in different parts of the world use different constants. 

These numeric constants are called Geodetic Datum and most maps specify which datum was used to create the map. Each Datum has a name that is used to identify a specific set of constants. For example, in the United States, most maps have been created using either "North American 1927" or "North American 1983". COMPASS allows you to Enter, Edit or Convert Geographic References using any one of 23 standard Geodetic Constants. 

Universal Transverse Mercator (UTM). While Longitude and Latitude is universally used for navigation, it is awkward for tasks like locating caves. There are several problems with Longitude/Latitude in this situation. First, while the earth is a sphere, most maps are printed on flat pieces of paper. When you project longitude and latitude lines on a flat piece of paper, it inevitably results in distortion. For example, in some projection systems, the lines will be curved. Trying to adjust a cave map to curved lines would be very awkward and confusing. Second, since the longitude/latitude system uses degrees as the unit of measure, it is hard to calculate the distance between two points.

UTM is a more useful system for locating caves because it uses a square grid of Cartesian coordinates. In order to maintain the square grid on a curved earth, UTM divides the earth into 60 narrow zones, each one six degrees wide, running north and south at right angles to the equator. Each zone is about 415 miles (668 kilometers) wide at the equator. Each zone is so narrow that the earth’s curvature has a minimal effect and a square grid can be used inside the zone. This means you don’t have to worry about mapping against curved lines. Each zone is numbered. Zones in the Northern Hemisphere are positive and zones in the Southern Hemisphere are negative. 

UTM coordinates are the measured distance north from the equator and east from the left edge of the zone. Thus with these two numbers and a zone number, you can specify the location of any point on earth. UTM coordinates are usually specified in meters, but occasionally they may be converted to feet.

Because, of the curvature of the earth, the zones narrow at the north and south ends.

Convergence. Because UTM places a square grid on top of a curved earth, the longitude lines will appear to curve underneath the grid. For this reason, the UTM grid lines don’t always point directly at the North Pole. "Convergence" is the amount the UTM grid is misaligned with the earth's North Pole. If you want your caves precisely aligned with UTM grid and not True North, you must rotate the cave to compensate for the convergence. COMPASS allows you to use the convergence angle to align a cave plot to match the UTM grid. Click here for more information about setting the convergence value.

Geographic Editor/Calculator
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COMPASS has a special Geographic Calculator that allows you to edit and convert geographic coordinates between different systems. It also allows you to generate magnetic declinations for specific times and places. Here is detailed information about the calculator:

	Basics 

	Overview
Magnetic Declination
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	Location Map


Geographic Calculator Overivew
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The Calculator is used in three different ways. First, it is used to enter fixed stations locations. Second, it can be used as a stand-alone calculator for converting coordinates between different systems. Finally, it can be used to calculate the magnetic declination for a particular survey.

1. Calculating Base Locations. One important use of the Geographic Editor/Calculator is set the Base Location of a project. The Base Location is used to specify the general location of cave or cave system. It used for things such as calculating the magnetic declination. 

2. Calculating Fixed Station Locations. Another important use of the Geographic Editor/Calculator is to enter or edit values for Fixed Stations. To do this, you must be working with a Project and you must highlight one of the surveys in the Survey Tree. Once you have highlighted one of the surveys, press the Edit Node button. Finally, select the "Links Page", check the "Use UTM" check box and press the "Geographic Reference" button. Once you have made your calculations, you can use them to set the location of the station by clicking on the "OK" button. If you click on the "Cancel" button, the new value will not be used. (See the “Doing Calculations” section below for detailed information about using the Calculator.)

Calculating UTM Convergence Angles. You can also use the Geographic Calculator to calculate the UTM Convergence angle. This angle is used to rotate the cave to match the local UTM grid. To do this, you must be working with a Project and you must highlight one of the surveys in the Survey Tree. Once you have highlighted one of the surveys, press the Edit Node button. Finally, select the "Links Page", check the "Use Convergence" check box and press the "Geographic Reference" button. Once you have made your calculations, you can use them to set the Convergence Angle by clicking on the "OK" button. If you click on the "Cancel" button, the new Convergence value will not be used. See the “Doing Calculations” section below for detailed information about using the Calculator.)

3. Using Geographic Calculator Stand-Alone. To run the Geographic Editor as stand-alone tool, select the "Tools|Geographic Editor/Calculator" option from the menu bar.

Doing Calculations. The Geographic Editor/Calculator is divided into two main sections. The top half handles Longitude and Latitude and the bottom half handles UTM. If you are working with Longitude and Latitude, you simply enter or read values in the boxes at the top. If you are working with UTM, you enter or read values from the bottom.

Converting Data. As you enter a location in either Longitude/Latitude or UTM, the program automatically converts it to the other value.  This makes it easy to convert from one unit to another.

Converting Between Different Datum. It is sometimes useful to convert Longitude and Latitude measurements from one datum to another. To do this, first make sure the “Enable Datum Conversion” checkbox is enabled.  Next, simply select a different datum. The program will automatically convert the coordinates to the new datum. Click here for more information about converting between different Datum.

4. Calculating Declination. Magnetic Declination is the difference between true north and magnetic north. Since cavers usually survey with magnetic compasses, declination effects the accuracy of cave surveys. This especially true for caves that are surveyed over a long period of time since declination changes over time. This can cause severe loop closure errors between survey that were done at different times.

As a result of this problem, the Geographic Calculator allows you to calculate the magnetic declination for a particular location and date. Because of the fact that the declination is calculated for a precise time and date, it can be much more accurate that the usual methods such as reading it off a map. 

Page-1 - UTM/Longitude/Latitude
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The top part of Page-1 allows you to set and manipulate geographic positions in either UTM or Longitude/Latitude. To manipulate a geographic position, you simply enter the values in the appropriate box. For example, if you are working in Longitude and Latitude, you simply enter your values in the Longitude and Latitude boxes. You have the option of entering the information either as degrees or degrees, minutes and seconds. 

Automatic Update. As you enter new values, they are automatically converted to the opposite unit of measure. For example, if you entering the values as UTM coordinates, they will be automatically converted to Longitude and Latitude. In this way, the program always maintains and displays  the position in both units of measure. 

This part of the page is divided into several sections. Here is a complete description of each subsection of the Calculator: 

1. Longitude And Latitude. This section allows you to enter or read longitude and latitude values. The values can be viewed or edited as Decimal Degrees or Degrees, Minutes and Seconds. If you change the Degrees, Minutes and Seconds part, the Decimal Degrees will change and vice versa. Each value can be incremented or decremented by pressing the up and down arrow buttons.

Longitude can be either East or West longitude depending on whether the location is east or west of Greenwich England. Also, Latitude can be either north or south depending on whether the location is north or south of the equator. Pressing the buttons to the left of the Longitude and Latitude windows allows you to specify West, East, North or South. 

Note: as you enter values in the Degrees, Minutes and Seconds boxes, the program is constantly checking for valid values. For example, if the number of Minutes exceeds 60, the Degrees value will be incremented and the minutes set to 1. This can lead to unexpected results when you type values directly into the box. For example, if the Seconds box has 39 in it and you type 1 into the box, the new value will be 139 and the program will automatically adjust everything. Under these circumstances, it can seem pretty strange, because what you type changes immediately. 

2. Datum. This combo-box holds 23 standard Geodetic Constants. Geodetic Constants are used to control the conversion between Longitude/Latitude and UTM. You can select a different Datum  by clicking on the down arrow and highlighting any one of the options. The datum is spelled out in the list, but it is often abbreviated on maps. For example, the "North American 1927" datum is often abbreviated as NAD27. 

Normally, you would choose a Datum that matches the one used on a topographic map, GPS receiver or Land Survey. The default datum in the Calculator is "North American 1927." This is the most commonly used datum in the United States for older topographic maps and some state and county maps. Newer maps tend to use “North American 1983.”

3. Converting Between Different Datum. The program will automatically convert the coordinates if you select a different datum. In some instances, you may want to switch datum without actually converting the coordinates. For this reason, Compass allows you to disable the automatic conversion. To disable automatic conversion, uncheck the “Enable Datum Conversion” options.

Likewise, you may not want the altitude to be converted when you are converting coordinates. To disable altitude conversion, uncheck the “Convert Elevation” option.

4. Convergence. Because of the way UTM coordinates work, the UTM grid may be rotated a small amount relative to true north. The convergence value can be used to compensate for this rotation. 

5. UTM. UTM divides the globe into narrow north-south slices. Each slice is called a Zone. The East box shows the distance from the West Side of the zone. The North box shows the distance from the equator or South Pole. The UTM coordinates are always specified in meters. If you are entering fixed stations and you are using feet, the values will be converted to feet when you exit.

Page-2 - Map

The second page allows you to see the location that you specified on a map. This makes it easy to visually verify that the locations you are entering are approximately right.

Mouse Cursor. As you move the mouse across the map, the coordinates of the cursor position will be displayed in the boxes below the map. This is useful for finding the approximate coordinates for various locations around the world.

The Marker. The geographic location you have specified on Page 1 will be marked by a “cross-shaped” cursor that appears on the map. You can move the cursor to a new location by clicking anywhere on the map. This will change Longitude and Latitude values on Page 1 and effect the  Magnetic Declination calculations on Page 3. This option can be disabled to protect you from accidentally changing the value. (See below.)

Options. There are two options that control the way the map is displayed:

1. Auto Center. If this option is enabled, the program will scroll the window so that the Marker is always visible. This makes it easy to find the Marker after the position moves.

2. Read Only. When this option is selected, you clicking on the map will not change the location values. This is designed to protect you from accidentally changing the position.

Page-3 - Declination
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The bottom part of Page-1 three allows you to calculate magnetic declination for a specific time or place. The process is relatively simple. As you make changes to the location, elevation and date, the program automatically recalculates the declination and displays the result.

Elevation and Date. To accurately predict the declination, the program must have the elevation of the cave and the date the survey was carried out. Depending on how the Geographic Calculator was run, Compass may have taken the information from the survey files. Otherwise, you must enter this information manually.

Entering Dates. Dates are displayed in simple numerical format. There are two ways to change the date:

1. Click on the “down arrow” to the right of the “date box.” This will display a small calendar. You can select any day on calendar by clicking on it. To change the month, click on the arrow buttons in the upper right and left corners of the calendar. To change the year, click once on the year-display. An up and down arrow will appear to the right of the year. Clicking on these buttons, causes the year to increase or decrease.

2. Click on any field in the date box. This will highlight that field. Now hitting the Up and Down arrows on your keyboard will cause the field to increment and decrement.

Entering Elevation. This value is the elevation of the cave above sea level. Elevations can be in either feet or meters and you enter them by typing the numbers into the corresponding box. As you change one value, the other value is automatically recalculated so you always see the correct value in both the feet and meters.

Important Note. It is important that location be set properly for the declination to be accurate. Depending on how the Geographic Calculator was run, Compass may have taken the information from the survey files. Otherwise, you must switch to the first page and enter this information manually.

Magnetic Declination
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The earth’s magnetic field has a North and South Pole that does not exactly match the real North and South Pole. As a result, a compass will not point exactly at true north. Depending on where on the globe, the magnetic pole may appear to the right or left of true north. In addition, the magnetic poles gradually wander over time. This means that over a period of years, the direction of magnetic north will slowly change. As a consequence of these effects, the direction of magnetic north will depend on where you are and what year it is.

Declination. The difference between magnetic north and true is called declination. This angle can be used by Compass to correct a cave plot so it is aligned to true north. This is especially important for large cave systems that are surveyed over several years because the magnetic north can change as different parts of the cave are surveyed. This can cause large loop closure errors between different sections of the cave.

Predictions. The magnetic declination can be calculated for various times and places using a complicated mathematical model. The same model can also be used to predict the declination up to five years into the future. Compass incorporates these models to make it easy to find the declination of for a particular time and place.

Currently, the program can give you declinations for any date between 1900 and 2005. The program will also give you values for dates outside this range, but the accuracy deteriorates as you move beyond this range. In the future, as new models are released, they will be incorporated into Compass.

Warnings. You should be aware that local anomalies can distort the magnetic field and change the declination. For example, minerals in the subsurface, power lines, and geologic faults can create local disturbances to declination. For this reason, the best way of find the true declination is to setup a survey standard near the cave. One way to do this would be to set up two permanent markers aligned to true north. By periodically testing compasses against the standard, you find local declination and also find errors in the instruments.

Technical Details. There are several magnetic models that are used to model the earth’s magnetic field and thus calculate declinations. Compass uses the “International Geomagnetic Reference Field” (IGRF) model for future predictions and the “Definitive Geomagnetic Reference Field” (DGRF) model to calculate past declinations. The software has been carefully tested against the government standards. Here is a link to more information:

http://www.ngdc.noaa.gov/IAGA/wg8/wg8.html
Other Uses For Links
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With the DOS version of COMPASS, links were required if you were working with a large cave. This was because DOS had severe memory limitations. Linking saved memory because most of the stations were discarded between files, leaving space to process the next file. Linking also makes processing faster. Under Windows, memory is virtually unlimited, so there is little need to conserve memory. Linking can be ignored unless you are dealing with duplicate stations. Also, since Windows computers are usually much faster than the old DOS machines, there is little reason to worry about processing speed.

However, since the DOS version of COMPASS will run on even the most primitive computers, you might find some situations where you would need to use it instead of the Windows version. For example, you might be working in a third world country with a primitive infrastructure. If you are going to be working with large surveys in the DOS version, you may have to use linking. For more information, refer to the DOS manual called COMPASS.TXT.

Manual Linking Multi-File Surveys
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It is sometimes useful to manually link together several survey files without generating a make file. This option is rarely used, but it is still handy in some instances. Basically, this option works by processing individual files one at a time. The program prompts you for each individual filename and links to the new file. 

To manually process a series of files select the "File|Link Files Manually" option from the menu bar. The program will display the Manual Link dialog box. To select the first file for processing, click the cursor on the "Select A File" button. This will allow you to browse through your disks looking for a file. Select a file and click on the OKAY button. Because this is the first file, there is no need for links, so the Link Grid is disabled. When you are ready to compile this file, click on the "Compile" button. The program will compile the selected file. 

When the compile is complete, the Manual Link dialog box will re-appear. You now can select the next survey file just like before. The Link Grid will now be enabled, so you can enter the linking stations to the next file. Determining the linking stations is described in detail in the Project Manager help files. The linking station name is entered in left column. If the station is to be a fixed location, the north, east and vertical location is entered in the next three columns. The units can be feet or meters as selected by the buttons below. 

After you have selected the next file and entered any linking information, click on the "Compile" button to process the next segment. The list box in the middle of the window shows the names of the files that have been processed. This helps you keep track of where you are in the process. When you have processed all the files, just click on the "Done" button.

Setting Base Locations
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A Base Location is used to specify the general location of the cave or caves in a project. It is different from the Fixed Stations locations that are used to define the location of entrances, radio locations or other positions within a cave system. Fixed station locations generally have to be specified with an accuracy of less than a meter in order to cause closure errors between fixed points. Also, fixed locations can use a local coordinate system. For example, you could use the distance from landmark to specify entrance locations.

The Base Location must be a geographic location specified in either Longitude/Latitude or UTM. It is generally used to calculate magnetic declinations for surveys. Since it refers to the cave or cave system as a whole, it does not need be precisely accurate.

Setting The Base Location. Base Locations can only be used with Projects, not with individual data files. To set the Base Location, highlight the "MAK" file in the Project Tree and then press the "Set Base Location" button on the Tool Bar, or select the "Edit|Set Project Location" from the menu bar. This will display the Geographic Calculator/Editor. You simply enter the Longitude, Latitude or UTM coordinates of the cave system.

Deleting Non-Essential Files
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When you compile, close, and edit project files, many non-essential files are created. For example, when you process a project you can generate backup files, closed data files, and plot files. These files are non-essential because they can always be regenerated from the data files and project files. Since these files are non-essential and since they can take up considerable disk space, the Project Manager allows you to selectively delete these files. 

To delete non-essential files, select the "File|Clean Disk" option from the menu bar. The program will then present the "Non-Essential Files" dialog box. The dialog box examines the project and looks for non-essential files that are associated with the project. The dialog box displays the number of bytes of disk space each type of non-essential file uses. 

There are four types of non-essential files: 

Backup Files 

Closed Data Files 

Sub-Plot Files 

The Main Plot File 

To select any of these types of files for deletion, click on the check box to the right of each file type. The program will then display all the selected files in the list box. When you are satisfied with the files you have selected, click on the "Delete" button, and the files will be removed from the disk. 

Backup Files
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Whenever you make changes to a Project File (.MAK) or a Survey Data File (.DAT) the Project Manager or the Survey Editor makes a "backup" file from the unchanged data. Backup files have the same filename as the Project, except that the file extension is changed to ".BAK". For example, the backup file for GROANING.MAK would be GROANING.BAK. The purpose of these files is to protect you from editing errors. Unless you have made an editing error, you can generally delete backup up files. 

If you have made an editing error, you can recover the original data from the backup file. You can do this by copying or renaming the backup file to the original filename and extension. Generally, you can copy or rename files using the Windows Explorer.

Closed Data Files
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Closed Data Files (.CLP) are generated whenever you close cave data. Once, you have compiled the data, the closed data files are superfluous unless want to recompile the cave. Since you can always re-close the data, these files are non-essential. 

Sub-Plot Files
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Most projects are made of several separate data files. Most the time, you will view the combined image of all the data files. Sometimes, however, you want to view the images of the individual data files separately. When you do this, separate plot files (.PLT) must be generated. These files are only needed to isolate and view parts of the project. They can always be regenerated. As a result, they are non-essential. 

The Main Plot File
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The Main Plot file is the plot file(.PLT) for the whole project. It is non-essential because it can always be regenerated. Normally, you would delete this file when you are not actively viewing or working on the project. 

Editing Surveys
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You can edit individual cave surveys from the Project Manager by highlighting the survey and clicking on the "Edit Survey Or File" bar. You can also edit by selecting the "Edit|Edit Survey/File" from the menu bar. The program will then run the Survey Editor,opening the specified survey. 

You can also edit a Survey Data File without opening a specific survey. Just highlight the Survey Data File and click on "Edit Survey Or File" bar. Finally, you can run the Survey Editor without pre-selecting any file or survey by selecting the "Run|Run Editor Manually" from the menu bar. 

Processing And Viewing Cave Data

xe "Processing And Viewing Cave Data"

xe "PlaceNameplacePlaceNameViewing PlaceTypeCave Data"
Processing And Viewing. One of the main purposes of the Project Manager is to automate processing and viewing. Before you can view cave data, the loops are usually closed and the data must be compiled. The Project Manager allows you to automatically process all the data with a single mouse click. The Project Manager keeps track of the status of each file and only closes or compiles those files that have changed. To process and view cave data, you simply click on "Process and View Cave" button. The Project Manager will process the data and display the cave in the Viewer.

Processing and Viewing. When you press the “Process and View Cave” button, the Program Manager will process and display all the data in the project or file that you are working on.

Selective Processing/Viewing. When you click on the "Process and View Selected" button, the Project Manager will process and display the data you have highlighted in the tree. If the Project File at the top of the tree is highlighted, all the files will be processed (if necessary) and the whole project will be displayed. If you have only highlighted one of the Data Files, only that data will be displayed. For example, if you had a project that included Carlsbad, Lechuguilla and Oggle Cave, you could highlight the Project File and view all the caves. On other hand, you could highlight Carlsbad and view the Carlsbad data. 

Saving Before Processing. The Project Manager only works with the data that has been saved to disk. Thus, if you have made changes to the project before you start processing, the Project Manager will prompt you to save the changes to disk. Unless, the Project is saved to disk, the Project Manager will ignore the changes when it processes the data. You can tell if the Project has been modified, by examining the Modified Status Box. By the same token, if you have never saved the project to disk, the Project Manager will refuse to process the data until it is saved. 

Displaying Surveys. If you have turned on the Show Surveys option, you will see the individual survey names in the tree. If you highlight a survey name, you cannot process and view the individual survey. This is because surveys are always part of a survey file and have to be compiled with the other surveys in the file. If you want to isolate an individual survey or a few individual surveys, there are two ways to do it. First, you can use the Complex Plotting Options or Find Survey Options in the Viewer. Second, you can copy the surveys you want to view into a separate file and process them separately. You can do this with the survey manipulation tools.
Here is more detailed information about processing: 

Processing Options 

Project Status 

Filename Conflicts
Data Files (".DAT") and Plot Files (".PLT")
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When cavers survey a cave, the measurements are in what is called "polar" coordinates. However, computers generally use "Cartesian" coordinates to display images. For this reason, the main job of the compiler is to convert polar coordinates to Cartesian coordinates. 

With polar coordinates, you measure angles and distances. For example, with the typical survey shot, you measure a compass angle, a distance and an inclination. Cartesian coordinates on the other hand measure the distance from the entrance in the East, North and Vertical directions. For example, a station might be 25 meters north, -17 east and -35 vertical from the entrance. 

When the compiler generates Cartesian coordinates it writes them to a special file called a Plot File. By saving coordinate information in a special file, COMPASS saves memory, and speeds up viewing and plotting caves. Plot files have the extension ".PLT" or ".PLF" for special feature files. Plot files can be viewed, printed and manipulated in a variety of ways. For example, the Project Manager will automatically display plot files for you. You can, however, view a plot file manually using the COMPASS Viewer. 

Processing Options
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There are several options that control how the files you have selected will be processed. These options are selected by clicking on radio buttons that appear toward the bottom of the main Project Manager window. The options are: 

1. Don't Close. If this option is selected, none of the data will be processed by the Loop Closer. If any previously closed data exists, they will be ignored and unclosed data will be used for the display. Selecting this option speeds up processing, because the loop-closing step can be skipped. In addition, the statistic displays will only show information for the unclosed data, which is useful for finding blunders and large errors.

2. Close Changed. When this option is selected, the selected files will be processed by the Loop Closer if the Data Files have changed and the closed data is out-of-date. The Data Files will also be processed by the Loop Closer if no closed data exists for the files. If this option is selected, only closed data will be used for the display. In addition, the statistics displays will show information for the closed data, which will validate that the cave is truly closed and will highlight any loop the couldn’t be closed due to errors.

3. Close All. If this option is selected, all files will be closed, even if the existing closed data files are current. Only closed data will be used for the display. Selecting this option assures that every file will be closed and current. In addition, the statistics displays will show information for the closed data, which will validate that the cave is truly closed and will highlight any loop the couldn’t be closed due to errors.

4. Compile Changed. If this option is selected, the data will be processed by the Compiler if the Data Files have changed and the plot files (.PLT) are out-of-date. The Data Files will also be compiled if no plot files exist for the data. Selecting this option usually speeds up processing, because compiling only occurs when necessary.

5. Compile All. If this option is selected, all files will be compiled even if the existing plot files are current. Selecting this option assures that every file will be compiled and current. 

Project Status

xe "Project Status"

xe "Status"

xe "Status\\: Project"
The Project Status gives detailed information about the status of the files in the project. From the Project Status, you can find out if the files are closed, if they have been compiled or if they even exist. To view the Project Status, select the "View|File Status" option from the menu bar. 

The Project Status dialog box displays a list of all the basic files in the project. After each file name, the program displays status information about the file. There are three items: 

1. Exists. This item shows if the file can be found in current path. If any of the files do not exist, the Project Manager cannot process or display the data in those files. There are several reasons why the file may not exist. For one thing, the project may be brand new and the new file hasn't been created. If so, you can use by the “Create New File” button or the “File|Create New Survey File” option from the menu bar to create the file. You can also use the Survey Editor to create a new file. Also, the project file may be in the wrong folder. In this case, you should use the Save File As option to save the file in the correct folder. 

2. Closed. This item shows whether the file has been closed. 

3. Compiled. This item shows whether the file has been compiled. 

If any of the files appear to be uncompiled or unclosed, you can compile or close them by hitting the Process And View Cave button. 

Running Programs Manually

xe "Running Programs Manually"

xe "Manual"

xe "Manual\\: Running Programs"
COMPASS performs of four basic processes: Editing, Closing, Compiling and Viewing. Compiling and Closing are preformed by the Project Manager. Editing and Viewing are performed by separate programs. Normally, all of these operations are performed automatically by the Project Manager. Sometimes, however, it is useful to perform these operations selectively on specific files. For this reason, the Project Manager gives you the option of performing any of these operations manually. To do this, select the “Run” option from the menu bar and select the specific operation you want to perform.

COMPASS Programs And Files

xe "COMPASS Programs And Files"

xe "Files And Programs"
COMPASS performs four basic processes: Editing, Closing, Compiling and Viewing. Compiling and Closing are preformed by the Project Manager. Editing and Viewing are performed by separate programs. Each process uses and/or creates special COMPASS files. The Project Manager automatically runs these programs when needed, but you can also run them manually. Here is what each program does and what each file holds: 

Survey Editor 

Loop Closer 

The Compiler 

The Viewer 

Survey Editor

xe "Survey Editor"

xe "Editor"

xe "Editor\\: Survey"
The Survey Editor allows you enter cave survey data into the computer and save it to disk as a Survey Data File. It also allows you to edit and update existing data. The Project Manager can run the Survey Editor on any survey or file you select. For more detailed information, please refer to the Editor Help.

The Viewer

xe "The Viewer"

xe "Viewer"
The Viewer reads plot files (.PLT and.PLF) and displays an image of the cave. The Viewer is a very powerful and specialized program for viewing and printing images of the cave data. 

Line Plots. The basic image that the Viewer displays is called a "line plot." A line plot is a drawing that shows the line that the survey tape took through the cave. It is like a stick figure drawing. The Viewer also can simulate passage walls using a variety of realistic techniques. 

Manipulating The Cave. The Viewer allows you examine every part of the cave in detail. It can view the cave in a variety of ways that help you understand different aspects of the cave. It can pan, zoom and clip, which allows to you pick out small parts of the cave for detailed inspection. You can view the cave from above or from the side and you can rotate the cave around two axes. This enables you to view the cave from any direction in space. 

Tools. The Viewer also allows you to display and highlight a variety of additional information. It will show survey stations, station elevations, color by date, color by survey, and measure distances. Finally, the Viewer supports several desktop publishing and multimedia features.

Separate Program. The Viewer is a separate program from the Project Manager. Although it could be incorporated into the Project Manager, the Viewer has so many features that combining all the menus and toolbars would make the user interface complex and confusing.

Trouble Shooting

xe "Trouble Shooting"

xe "Problem Solving"
This section covers some common problems when working with the Project Manager. 

1. You Cannot Edit or View A Project. The Project Manager uses separate programs to Edit or View cave surveys. Thus, the Project Manager has to know where these programs are so it can run them as needed. A problem can occur if the COMPASS program files are not in the expected folder. If the Project Manager does not know where to find all the COMPASS programs, it will be unable to Edit or Display the survey data. This could happen if COMPASS was incorrectly installed or if the COMPASS program files were moved. To correct this, use the Directories option. 

2. Path Issues. Normally, the Project Manager expects to find all the files in your project in same folder as the Project File itself. If all the files are not in the same folder as the Project File, you must use the Use Path option to specify the location of the file. 

If the Project Manager cannot find some or all of the files, it may not be able to close, compile or display part or all of the data. You also may get file errors. 

These kinds of problems can occur if you have setup your project incorrectly or if you have moved files or rearranged folders. You can get more detailed information about the problem by checking the Project Status display. Generally, these problems are corrected by moving the Project File to the proper folder, or Editing the project nodes and specifying the proper folder. 

3. Modified Project Problems. If you make changes to the Project and don't save the changes to disk, the Project Manager will not display the changes. You can tell if the Project has been modified without saving by examining the Modified Status Box. 

4. Filename Conflicts. If the filename of your project

HYPERLINK \l "topic_FileNames" 
conflicts with the filename of one of your data files, the Project Manager may display the wrong data. For example, if your project is called “Fulford.mak” and one of your data files is called “Fulford.dat”, the Project Manager can generate two different plot files with the same name. One will be the plot file for the project and the other will be the plot file for the individual data file. Since two files with the same name cannot exist in the same folder, you cannot be sure which part of the cave you will be viewing. For example, you may end up viewing the whole project when you just wanted to see the individual file and vice versa.

To solve the problem, make sure that the project filename is different from any of the data file names. For example, you should not have a project filename of Lech.mak with a data filename of Lech.dat. 

5. Selecting The Wrong Node. The Project Manager will only process and display the data you have selected by highlighting a node. If you notice that only part of the cave or cave system is displayed, make sure you are highlighting the Project File at the top of the tree. Also, if you are using fixed stations, you must highlight the Project File, before the fixed stations will be used.

6. Project Manager Refuses To Disappear When You Are Done. When you run the Editor from Project Manager, the Project Manager waits for the program to finish what it is doing. This enables the Project Manager to keep track of any changes that have been made to the file by the editor. If you attempt to terminate the Project Manager while the Editor is still running, the Project Manager will ignore the attempt until you terminate the Editor. The Project Manager will then terminate.

Manipulating Surveys And Files

xe "Manipulating Surveys And Files"

xe "Surveys"

xe "Surveys\\: Manipulating"

xe "Files"

xe "Files\\: Manipulating"
It is often very useful to move surveys around inside of files. For example, survey files compile more efficiently if the individual surveys inside the file are in the proper order. It is also very useful to move surveys between files. For example, you may want to split the surveys in a cave into separate files that correspond to different parts of the cave. 

Survey Manipulating Tool. The Project Manager has the ability to delete, rename or rearrange the order of surveys in a file. It also has the ability to copy surveys between files. Because these operations are dangerous and could result in the loss of data, the Project Manager has a special tool for performing these operations. To perform any of these operations, select the "Files|Manipulate Surveys" option from the menu bar. 

[image: image4] 

Survey Lists. The "Manipulate Surveys" dialog box has two list boxes. Each box can display a list of all the surveys in a single survey file. One list box is called the "Destination" list and the other is called the "Source" list. The Destination list is the active list. It is where surveys are copied, deleted, renamed etc. The Source list normally holds a list of the surveys in a different file that can be copied to the Destination list. 

The "Manipulate Surveys" dialog box allows you to copy, delete or rename any of the surveys. You can also copy or move surveys around inside of the file. This way, you can change the order of surveys in the file. If you have a second file open in the Source List, you can copy surveys from the Source List into the Destination. This allows you to redistribute your surveys into different files or create new files with copies of surveys from old files. 

Safety. The survey manipulation tools are completely safe, because the changes don’t actually take place until you save the data to disk. When you copy, delete and rename surveys in the Destination list you aren't actually changing the survey files on disk. Until you make the changes permanent, you are only manipulating the names in the lists. You make your changes permanent by saving the changes to disk. You can also save the changes to a separate file, which will preserve the integrity of the original files. Here is detailed information about manipulating surveys: 

	Opening Files. 

Moving Surveys Inside A File. 

Copying Surveys Between Files. 

Renaming Surveys. 

Deleting Surveys. 

Searching For Surveys.
Viewing Surveys.
	Sorting By Date. 

Saving Changes. 

Clearing A List. 

Copying Surveys From Several Files. 

Creating New Files. 

Undoing Changes.


Opening Files

xe "Opening Files For Manipulating"

xe "Files"

xe "Files\\: Opening For Manipulating"
Before you can manipulate surveys, you must open the survey file or files that contain the surveys. To protect you from accidentally making changes to files, the program doesn't automatically open any of the files in the List. You must do this by clicking on the "open file" button to the left of each survey list. After you have selected a survey file, the program will fill the box with a list of all the surveys in the file. 

Since there are two list boxes, you can have one or two files open at a time, depending on what you want to do. For example, if you want to delete surveys, rename surveys or change the order of surveys in the file, you only need to have one file open. Also, if you want to create a new file by copying or moving files into an empty list, you only need to have one file open. If you want to copy surveys between existing files, you must have two files open. 

The survey names in each box are a different color. This helps you keep track of which surveys came from which files. 

Moving Surveys Inside A File

xe "Moving Surveys Inside A File"

xe "Surveys"

xe "Surveys\\: Moving Inside A File"
Moving surveys inside a file allows you to change the order of the surveys. This is useful because the compiler and loop closer work better if the surveys inside a file are in optimal order. For example, let's say you have four surveys that are connected in the cave A to B to C to D. If the order of the surveys in the file are A, D, C, B then B, C, and D are out of order. This means the compiler and loop closer have to use extra time and memory to process the file. 

There are two ways to move surveys inside a file. You begin by selecting the survey you wish to move by clicking on the specific survey with the left mouse button. This will highlight the survey. You can then move the survey up or down one location by clicking on the Up and Down Arrow buttons to the left of the list. You can also move a survey by keeping the left mouse button down and "dragging" the survey to the destination. When you reach the destination, simply release the left mouse button and the survey will be "dropped" at that point. Surveys can only be moved one-at-a-time inside a survey.

Copying Or Moving Surveys Between Files

xe "Copying Or Moving Surveys Between Files"

xe "Moving or Copying Surveys Between Files"

xe "Surveys"

xe "Surveys\\: Copying Or Moving  Between Files"
Copying surveys between files allows you to reorganize your surveys. For example, you might want to split a cave up into separate sections with each section in a different file. 

Copying. There are several ways to copy surveys between files. Generally, you begin by selecting a survey to be copied from Source List and a location where the survey will be copied in the Destination List.  You do this by clicking on the list to highlight the specific survey. You can then copy the survey by clicking on the "Copy" button that appears between the lists. This will copy the highlighted survey for the Source List and place at the highlight in the destination list.

Dragging. You can also copy by clicking on the survey you want to copy from the Source List and then, keeping the left mouse button down, "dragging" the survey to its destination. When you reach the destination, simply release the left mouse button and the survey will be "dropped" at that point. 

Copying Multiple Surveys. You can copy more than one survey at a time. You do this by selecting more than one source survey. There are two ways to select more than one survey at a time. First, you can select several separate surveys by holding down the Control-Key and then clicking on each survey that you want to select. You can also select a range of surveys all at once. You do this by clicking on the first survey in the range. You then, hold down the Shift Key and click on the last survey in the range. This will highlight all the surveys in the range between the two. Once you have selected several surveys this way, you can copy them all by clicking on the Copy button between the list. You can also "drag" multiple surveys between lists. Just release the Control or Shift key if you had it down, and then click on one of the highlighted surveys and drag the survey to the destination list.

Moving Surveys. At one point, COMPASS would allow you to move surveys between files in one operation. However, this proved to be too dangerous and people had a tendency to lose surveys in the process. If you want to move surveys, first, copy the survey from the Source List to the Destination and save the result. Finally, you open the source file in the Destination list and delete the survey you copied. 

Renaming Surveys

xe "Renaming Surveys"

xe "Surveys"

xe "Surveys\\: Renaming"
You can rename any survey in a file. To rename a survey, first select a survey. You can do this by moving the mouse cursor to the survey name and clicking the left mouse button. This will highlight the survey. Now click on the "Rename" button to the left of the list. This will display a dialog box that will allow you to enter a new name for the survey. 

Deleting Surveys

xe "Deleting Surveys"

xe "Surveys"

xe "Surveys\\: Deleting"
You can delete any surveys from a file. To delete a survey, select the survey by moving the mouse cursor to the survey name and then click the left mouse button. This will highlight the survey. Now click on the "Delete" button to the left of the list. The survey will be removed from the list. 

Searching For Surveys

xe "Searching For Surveys"

xe "Surveys"

xe "Surveys\\: Searching For"
If you are working with large caves, the list of surveys may be long enough that it is difficult to see a particular survey. The program allows you to search through the survey list for a specific survey. To search, simply click on the "Search" button to the left of the list box and enter the name of the survey you are looking for. You can use the "Wild Card" character "?" to look for groups of surveys with similar combinations of letters. The wild card character "?" in the search string will match any character. For example "AB?" would match ABC, ABD, or ABE. 

Sorting By Date

xe "Sorting By Date"

xe "Date"

xe "Date\\: Sorting By"
You can also sort the survey in the list by date. This is useful because surveys usually compile more quickly if they are in chronological order. This is because new surveys always connect to old surveys, so if the data is in chronological order, the Compiler only has to do one pass through the data to connect all surveys. You can sort the surveys by date by clicking on the "Sort By Date" button. 

Viewing Surveys

xe "Viewing Surveys"

xe "Surveys"

xe "Surveys\\: Viewing"
Sometimes it helps to know exactly what data is in a survey before you manipulate it. The View Survey option allows you to view the data in the survey that appears in the lists. To view a survey, first select the it by moving the mouse cursor to the survey name and then clicking the left mouse button. This will highlight the survey. Now click on the "View Survey" button to the left of the survey list. The survey will now be displayed in a window on the screen. The data in the window is the raw survey data. This means that all the measurements are in degrees and feet. 

Saving Surveys

xe "Saving Surveys"

xe "Surveys"

xe "Surveys\\: Saving"
None of the changes you make to the survey lists actually changes the data in the files. While you are manipulating the surveys in the lists, only the lists change. The data in the files is only changed when you save the data to disk. At that point, the program copies all changes you have made to disk. To save the data in a list, simply click on the "Save Survey” button to the left of the list. You are given the option of saving the data to the original file or to a new file. That way, you can safely save all your changes to a different file until you are confident that the changes are correct.

Clearing A List

xe "Clearing A List"

xe "LIsts"

xe "LIsts\\: Clearing"

xe "Survey Lists"

xe "Survey Lists\\: Clearing"
You can clear a list and release the file associated with the list at anytime. You can do this by clicking on the "Clear List" button to the left of the lists. If you have made any changes to the list or if you have copied files from one list to the other, the program will ask if you want to save the changes. 

Copying or Moving Surveys From Several Files

xe "Copying or Moving Surveys From Several Files"

xe "Multi-File Copying or Moving"

xe "Files"

xe "Files\\: Copying or Moving From"
Sometimes, you will need to copy the surveys from several different files into a single file. Because you can have only two files on the screen at once, you have to do the copying in stages. For example, let's say you want to copy surveys from three files named CAVE1.DAT, CAVE2.DAT, and CAVE3.DAT into a fourth file called BIGCAVE.DAT. You would begin by opening CAVE1 in the Source List and BIGCAVE.DAT in the Destination List. You then copy all the surveys you want from CAVE1 into BIGCAVE. When you have finished, save all the changes to BIGCAVE. Now, you open CAVE2 in the Source List, copy the other surveys to BIGCAVE and save it. You repeat the process for each of the files. It is important to save the changes to BIGCAVE after you copy surveys from another file. 

Creating New Files

xe "Creating New Files"

xe "Files"

xe "Files\\: Creating New"
You can create a new file using existing surveys from other files. This can be useful for looking at small areas of a large cave or for reorganizing existing cave data. You can create a new file by opening an existing file in the Source List and then copying individual surveys into the Destination List. You then save the Destination List to a new file. 

Undoing Changes To Files

xe "Undoing Changes To Files"

xe "Files"

xe "Files\\: Undoing Changes"
None of the changes you make actually changes the data in the files until you save it. For this reason, you can undo changes by simply exiting without saving. If you have already saved changes, the program saves the original unchanged data in a backup file. For this reason, you can usually recover from any errors. Backup files have the same name as the original file, with the extension ".BAK". For example, if you are working with the file GROAN.DAT, the backup file would be GROAN.BAK. You can recover the original file using Windows Explorer to rename the backup file back to its original name. 

Creating A New Data File

xe "Creating A New Data File"

xe "New Data Files"

xe "New Data Files\\: Creating"
You can create a new survey data file to be used as a Single File Project. When you do this, the survey data file will appear in the survey tree, ready to use. This is different from creating a survey data file that will be used with a Project.
You create a new survey data file by clicking-on the “Create New File” button or by selecting the "File|Create New Survey File" option from the menu bar. The program will then prompt you for the name of the first survey in the file. After you have selected a survey name, the program will allow you to choose a folder and a filename for the new survey file. The program then saves the new survey to disk and displays it in the survey tree. Note: creating a new survey file is different from creating a new survey. See: Creating New Surveys for more information. Remember that a single survey file will hold many surveys, so you should only create a new survey file when you are setting up a new cave or cave section.

Inserting A New File

xe "Inserting A New File"

xe "New File"

xe "New File\\: Inserting"
This option is used to create a new survey data file and insert it into an existing project. This is a little different from creating a new survey data file that will not be used with a Project.
You can create and insert a new file into a Project by selecting the "Edit|Insert New File In Project" option from the menu bar. The program will then prompt you for the name of the first survey in the file. After you have selected a survey name, the program will allow you to choose a folder and a filename for the new survey file. The program then saves the new survey to disk and displays it in the survey tree. Note: creating a new survey file is different from creating a new survey. See: Creating New Surveys for more information. 

Creating New Surveys

xe "Creating New Surveys"

xe "Surveys"

xe "Surveys\\: Creating New"
Creating new surveys is different from creating new survey files. When you create a new survey, it must go into an existing survey file. Generally, in COMPASS, you can place hundreds of surveys into a single file, so you will usually be creating a new survey inside an existing survey file. If you are starting out with a new cave or creating a new section of a cave, you will need to create a new survey data file before you can enter a new survey. Here are two methods for creating new survey files: 

Creating And Inserting A New File 

Creating A New Data File 

Once you have a survey file it is easy to add a new survey. Simply click the mouse cursor on the survey in the Tree that you want to add the survey to and then click on the "Add New Survey" icon on the Tool Bar or select the "Edit|Insert New Survey File In Project" from the menu bar. The program will then prompt you for the name of the survey. After you have selected a survey name, a new empty survey will be placed in the file. 

You can control where the new survey is placed in the file. If you highlight one of the surveys under the file, the new survey will be placed just before the highlighted survey. (Note: in order to see the surveys you must turn on the Show Surveys option.) If you highlight a Survey Data file in the tree, the survey will be inserted at the end. 

You can also use the Survey Editor to insert new surveys in the file. Refer to the following for more information on using the editor.

The Survey Editor 

Editing Surveys 

Creating An Empty Project

xe "Projects"

xe "Projects\\: Creating Empty"
Normally, you would use the Project Wizard to create a new project. The Project Wizard walks you through all the steps in creating a new project. These steps include creating new surveys for the project, inserting existing surveys in the project and saving the project in a file. 

You can also create an empty project and then manually perform the other steps. You do this by selecting the "File|Create Empty Project" option from the menu bar.

Step-By-Step Instructions

xe "Step-By-Step Instructions"
To make it easier to get started, I have included complete step-by-step instructions for the most important tasks in the Project Manager. 

Create and View A New Survey Data File
Create and View New Project
Edit and View A Survey Data File 

Edit and View A Survey Project 

Step-By-Step, Create Single Data File

xe "Step-By-Step"

xe "Step-By-Step\\: Create Single Data File"
When you are working with a small cave, you generally want to put all your data in a single survey data file. Here is the information for creating and processing a new survey data file based project. 

1. Create A New Survey Data File. Begin by creating a new Survey Data File. You can do this by selecting the "File|New Data File" option from the menu bar. Be sure to choose an appropriate folder for this particular cave. If necessary, you can use Window Explorer or My Computer to create a new folder. 

2. Enter Data For The New Survey. Begin by enabling the Show Surveys option and double clicking on the Survey Data File in the tree to  expand the treeand display the surveys inside the file. Now click on the newly created survey to highlight it and then click the Edit Cave Survey or File button. This will take you to the Survey Editor. Enter your survey data, save the data and exit from the editor. 

3. Process The Data. Highlight the Survey Data file in the tree that you want to view. You highlight an item in the tree by clicking on it. Once you have selected the file, click the Process And View Cave button. The data in your file will be processed and then displayed by the Viewer.

Creating New Projects With The Project Wizard

xe "Projects"

xe "Projects\\: Creating New"

xe "Wizard"

xe "Wizard\\: Project Creation"
When you create a large survey project, you have one or more survey files organized under a project file. Normally you only use project files when you are working with a large cave or a multi-cave system. The Project Wizard guides you through the process of creating a new project. To run the Project Wizard, select the "File|Project Creation Wizard" from the menu bar. There are three steps to creating a new project: 

1. Select Existing Surveys Files For The Project. If you have already entered survey data in Survey Data files, you can use these files as a part of your project. Before you incorporate these files into your project, make sure that the files are in the folder (directory) you are planning to use for this project. If necessary, you can use Windows tools to create a new folder and move the files. Once, you have the files in the proper folder, you need to select the files you want included in the project. You do this by clicking on the Insert File icon. You can use the "Browse" button to select the survey files you want add to the project. Do this for each file that you want in the project. 

2. Create New Survey Files For The Project. If you haven't entered the survey data for the project, you will need to create one or more new files to hold the data. You do this by clicking on the Create New File icon. Make sure that you save these files in the Windows folder you will be using for the project. 

3. Finish. Once you have finished inserting the new and existing files in the project, click on the "Finish" button. At this point you can select a filename for your project and a folder where the project file will be stored. Generally, you want to choose a name for the project that is different from any of the data files in the project; otherwise, COMPASS may display the wrong files when you want to view the cave. Also, you will want to save the project file to the same folder as your survey data files. 

Once you have finished, the files you have selected and created will appear in the survey tree.. Make sure that the files appear in the tree in the proper order. For example, surveys associated with entrance of a cave should appear before surveys at back of the cave. If they don’t, you can simply drag them to new locations in the “tree” and save the result.

4. Enter Data For New Surveys. If you need to enter data into the newly created surveys, begin by enabling the Show Surveys option and double click on one of the survey data files in the tree to display the surveys inside. Now click-on the newly created survey to highlight it and then click the Edit Cave Survey or File button. This will take you to the Survey Editor. Enter your survey data, save the data and exit from the editor. 

5. Process The Data. Highlight the item in survey tree you want to view. You highlight an item by clicking on it. With a project, you can select either the Project File or one of the Survey Data Files. If you select the project file, you will view all the files in the project. If you select one of the data files, you only view that data. Once you have selected the file, click the Process And View Cave button. The data in your file will be processed and then displayed by the Viewer. 

Step-By-Step, Edit/View Single Data File

xe "Step-By-Step"

xe "Step-By-Step\\: Edit/View Single Data File"
The surveys in a small cave project are often contained in a single Survey Data file. These instructions will tell you how to edit and/or view the data in a single survey file. You can also manipulate and view individual survey files that are a part of larger project files. 

1. Selecting A Survey Data File. Begin by opening a survey data file. You can do this by selecting the "File|Open Data File" option from the menu bar. Remember that you can use this dialog box to change drives and folders to find the survey file you are looking for. 

2. Enter Data For A New Survey. Begin by enabling the "Show Surveys" option and double click on the Survey Data File in the tree to expand the tree and display the surveys inside the file. You can add a new survey to the file by clicking on the "Add Survey" icon on the tool bar or by selecting the "Edit|I New Survey" from the menu bar. Once you have created a new survey, click on the newly created survey to highlight it and then click the "Edit Cave Survey or File" button. This will take you to the Survey Editor. Enter your survey data, save the data and exit from the editor. 

3. Process The Data. Highlight the Survey Data file in the tree that you want to view. You highlight an item in the tree by clicking on it. Once you have selected the file, click the "Process And View Cave" button. The data in your file will be processed and then displayed by the Viewer. 

Step-By-Step, Edit/View Project

xe "Step-By-Step"

xe "Step-By-Step\\: Edit/View Project"
Survey Project files are used when you are working with a large cave or a system containing many caves. In a survey project, the surveys are contained in several survey files. These instructions will show you how to edit and/or view a survey project file.

1. Open A Project File. Begin by opening a Project File. You can do this by selecting the "File|New Project" option from the menu bar. The Project Manager will then display the survey tree for the project. Remember that you can use this dialog box to change drives and folders to find the project file you are looking for. 

2. Enter Data For A New Survey. Begin by enabling the "Show Surveys" option and double click on the Survey Data File in the tree to expand the tree and display the surveys inside the file. 

You can add a new survey to any of the Survey Data files by highlighting the appropriate file and clicking on the "Add Survey" icon on the tool bar or by selecting the "Edit|Create New Survey" from the menu bar. Once you have created a new survey, click on the newly created survey to highlight it and then click the "Edit Cave Survey or File" button. This will take you to the Survey Editor. Enter your survey data, save the data and exit from the editor. 

3. Create New Surveys Files. You can also add new survey files to the project. Begin by highlighting the location within the tree where you want the file to be placed. Now click "Create New File" icon. You can also do this by selecting the "Edit|Insert New Survey File" option from the menu bar. Make sure that you save these files in the folder you will be using for the project. 

4. Process The Data. Highlight the item in survey tree you want to view. You highlight an item by clicking on it. With a project, you can select either the Project File or one of the Survey Data Files. If you select the project file, you will view all the files in the project. If you select one of the data files, you only view that data. Once you have selected the file, click the "Process And View Cave" button. The data in your file will be processed and then displayed by the Viewer. 

Copying Projects
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The Project Manager has a feature that makes it easy to copy whole projects to a different folder, a different drive or even a floppy disk. You can, of course, do this with Windows tools, but this method is quicker and easier. The power of the "copy" feature is that it copies all the files you need in the project all at once. 

To copy a Project, select the "File|Copy Project" option from the menu bar. The Copy Project tool will only be available if there is a file or project open in the Project Manager. The Copy tool screen is divided into two sections:

1. Files To Be Copied: This list displays all the files that will be copied as a part of the Project. Only files essential to the project will be copied since all other files can be regenerated. You cannot modify this list.

2. Select Destination Folder.  This section is used to select a destination folder for all the project data. It displays all pertinent information about the destination folder. It shows the Drive, Folders, Path and a list of files that are already in the destination folder. You can select a new folder by clicking one the “Folders:” and “Destination Drive” displays. You can also type the information directly into the “Destination Folder” edit box. If you type the path directly into the edit box and the folder does not exist, the program can automatically create it for you. Note: You must create new folders one at a time. In other words, you cannot enter the name of two folders at the same time.

Copying. To do the actual copying, you just select the proper destination folder and then press the “Okay” button. All the files will be copied to the destination folder.

Remember that the Project Manager does not automatically open a copied project. To use the copied project, you have to use the “File|Open Project/Data File” option from the menu bar and locate the newly copied project. 

Importing And Exporting Projects
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It is often useful to transfer cave data to and from other cave survey programs. For example, you may want to take advantage of the features in another program or you want to import data from a program that is no longer being actively supported. There are several ways to transfer data to and from COMPASS.

SEF Files. The de facto standard for transferring cave data between cave survey programs is currently a file format called "SEF." "SEF" stands for "SMAPS Exchange Format." It was originally developed for the SMAPS cave survey software, but most other survey programs have adopted it. COMPASS allows you to both import and export data through SEF files. Here is more detailed information about the process:

Importing An SEF File 

Exporting An SEF File 

RSD Files. The other common standard for importing and exporting cave data is called RSD. RSD stands for "Raw Survey Data" and was used by early version of SMAPS. At this point, there are import and export utilities for this format in the COMPASS DOS package, which is available for download at: http://fountainware.com/compass 

CMAP Files. CMAP is another cave survey program. It does not support SEF file exchange, so COMPASS allows you to import CMAP files. Here is more information about importing CMAP files:

Importing An CMAP File
Importing CMAP Files
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To import an CMAP file, select “Tools|Import CMAP File” from the menu bar. This will display the CMAP Import Window.

Default Cave Name. CMAP files do not carry a cave name. For this reason, the import tool allows you to enter a cave name. Simply type the cave name you want to use into the edit box.

Default Survey Team. CMAP files do not carry a survey team information. For this reason, the import tool allows you to enter the names of the people who made up the survey team. 

Importing Data. To import data, press the  "Import" button and select an CMAP file to import. As the conversion process proceeds, status information and error messages will be displayed. Finally, when the conversion process is complete, press the "Close Button." To view the newly converted data, select the "File|Open Project/Data File" option from the menu bar.

Import Issues. Because of incompatibilities between programs, newly imported data may require some editing and reorganization before it will view properly. Here are some of the issues you may encounter:

1. Surveys. CMAP does not divide the data into individual survey like COMPASS does. The only hint that CMAP gives that there is a new survey, is a change in declination. If the program does not find a new declination, it will create a new survey every 250 shots. Since these divisions are arbitrary, you may want to restructure the surveys to match the real surveys division.

2. Survey Names. CMAP also does not have survey names. For this reason, the program analyzes the shot data and make a guess at the survey name. You may need to choose a more appropriate survey name.

3. Comments. CMAP allows free-form comments scattered through out the data. COMPASS, put the comments in specific places that correspond with the survey heading and each individual shot. For this reason, the program spreads the CMAP comments throughout the COMPASS shots. You may need to move the comments to more appropriate locations.

4. Survey Team. The program allows you to enter a default survey team. However, since the team is likely to change from survey to survey you will probably have change or manual enter most of the team information.

Importing An SEF File
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To import an SEF file, select the "Tools|Import SEF File" option from the menu bar. This will display the Import Window. Next, press the "Import" button and select an SEF file to import. As the conversion process proceeds, status information and error messages will be displayed. Finally, when the conversion process is complete, press the "Close Button." To view the newly converted data, select the "File|Open Project/Data File" option from the menu bar. Remember that because of incompatibilities between programs, newly imported data may require some editing and reorganization before it will view properly. Refer to the Import Issues section for more information. Here is detailed information about the conversion process: 

SEF Import Options 

The SEF Import Window 

Errors And Warning Messages 

Dealing With Converted Files 

SEF Import Issues 

SEF Import Options
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There are several options that effect the way SEF files are imported: 

1. File Creation Options. SEF files contain a tree-like structure that helps organize the cave data. You have the option of putting each "branch" of this tree structure into a separate file or all in the same file. Which option you choose depends on the data. If it is a small cave, it probably makes sense to put all the data into one file. If the cave is large, complex or contains multiple caves or surface surveys, it makes sense to have the data in separate files and organized in a COMPASS project.
2. Unique Filenames. In the process of converting data, the program may have to create several files to hold the data. The converter creates the filenames based on the directory names in the SEF file. Sometimes the filename created is the same as another file in the same project. If this happens, the new file will over-write previous file and the data will be lost. Turning on the "Unique Filenames” option causes the program to check the disk before creating a new file. If the filename already exists, the program will create a unique filename. 

The main problem with creating unique filenames occurs if you process the same data more than once. When the program looks at the disk to see if a file already exists, it will see the files from the previous conversion, and so it will use unique names with the new files. Thus every time you convert the data you will end up with another set of converted files, each with unique names. For this reason, you should keep the "Unique Filenames" option turned off unless you know the data has duplicate names. 

The SEF Import Window
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This SEF Import Window displays the details of the import process. Most of the time, there will be no problems or error, so you can ignore this display. If, however, you are having problems converting the data, this screen will give you important information that can help you fix a problem. The status display consists of six windows that display information about the import process: 

1. SEF File. This window displays the name of "SEF" file that is being converted. 

2. Includes. SEF files can specify other files that should be included and processed along with the main file. This window displays the name of any "include" files that are being processed. Since there can be many “include” files in the main file, this window will change as the various include files are processed. 

3. MAK File. This window displays the name of the current COMPASS Project or "MAK" file that is being created to hold the imported data. 

4. Data File. This window displays the name of the current COMPASS survey data file that is being created to hold the imported data.

5. Actions: This window gives a running account of the import actions that are taking place. The following list enumerates and describes the import actions: 

	Main Directive

Control Directive

Control Format

Control Data

Survey Directive

Survey Format

Survey Data
	- Decoding a directive at the main level.

- Decoding a directive in a control point.

- Decoding a control point format directive.

- Decoding control point data

- Decoding a survey group directive

- Decoding a survey group format directive.

- Decoding a survey group data.


6. Errors and Warnings. This window displays any errors or problems encountered during the import process. 

SEF Import Errors And Warning Messages
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The program displays errors and warnings in a special format, which gives complete information about the problem. For example, this a typical message: 

WARNING- Unknown: "root" IN: (MAIN) In File: CAVES.SEF Line: 68 

A message can consist of six parts. The parts are numbered in the example above. Here is a description of each part: 

A. Message Type. This can be a WARNING or an ERROR. Warning messages indicate that the program has encountered a minor problem with import process. Error messages indicate that the program has encountered a major problem with the import process. Warnings usually don't cause errors in the converted data. Errors usually mean that the converted data is incomplete or defective. The following list shows the warning and error messages: 

B. Error Detail. This is a more detailed description of problems. Here is a description of the messages:

1. Unknown - This message indicates that the program has encountered a directive that is not a part of the "SEF" specification. This could be caused by a software error in the program that generated the "SEF" file or changes in the "SEF" specification.

2. Irrelevant - This message indicates that the program has encountered a directive that is a part of the "SEF" specification, but is not used by COMPASS.

3. Include Files Nested Too Deep. The program only allows files to be nested 16 levels deep. This SEF file exceeded that level.

4. Unable To Open Include File. This error indicates that the program was unable to open the file that was specified in an "include" directive. This usually means that the “include” file was not in the current folder. 

C. Error Item. This is the actual directive that caused the problem. Refer to the SEF specification for complete information

D. Section. SEF files are divided into several sections. This gives the section where the error occurred. It can be anyone of the following: MAIN, CONTROL GROUP, CONTROL UNITS, CONTROL ELEVATION UNITS, SURVEY GROUP or CORRECTION MODE. These section names are explained in detail in the SEF specifications. 

E. In File. Gives the name of the file where the problem occurred. 

F. Line. Gives the line number in the file where the problem occurred. 

Dealing With Imported Files
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The program puts the converted data into two types of files: A COMPASS Project File (.MAK) and one or more COMPASS survey data files (.DAT). Here is detailed information about how to use the newly imported survey files.

1. Data Files. The program will generate one or more files with the extension ".DAT". These files contain the COMPASS raw survey data. They can be processed using any of the standard COMPASS tools such the Project Manager. The program will generate a new ".DAT" file for every new cave name that appears in the SEF file. Also, if you enable the option, it will generate a new file for every branch in the survey tree. In other words, each SEF file can have several ".DAT" files. The names of these files will match the cave names in the SEF file, not necessarily the SEF file name. 

2. Project File. This file will have the same name as the SEF file, but it will have the extension ".MAK". If there are multiple Survey Files in the Project, the Project File will contain the information to organize and combine these files. It will also contain any Fixed Station information. 

Some other survey programs require that every survey have a fixed station even if a real one is not available. As result, many SEF files will have a “zero” value fixed station with every file. COMPASS files are not required to have control points or fixed stations. As a result, for some small and simple caves, the Project file is not needed and can be discarded. In other words, if you don't have any real fixed stations and all the data is in one data file, you can discard or ignore the Project file generated by the import process.

SEF Import Issues
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When you convert SEF files to theCOMPASS format, some files will not be converted perfectly. There are several reasons for this. For one thing, the "SEF" file format is very complicated and each survey program interprets the standard slightly differently. Also, each cave survey program is different and these differences are reflected in their data structure. For example, some survey programs don't save a Cave Name or Survey Name with each survey. This means that to import data from one of these programs, the converter must guess at the Cave Name and Survey Name. 

Here are some of the issues you need to be aware of during the conversion process: 

1. Directory Structure. SEF files contain information about how the survey data will be organized. This organization will be reflected in the COMPASS Data Files (.DAT) and Project Files (.MAK). Since every program handles this structure differently, some data from other programs will require reorganization before COMPASS will be able to process it properly. For example, some programs can put several different, unrelated caves in the same structure. If you import this type of data into COMPASS, you will have to separate out the individual caves before the plot will make much sense. As a result, the COMPASS import program gives you the option of putting each SEF directory into a separate COMPASS file. 

Also, SEF directory names can be up to 40 characters long. COMPASS deals with SEF directories by putting each directory into a different file. As a result, the COMPASS import program derives its filenames from the from the SEF directory names. Since COMPASS still supports a DOS version, it is limited to having filenames with only eight characters. For this reason, the conversion program compresses the SEF directory name by removing non-alphanumeric characters. The first eight characters of the compressed directory name are used as the filename. For example, if the SEF directory name were "Water Tower Cave" the COMPASS filename might be "WATERTOW.DAT" 

In some instances, two different SEF directories will be compressed into the same COMPASS file name. For example both "Water Tower Cave" and "Water Town Cave" would result in the same COMPASS data file name: "WATERTOW.DAT." The conversion program handles this problem by adding a numerical extension whenever it finds a duplicate file on the disk. Thus, in our example, one file would be named “WATERTOW.DAT” and the other would be named “WATERTOW.001” When the program finds a duplicate file name, it will display the following warning message: 

WARNING- Duplicate File: WATERTOW.DAT  In File: CAVES.SEF Line: 68 

Because of this problem, the conversion program has the option of creating unique filenames. 

2. Survey Names. SEF files do not support survey names in the same way as COMPASS. In COMPASS, the survey name corresponds to the letter prefix of each station name. For example, if the survey name is "AB" then the station names will be AB1, AB2, AB3 etc. Some other programs treat survey names more like comments using names like: "The Big Room Survey". (COMPASS has a survey comment field that is used for this type of information.) The conversion program does its best to generate survey names from the data, but it does not work perfectly. After you converted a file, you'll probably want to rename each survey and check for duplicate survey names in the survey editor. 

3. Make files and Linking Stations. COMPASS Project files are used to combine multiple data files into a single cave system. Some survey programs allow multiple caves in the same SEF file. It is very common when you have two or more caves, that there will be duplicate station names between the two caves. For example, most cave surveys start with the "A" survey, so the chance of having duplicate "A1" station is very high. 

COMPASS's method of dealing with these duplicates is to create linking stations between the two caves. These "Links" have the effect of isolating the caves from each other, so that the duplicate station names do not interfere with each other. If you are converting SEF files with duplicate station names, you will have to create links or else the images will show strange looking long shots between different sections of the plot. 

Exporting An SEF File
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Export Options. Currently, the program has one export option “Omit Directory Information.” Normally, when COMPASS exports a cave project, it puts each COMPASS files into a separate SEF directory. Some other survey programs have trouble handling these directories. As a result, the program allows you to omit directory information from the SEF file.

Exporting. To export an SEF file, select "Tools|Export SEF File" from the menu bar. The program will display the Export Window. Next, press the "Export" button and select either a Project File (.MAK) or a Survey Data File (.DAT) to export. As the conversion process proceeds, status information and error messages will be displayed. Finally, when the conversion process is complete, press the "Close Button." A file with an SEF extension will be left in the same folder as the file you converted. This file can then be imported into other survey programs. 

As the conversion process progresses, the window will display the details of the conversion process. Most of the time, there will be no problems or errors, so you can ignore this display. If, however, you are having problems converting the data, this screen will give you important information that can help you fix a problem. Any errors that occur during the conversion process will be displayed in the bottom window. 

For more information about the Export Process, see the Export Issues section. 

SEF ExporT Issues
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1. Control Points. If you convert a standard COMPASS Data File (.DAT) to "SEF" format, no control point will be generated. Some programs such as SMAPS require a control point for every cave before it compiles. As a result, you must create at least one control point for the cave survey. Creating control points is covered in detail in the SMAPS manual. 

If you convert Project (.MAK) file to "SEF" format, and the ".MAK" contains fixed stations, they will be converted to control points. As a result, you don't have to create control points for this type of file. 

2. SMAPS 5.1. SMAPS version 5.1 does not appear to read SEF files correctly. The data appears to be correct when viewed in the SMAPS editor, but plots incorrectly. Sometimes the problem will correct itself, if you make a minor change to the declination for the survey and resave it to disk. The problem appears to be fixed in later versions of SMAPS 

Loop Closer
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In COMASS, the Loop Closer is built into the Project Manager. The Loop Closer takes Survey Data Files (.DAT) and closes all the loops in the files. The Project Manager automatically runs the Loop Closer when it is needed, but it can be useful to understand how it works. Here is detailed information about the operation of the loop closer:

	Operations
	Theory

	Using the Loop Closer
Close Progress Display
Loops and Fixed Stations
Loops Across Survey Files
Closing Errors
Close Statistics
Close Options
	Loop Closing Theory
How the Loop Closer Works
Loop Closing Myths 

Measuring Loop Quality
Survey Errors


How The placeLoop Closer Work
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The Loop Closer takes an ordinary survey data file and processes it so that all the loops are closed. The closed data is then written to a file on disk. These files have the extension ".CLP" and are identical to the ".DAT" file except the shots in the loops have been adjusted to close the loops. In fact, you can examine CLP file with the Editor and see how the Loop Closer has adjusted various shots to close a loop. This can give you clues as to where the errors might be.

The COMPASS loop closer uses special loop closing techniques. Click here for detailed explanation of the philosophical and theoretical aspects of loop closing. 

The Loop Closing Process. As the Loop Closer processes a cave file, it performs a number of operations on the data. Understanding these steps can help you solve certain problems with the cave data. Here is a detailed explanation of the steps:

1. Locating Loops. Before you can close a loop, you must find the loops in the data. COMPASS locates loops by looking for closing shots. Normally, when you take a survey shot, one of the stations is new and one of the stations has already been defined by the previous shot. However, when you survey the last shot in a loop both stations are defined. This is the closing shot. By walking backward from the closing shot to the first shot in the loop, the program locates all the shots in the loop. 

2. Calculating Errors. The COMPASS loop closure technique closes the best loops first. This way, errors from relatively bad loops are not distributed to the good loops, spoiling their accuracy. In order to decide which loops to close first, the errors for each loop must be calculated. 

3. Adjusting Shots. The errors in each loop are removed by adjusting each shot so that it compensates for part of the error. Since long shots cause larger errors than short shots, long shots are adjusted proportionately more than short shots. After each shot is adjusted, it is marked so it cannot be adjusted again. This way, shots that are part of a previously closed loop are not adjusted. 

4. Merging Data. Once the all the loops have been closed, the newly closed shots are merged with original data to produce a new data file.

Loop Closing Theory
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Survey Loops. Many caves have passages that wind around in a circle and connect back to themselves. When this type of passage is surveyed, it is called a loop. If a loop is surveyed perfectly, the survey should come back to the exact point where it started. If the loop doesn't come back to the exact starting point it means that there has been one or more errors in the loop and this is called a closure error. If you process and display a loop without any special processing, all the errors in the loop will be combined on the last shot in the loop and it will be severely distorted. In fact, if the last shot is at a passage junction, the intersection can look totally different from what is in the cave. Even worse, if the closure errors are large enough, the whole shape of the cave can be distorted by the errors. For these reasons, one of the steps in processing of cave data is to close all loops.

Closing Loops. Closing loops is a mathematical process that systematically adjusts each shot in a loop to minimize the effects of errors. This is done by distributing the errors throughout the survey. In effect, it gives you lots of little errors distributed around the loop instead of one big error at the point where the loop closes.

Random Errors and Blunders. A loop closer has to deal with two kinds of errors: Random Errors and Blunders. Random errors are small errors that result from the fact that it is impossible to get absolutely perfect measurements each time you read a compass, inclinometer or tape measure. Random Errors are easy to deal with because they are small and they have mathematically predictable properties. Blunders are more dramatic errors caused by mistakes in the survey process like reading the wrong end of the compass or transposing digits when you write a measurement in the survey book. 

Blunders are important in cave surveying, because the environment is difficult and so blunders are much more likely. As a result, blunders are very common in cave surveying. One experiment indicates that one in every twenty shots has a blunder. Also, because the environment is so difficult, it may take many years for a blundered survey to be redone. For this reason, a cave survey loop closer must be able to deal with blunders.

Loop Closing Techniques. Most cave survey programs use a mathematical process called Least Squares to close survey loops. To do Least Squares correctly, the program must analyze the survey data, looking for blunders. If blunders are found, the process must be adjusted to compensate for the blunders and the surveys must be re-closed. If these steps are not taken, the blunders will be propagated throughout the cave, contaminating unblundered surveys and loops and distorting the cave.

Least Squares is an excellent method of closing loops, but most survey programs do it wrong. In the 1970’s there was an article published in the NSS Bulletin describing a simplified Least Squares technique that omitted the important step of dealing with blunders. Unfortunately, most cave survey programs modeled their loop closers after this article and they have severe problems with blunders. In fact, the only program I’m aware of that does Least Square correctly is a British survey program called Survex.

COMPASS’s Loop Closing Technique. COMPASS uses a technique that has been used by surveyors, cartographers and mapmakers up until the 1960’s. It was used to create some of the most accurate surveys in the world. It is particularly well suited to cave surveying because of its speed, simplicities and because it handles blunders well.

The COMPASS loop closer works by examining all the loops in the cave and finding the best and worst errors. It then starts with the best loop and closes it, “locking down” all the stations in the loop so they cannot be adjusted again when any of the later loops are closed. It continues adjusting loops one-by-one until the last and poorest loop is closed. This has the effect of preserving the quality of the good loops while preventing the bad loops from contaminating the rest of the cave. For a complete discussion on various loop-closing techniques, refer to the COMPASS web page at http://fountainware.com/compass 

For a detailed explanation of the mechanics of the COMPASS loop closing, click here.
USING THE LOOP CLOSER
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The Project Manager automatically runs the loop closer whenever you process data, if you enable the option in the Project Manger Window. You control which files are closed by highlighting different items in the project tree. For example, if you have a single file highlighted, only that file will be closed. If have the project file at the top of the tree, the all files in the project will be closed.

It is not necessary to close loops every time you work with a data file. Only when you are interested in the fine details, do you need to close loops. Normally, this would be when you are studying passage detail or preparing a finished map.

You can also manually close survey files using the manual processing options.
Close Progress Display
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While the Loop Closer is processing a file, the program displays a status screen that shows what is happening while the file is being closed. Files are closed in several stages and the display allows you follow the process. Here is detailed explanation of each item that is displayed during the closing process: 

1. Reading Cave File. This item displays the name of the current file being processed. 

2. File Count. Just to the right of the Cave Filename display is an unlabeled cell that shows the number of files that have been processed. 

3. Surveys. This item is a count of the number of surveys processed. 

4. Suspend. This item displays a count of the number of suspended items encountered. Suspended shots are shots that don't connect to the rest of the cave at the time they are initially processed. The program saves them for later processing. 

5. Resolve. This item shows the process of resolving suspended shots. After the Loop Closer has finished processing the cave, it tries to resolve any shots that have been suspended. Each time this number changes, the Loop Closer is trying to resolve another suspended shot. Since suspended shots often depend upon other suspended shots before they can resolve, it may take several passes through the suspend-list before all shots will resolve. 

The Loop Closer also tries to resolve suspended shots any time the number exceeds 500. This helps speed up processing. Any shots that are resolved are purged from the suspend buffer. If no shots can be purged from the suspend buffer, the buffer is expanded by 250 and processing continues. 

6. Loops. This item displays a count of the number of loops encountered. 

7. Closures. This item shows the Loop Closer locating all of the stations in survey loops. 

8. Loop Errors. This item shows Loop Closer calculating the loop errors in preparation for closing the loops. 

9. Adjusting. This item shows the process of adjusting and closing survey loops. Two numbers are displayed. The first number shows a count of the loops closed. The second number shows the index of the loop being closed. The program closes the best loops first, so the second number shows the best loops first. 

10. Merging Shots.  The final step of the closing process is merging the adjusted shots with the rest of the file. This item shows a count of the merged shots. This is the final step in the closing process. 

11. Errors. This item shows the number of errors that were encountered during the closing operation. 

12. Error Information. The unlabeled cell to the right of the error count shows more detailed error information. 

Errors. If the Loop Closer encounters any errors during processing, a warning bell will ring, but the program will continue closing the cave. When the closer process is finished, the program will move on to other operations even if there was an error. However, you have the option of having the Closer pause after it has finished so you can examine the display. Also, any errors that were encountered during the close process will be logged in the Error Log.
Finishing. If the process was successful, the progress screen will disappear after the cave is closed. The Project Manager will then continue any other operations that you have set in motion. Once has finished, you can view statistics on the file or process another file. 

Aborting. You can also abort the closing process by clicking the mouse on the "Abort" button in the progress screen. If you abort, the closing process is terminated and no CLP file is generated.

Loop Closing Myths
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Many people have misconceptions about what closing a loop does. They often assume that when the computer "closes" a cave all errors will be fixed. This is not at all true. The best the computer can do is to distribute the errors around the cave in a way that minimizes the impact of the error. So, instead of the errors piling up on one shot, it is distributed among many other shots. In other words, after closing a loop, most of the station locations are slightly less accurate and one station is much more accurate.

If you have a large error and a short loop, more errors will be distributed to each station and the accuracy of the station locations will be even worse. The best you can do in these situations is try to isolate or unweight the worst loops so the effects of the errors don’t spread to the rest of the cave. This is what the COMPASS loop closer does.

Since closing loops doesn’t improve the accuracy of the survey, the main reason for closing loops is cosmetic. If loops are left unclosed, all the errors in the loop pile up at the closing station. This creates plots with large offsets in the middle of passages or junctions where the angles are all wrong. This makes it very difficult use the computer plot as the basis for a finished map. Closing the cave allows you to create plots that don’t have major distortions so they can be used for finished maps.

When you have a large error, you should understand that the computer cannot fix the error. The only correct thing to do is resurvey parts of the cave and eliminate the error. Unfortunately, the reality is that caves are difficult environments and it can take years to get a resurvey done. In the meantime, people want maps; so closing loops is a compromise that makes the best out of a bad situation.

Measuring Loop Quality
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Another problem with loops is that it is difficult to determine which loops are good and which loops are bad. There are several different ways of analyzing loop errors. The three most common methods are "Absolute Error Size", "Percent Error" and "Standard Deviation." 

Absolute Error Size. With Absolute Error Size you simply look at the closure error of each loop. Large errors are bad and small errors are good. Unfortunately, no matter how well surveyed a loop is, the accumulated error gets larger as the loops get longer. As a result, long loops will automatically look worse than small loops. 

Percent Error. Percent Error is designed to compensate for the fact that long loops have more error. With Percent Error, the quality of a loop is measured by dividing the error by the loop length. This gives a more accurate measure of loop quality. Unfortunately, percent error is not a completely accurate way of measuring loop quality. There are several problems with the way Percent Error works:

1. The Number of Shots. Although Percent Error takes into account the length of a loop, it does not take into account the number of shots in a loop. For example, you could have two loops, each one a 100 feet long. The first loop could have 10 shots in it, the second loop could have three. Although you might think that having more shots would cause more errors; the opposite is true. The errors in one shot have a tendency to cancel out part of the error in other shots. (This is a normal property of random errors.) Thus, if you have more shots covering the same distance, you can expect the errors to be smaller.

2. Instruments. Another problem with Percent Error is that it ignores the way cave survey instruments work. The compass, inclinometer and tape have different error properties and different effects on the kind of errors you would expect from them. For example, if you have a narrow cave where most of the passages run north and south, compass errors are going to be expressed in the east-west direction. Likewise, compass errors do not effect the vertical position of a station, but tape and inclination errors can. This complex interaction between the different instruments and the configuration of the cave can give different errors in different situations. Thus, what would be considered a high quality survey for one cave might be considered very bad for another. Since the Percent Error does not take into account these complex interactions, it does not give an accurate idea of the loop’s quality.

Standard Deviation. The final method of measuring loop quality is Standard Deviation. This technique takes into account the number of shots, the length of each shot, the quality of the instruments and the configuration of each individual shot. It also takes into account the fact that errors tend to add up statistically rather than arithmetically. In other words, because the errors are random, they tend to cancel each other out. This is easy to see. If the errors are random, sometimes you will read the compass slightly to the left of target, sometimes slightly to the right. 

Standard Deviation is a measure of the spread of the data. In the case of cave surveys, we want to know what spread of errors we can expect on a good survey that only has random errors in it. Survey errors obeys statistical laws. If a survey loop is good, it will only have random errors in it. Random errors have certain properties that make them predictable. By comparing the prediction with actual errors, you can determine the quality of a loop.

The process starts by using estimates for the level of error for each instrument. The program then walks around the loop, applying the instrument error values to each shot. By summing statistically all the errors around the loop, the program makes an estimate of the size of the errors in the loop. This estimate is the standard deviation. The predicted standard deviation is then compared with the actual errors in the loop. If the errors exceed the prediction, then the loop is probably bad.

The Meaning of STDs. Generally speaking, loops that are more than three times the prediction (or three standard deviations) probably have a blunder in them. Loops with two standard deviations are suspect. However, it is important to understand that standard deviation does not give an absolute good or bad reading. For example, statistics tell us that 99.74% of all good loops will fall within three standard deviations. As a result, we can be pretty sure that any loop beyond three deviations will be blundered. However, even here, there are still 2 chances out of a 1000 that the loop is okay. Sometime the accidental and random errors of the compass, inclinometer and tape combine in just the right way to make an unexpectedly large error. 

Caveats. You have to be careful when you make assumptions about loop quality. Even standard deviation can be deceptive. For example, in Groaning cave there is a loop that is 1873 feet long, which has a 15-foot error. This gives a 0.98% closure error and 1.6 standard deviations. Normally, this would be thought of as a good quality loop. However, in this case, most of the error is vertical. Groaning is a relatively flat cave, with only about 30 feet of vertical relief in this part of the cave. When you compare the 15-foot error against the vertical relief, it is 50% of the height, a huge error. 

The deceptive part is that the loop closes well horizontally, and looks good in a plan view. However, if you look at the cave in profile, the error stands out like a sore thumb. The lesson here is that you have to put every error in context.

Loops With Fixed Stations

xe "Loops With Fixed Stations"

xe "Loops\\: Measuring Quality"

xe "Fixed Stations"

xe "Control Points"

xe "Constrained Stations"
COMPASS allows you to create fixed survey stations. Fixed survey stations are stations whose location is anchored to preset coordinates. Fixed stations effect the way the loop closer closes loops. If you have one fixed station, there is no effect on the loop closing process. If there is a loop in a cave with one fixed station, the loop just becomes anchored to the fixed station. 

If you have two or more fixed stations, the fixed stations change the way loops are closed. They "lock-down" the ends of survey lines and create artificial loops. As an example, let’s say you had two shots: A1->A2 and A2->A3. If A1 and A3 are tied to fixed locations, then you have, in effect, an artificial loop. The loop closer will then adjust this loop making sure that the fixed stations do not move. This will have the effect of distributing all errors between the two fixed stations. (Note: Since fixed stations are defined in Project files, you have to create and use a project file before the loop closer will use fixed stations.) 

Closing Loops Across Separate Data Files

xe "Cross-File Loops"
When you are closing a Project File that contains more than one survey file, the Loop Closer can close the files in two different ways: 

1. Inside Files. When the Closer uses this technique, it only closes those loops found inside each file. This means that any loops that extend outside of an individual file are not closed. 

2. Across Files. When the Closer uses this technique, it closes all loops both inside and outside of the files. This means that any loops, no matter how many files they may cross, will be closed. 

Linking. The Loop Closer uses the way a project is Linked to determine if the files in the project should close across files. Links are used to connect together survey files that have duplicate station names and might interfere with each other. "Links" are a list of station names that are common between two or more files. When you use links, COMPASS assumes that the links should be the only connection between files and so it throws away all information except the links when it processes a new file. Normally, linking is used when you are connecting together surveys for several different caves. If is fairly common to have different caves with same station names. These duplicate survey names would cause the problems if you did not use linking.

Loop And Links. When you close a file with links, COMPASS assumes that the linked files could interfere with each other and should be kept isolated from each other. Therefore, it does not close any loops that cross between files. On the other hand, if there are no links, the Closer processes all the files together as though it were a single data file. As a result, all loops are closed together.

Compass treats fixed stations the same as links. In other words, if you have a fixed station associated with a file, Compass assumes that the file should be kept isolated from previous files and so it purges all station names except for the link.  

Mixed Projects. COMPASS also allows you to combine survey files so that some of the files are closed in groups and some are not. This allows you to close some loops across survey files and some not. For example, you could have two caves, each consisting of several survey files. Obviously, you would want to close the loops inside the caves, but not want to do any closing between caves. 

An Example. Here is a more detailed explanation of how Links effect what data is closed. The key is to understand that whenever COMPASS sees a Fixed Station or Link, it is a command to "forget" or "purge" all previous information except the Links or Fixed stations. Thus, by strategically placing your Links and Fixed Stations you can control what parts of the cave are closed together and what parts are not. Here is an example that illustrates the way it works: 

	DataA.DAT -
	Fixed Stations -
	Closed with 1st Group

	DataB.DAT -
	No Links
	Closed with 1st Group

	DataC.DAT -
	No Links -
	Closed with 1st Group

	DataD.DAT -
	No Links -
	Closed with 1st Group

	DataE.DAT -
	Links -
	Closed with 2nd Group

	DataF.DAT -
	No Links -
	Closed with 2nd Group


As you can see, data files DataA, DataB, DataC and DataD are closed together. Also, DataE and DataF are closed together. If there are any loops between the two groups, they will not be closed together. 

Normally, Links are only used to isolate two .DAT files or two groups of .DAT files. The only reason you do this is to keep from having duplicate station names. Usually, surveyors are careful not use duplicate station names in the same cave. So, the only time you have duplicate station names is when you are connecting two different caves together. Thus, the typical situation for using Links is connecting two different caves together. In my example, DataA, DataB, DataC and DataD could be different parts of the same cave and DataE and DataF different parts of a second cave. 

Problems. There are a few situations where you could encounter a problem. For example, if you did have duplicate station names in the same cave, you wouldn't be able to close the whole cave at once. Also, there are situations where you might want to have a giant loop that includes several different caves connected together with an overland survey. 

All these problems can be solved by making sure that you have no duplicate station names. One way to do this, is to prefix each station with a letter or number that would make all the station names unique. For example, if you had the stations A1, A2, and A3 in two different files, you could make them unique by prefixing them like this: 1A1, 1A2, 1A3 and 2A1, 2A2, 2A3. The COMPASS Editor has tools that can help you prefix stations in a survey.

The Compiler

xe "The Compiler"

xe "Compiler"

xe "PLT"
The Compiler is built into the Project Manager and it performs the basic operation of preparing raw survey data or closed survey data for viewing, plotting and printing. It also generates statistics and information that can be used to locate blunders in the data. The Project Manager automatically runs the Compiler when it is needed, but understanding the Compiler can help you solve certain problems. Here is detailed information about the Compiler:

Using The Compiler
Compiler Progress
How The Compiler Works
Compile Errors
Cave Statistics 

Compiler Options
USING THE CAVE SURVEY COMPILER

xe "USING THE CAVE SURVEY COMPILER"
The Project Manager automatically runs the Compiler whenever the data changes and needs to be updated.  Just pressing the Process and View button on the main Project Manager screen will process any files that need to be updated. You can control which files are processed by highlighting different parts of the Project Tree. You can control how the files are processed by selecting different process options. Finally, if you need view statistics, you can force the Project Manager to update the statistics by pressing the Run|Process Only option from the menu bar.

In most cases, you should just let the Project Manager control which files are processed; however, there are a few occasions where you might want to take control. For example, you may want to force the project to be recompiled after you have changed some Compiler settings.

Manual Operation. Finally, you can operate the Compiler manually if, for some reason, you want to process a survey file that is not part of the current project.

Compiler Progress

xe "Compile Progress"

xe "Progress"

xe "Progress\\: Compiler"

xe "Compile Steps"
As the Compiler processes a file, the program displays a progress screen that shows you what operations are being performed on the file. Files are processed in several stages, so there are several different items displayed: 

1. Reading Cave File. This item displays the name of the current file being processed. 

2. File Count. Just to the right of the File Name display is an unlabeled cell that shows the number of files that have been processed. 

3. Link Stations. This is a list of the stations that have been used to link files together when processing multiple files. 

4. Surveys. This is the name of the current survey being processed. 

5. Suspend. This item displays a count of the number of suspended items encountered. Suspended shots are shots that don't connect to the rest of the cave at the time they are initially processed. The program saves them for later processing. 

6. Loops. This item displays a count of the number of loops encountered. 

7. Resolve. This item shows the process of resolving suspended shots. Each time this number changes, the compiler is trying to resolve another suspended shot. Since suspended shot often depend upon other suspended shots before they can resolve, it may take several passes through the suspend list before all shots will resolve. 

8. Min/Max. This item shows the compiler searching for the top, bottom, eastern, western, northern and southern extents of the cave. 

9. Closures. This item shows the compiler locating all of the stations in survey loops. 

10. Writing Shot. This item shows the compiler writing shots to the PLT file. This is the final stage of processing. 

11. Errors. This item shows the number of errors that were encountered during the compiling operation. 

12. Error Information. The unlabeled cell to the right of the error count shows more detailed error information. If the compiler encounters any errors during processing, a warning bell will ring, but the program will continue to compile. If errors were detected during a compile and you have selected the Pause On Error option, the progress box will stay on the screen after the compile. 

If the process was successful, the progress screen will disappear at the end of the compile and, depending on which operations you have selected, the Project Manager may move onto displaying the cave with the Viewer. Once a cave has been processed, you can view error information and statistics.
Aborting. You can also abort the compile process by clicking the mouse on the "Abort" button in the progress screen. If you abort a compile, the compile process is terminated and the no PLT file is generated.

Compiler Overview

xe "Compiler Overview"
The Compiler processes Survey Data Files (.DAT) or Closed Data Files (.CLP) and converts them into a format that can be plotted, printed or viewed on the computer screen. While it is processing, it accumulates more than 40 different cave statistics. It also gathers information that can be used to pinpoint the locations of blunders in the cave. 

When cavers survey a cave, the measurements are in what is called "polar" coordinates. However, computers generally use "Cartesian" coordinates to display images. For this reason, the main job of the compiler is to convert polar coordinates to Cartesian coordinates. 

Polar vs. Cartesian Coordinates. With polar coordinates, you measure angles and distances. For example, with the typical survey shot, you measure a compass angle, a distance and an inclination. Cartesian coordinates, on the other hand, measure the distance from the entrance in the East, North and Vertical directions. For example, a station might be 25 meters north, -17 east and -35 vertical from the entrance. 

When the compiler generates Cartesian coordinates, it writes them to a special file called a Plot File. Plot files have the extension ".PLT" or ".PLF" for special feature files. (Feature files are generated by accessory programs such as the DEM Reader.) The ".PLT" files can be viewed, printed and manipulated in a variety of ways. By saving coordinate information in a special file, COMPASS saves memory and speeds up viewing and plotting caves.

Shot Types. A cave data file consists of a series of measurements called "shots" that map the layout of a cave. A shot is used to connect two points in the cave that are called "stations." Three basic measurements are used to connect stations: length, azimuth and inclination. A cave survey is made up of dozens of shots that can be connected in many ways. For example, here is a more complicated series of shots: 

[image: image5] 

This diagram illustrates five basic types of shots. When The Cave Survey Compiler processes a cave data file it must deal with each of these types of shots differently. In order to use the program most effectively, it is useful to understand how each type of shot is processed. Here is a list of the basic shot types:

1. Origin shots. 

2. Normal shots. 

3. Backsights. 

4. Hanging shots. 

5. Loops. 

Origin Shots

xe "Origin Shots"

xe "Compiling"

xe "Compiling\\: Origin Shots"
All surveys have to begin somewhere. The first station in a cave survey is called the origin. Most of the time, the origin is at the entrance of a cave, but it can be almost anywhere in the cave. It all depends on where you begin surveying. For example, if you started surveying at the back of the cave and surveyed out, the origin would be at the back to the cave. Basically, the Compiler treats the first station in the survey file or survey project as the origin. 

The origin is important because it is used as the reference to all other stations in the cave. The Compiler set the location of the origin station to zero east, zero north and zero vertical. The location of every station and feature in the cave will be relative to this station. For example, if the elevation station CD21 is at -20 feet, this means that it is twenty feet below the origin. 

You can force any station in a cave to be at a fixed location using the fixed station options. Usually, you will set a fixed location for the entrance station, which will also be the origin. However, since you can set a location for any station, you can effectively override the origin station. In this case, the origin station will appear at some location relative to the fixed station. 

Normal Shots

xe "Normal Shots"

xe "Compiling"

xe "Compiling\\: Normal Shots"
In a normal survey shot, all measurements are taken starting at the “from” station going toward the “To” station. In the diagram, A1 to A2 is a normal shot. 

[image: image6]
It is important to understand that a normal shot goes from a defined station to an undefined station. In the diagram, the shot A1 to A2 goes from the origin, whose location is defined, to A2 whose location, at the time, is undefined. As soon the shot is processed, the location of A2 is defined. Thus each shot defines the location of a new station and a picture of the cave is slowly built one shot at a time.

Backsights

xe "Backsights"

xe "Compiling"

xe "Compiling\\: Backsights"
COMPASS recognizes two kinds of backsights: Normal Backsights and Redundant Backsights.

Normal Backsights. Normal backsights are sometime called reversed shots and they occur when the measurements are taken from the "to" toward the "from" station. In the diagram, A2 to A3 is a normal backsight.
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Redundant Backsights. A redundant backsight occurs when you make two measurements of the same shot. One measurement is a foresight and one measurement is a backsight. The purpose of a redundant backsight is to catch blunders and reduce errors. 

How The Compiler Processes Backsights. In order to process a backsight, the computer reverses the compass and inclination angles. This is done by adding 180 degrees to the azimuth and by changing the sign (+/-) of the inclination. With the redundant backsights, you have the option of having the Compiler average the two values. In cases where either the foresight or backsight are missing, the Compiler will use the values that are available.

Hanging Shots

xe "Hanging Shots"

xe "Compiling"

xe "Compiling\\: Hanging Shots"

xe "Suspended Shots"
Sometimes it is necessary to begin a survey starting at the end of a branch passage. When this happens, the shots in the branch have no connection to the rest of the survey until the shots reach the main survey. This kind of shot is called a "hanging" shot. B1 and B2 in the diagram are hanging shots. 

[image: image8]
How The Compiler Processes Hanging shots. In a hanging shot, neither station is defined. As a result, the computer cannot process the shot when it reads it. It has to wait until one of the stations has been defined. It does this by suspending the processing of the shot until later. This is called a suspended shot. The program puts suspended shots into a list, which is reprocessed periodically to see if the parent stations have been defined yet.

Loops

xe "Loops"

xe "Compiling"

xe "Compiling\\: Loops"
A loop is a series of shots that form a complete circle and connect back to itself. In the example, stations A3, A4, A5, and A6 form a loop. 
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How the Compiler Processes Loops. In a loop closure, both stations are defined. For example, the shot from A6 to A3 closes the loop and both stations are defined before the shot is processed. Since A3 is already defined, this shot defines it again. If there have been any errors in the loop, the two definitions will put A3 in different places. The program calculates the difference between these two locations and this measures the amount of error in the loop. 

ERRORS

xe "Errors"

xe "Log"

xe "Log\\:Error"
As COMPASS processes a survey file, it can encounter several different kinds of errors. Some errors are simple and the program can continue to process data without stopping. Other errors, particularly errors that result from a corrupted file format cause the program to abort processing. 

The Error Log. All errors are saved to an Error Log. The Error Log saves all errors generated during a session, no matter how many files have been processed. The error log appears at the bottom of the Project Manager window and is automatically displayed when data is processed. You can also display the Error Log by pressing the “Show/Hide Error Window” option on the Tool Bar or selecting the "View|Error Log" option from the menu bar.

All error messages are prefaced with the file they occurred in. This way it is easy to tell which file caused the problem. Depending on how a project is linked, some files may get processed more than once and so their names may appear in the error log more than once. Here is a list of the known error messages:

	1. Shots With No Tie In.
2. Disk Error. 

3. Out Of Memory. 

4. User Abort. 

5. Zero Length Loop.
	6. Un-closable Loop. 

7. Unable To Open. 

8. Windows Errors. 

9. Program Bugs. 

10. Linking Station Not Found.


Shots With No Tie-In

xe "No Tie-In Error"

xe "Tie-In"

xe "Tie-In\\: Bad"

xe "Errors"

xe "Errors\\: Tie-In"
This error indicates that one or more shots do not tie into the rest of the cave. Every shot in a cave must ultimately connect to other shots that connect back to the origin or a fixed survey station. If this does not happen, the shot is unresolved and the program doesn't know what to do with it. For example, here is a simple survey where one of the shots doesn't tie to the rest of the cave: 

     A1A2   A2A3  A4A5 

Here, the shot A4 to A5 doesn't connect to the rest of the cave. Unresolved shots are generally caused by omitting shots from the data. They can also be caused by mislabeled stations in the cave.

Disk Errors

xe "Disk Errors"

xe "Errors"

xe "Errors\\: Disk"
This is a general error that indicates a problem reading or writing from the disk. It could be caused. by something simple, like the disk being full. It can also be caused by a corrupted file. If the file format is corrupted, the program may read past the end of the file looking for a particular item.

Memory Errors

xe "Memory Errors"

xe "Errors"

xe "Errors\\: Memory"
This error indicates that the program has run out of memory trying to process the file. The program requires about one megabyte of FREE memory for each 86 miles of cave processed. Generally, you can increase the amount of free memory by closing other programs or by adding more memory to your system.

Abort Errors

xe "Abort Errors"

xe "Errors"

xe "Errors\\: Abort"
Technically this not a true error. This message indicates that you have aborted the processing of a file and that no CLP fileor PLT file was generated.

Zero Length placeLoop

xe "Zero Length Loop"

xe "Errors"

xe "Errors\\: Zero Length placeLoop"
This is an error condition where all the shots in the loop total zero length. This is usually the result of a typographical error since it is unlikely that any real cave would have a loop with zero length. It can also occur when the same survey appears twice in a file.

Uncloseable placeLoop

xe "Uncloseable Loop"

xe "Errors"

xe "Errors\\: Uncloseable placeLoop"
This is usually not a true error. It simply indicates that the program was unable to close the loop. It occurs when all of the shots in a loop are either excluded or are part of a loop that has already been closed. If all the shots have been previously adjusted or excluded from adjustment, then no shots can be adjusted and the loop cannot be closed.

Unable To Open Error

xe "Link File Open Error"

xe "Errors"

xe "Errors\\: Link File"
This error indicates that the program was unable to locate one of the files specified in a Project File. Check to make sure the file specified in the Project file exists in the same folder as the Project File. If the file exists in different folder, use the Path option to tell the Project Manager where the file is.

Link Errors

xe "Link Errors"

xe "Errors"

xe "Errors\\: Link"
This error indicates that one of the linking stations between survey files was not found. Every linking station between two surveys must exist in the first survey. For example, if you are linking file CAVE1 and CAVE2 with station A24, A24 must be defined in CAVE1. If you get this error, check to make sure the linking station is defined in the first file or a previous link to the first file.

Windows Errors

xe "Windows Errors"

xe "Errors"

xe "Errors\\: Windows"
The Project Manager has been designed to handle all of the error conditions it may encounter. However, it is impossible to anticipate every conceivable error. This is particularly true if cave data becomes corrupted. If the program encounters an error that it did not anticipate or does not know how to handle, Windows will automatically handle the error. As a result, you may see some special error conditions For example, "Divide By Zero" and "General Protection Fault" (GPF) faults are Windows errors. If you see one of these errors, it generally indicates a corrupted survey file or a program bug. It can also occur if Windows itself becomes corrupted. As a result, it is often useful to reboot Windows, and try the operation again.

Processing Without Viewing

xe "Process Only"
You have the option of processing your cave data without automatically viewing the cave. This is useful when you are only interested in display statistics or searching blunders. You do this by selecting the “Run|Process Only” option from the menu bar. The option is also available by pressing the “Process Button” from the Statistics and Blunders windows.

You have two options when using the Process Only command:

1. Close - Generate Closure Statistics. This option runs the Loop Closer on the data which generates statistics which document the closing process. 

2. Use Closed Data. This option generates statistics based on the closed data. Normally, closed loops will have zero loop errors. As a result, you can use this option to verify that the COMPASS really has closed the loops in the cave. You can also check for instances where the loops could not be close because of parts of the loop were excluded from closing. Since this option disables your ability to view loop errors, it normally not enabled.

Settings

xe "Settings"
There are many options that control the operation of the Project Manager and COMPASS in general. Selecting "Options|Settings" from the menu bar allows you set the Project Manager's operation to suit your needs. The Setting window is divided into four pages. Here is detailed information for each page:

	General Options
	Compile Options

	Process With Flags
Instrument Corrections
Average Backsights
Units Options
Calculate Declination
Uncertainty Settings
Saving Settings
	Purge Suspended Shots
Use Closed files with Projects
Use UTM Convergence
Use LRUDs With TO Station
Break Loops
Post Processing Options.

	Close Options
	Directory Setup

	Closer Options
Post Processing Options.
	Directory Setup

	Profile Mode
	

	Unfolded-Profile Settings
	


Important Note. The changes you make in the setting will not appear in the plot or statistics until the data is reprocessed. COMPASS does not automatically reprocess the data unless the data itself has changed. For this reason, you may have to force the data to be recompiled or closed. You do this by setting the Process Options and then pressing the “View” button. Also, options such a Breaking Loops can be hidden if the data is closed. This is because the loop error will so small after closing that now break will be visible.

Saving Setings

xe "Saving Settings"

xe "Settings"

xe "Settings\\: Saving"
Most Project Manager settings can be saved so the next time the program is used, it will have the configuration you want. You can also save the current settings by selecting "Options|Save User Settings" from the menu bar. This will save most current settings and they will become the default setting the next time the program is run.

There are a couple settings that are not saved this way because they are not commonly used and it could cause confusion if they were left enabled. For example, the Break Loops option is only used for diagnostic purposes and could cause station name confusion if it were enabled by default.

Units

xe "Units"
This option allows you to select either the US Survey Foot or the International Foot for all COMPASS operations. Once you have set this option, all COMPASS programs will use the units you have selected whenever it converts between feet and meters. When you change options, the change will take effect immediately for the Project Manager; however, any of the sub programs such as the Viewer or Editor must be re-run for the change to take effect.

Foot Units. There are two different standards for the Foot. One is called the International Foot and the other is called the US Survey Foot. The International Foot is defined as 0.3048 of a meter and the US Survey Foot is defined as 0.304800609601, which makes it 0.000024 inch longer. This may not sound like much, but if you are working with UTM coordinates in the northern United States, the conversion difference can be as much 35 feet. 

The US Survey Foot is and has been widely used for mapping, benchmarks and surveying. It was used for the 1933 State Plane Coordinate System and is still mandated for certain federal projects. For this reason, COMPASS offers the option of using either unit. 

For most things, the choice of units will make little difference. It has no effect on any measurements or coordinates that were originally entered in meters and displayed as meters. However, any measurements that were originally in one unit and displayed in another can be effected. Also, for small numbers less than about 200 kilometers or 100 miles, the choice of units makes little difference. However, for larger numbers like UTM coordinates, the units can make a relatively large difference. 

If you are working with feet units that will be converted or displayed as UTM in meters or UTM units that will be converted or displayed as feet, it is important to know if your reference points and maps using the US Survey Foot or the International Foot. At this point, most maps that displays feet will be using the US Survey Foot.

Post Processing Options

xe "Post Processing"

xe "Options"

xe "Options\\: Post Processing"

xe "Statistics"

xe "Errors"

xe "Blunders"
When the Project Manager processes data, the Compiler and Loop Closer exit immediately after processing is complete. This is because most of the time you just want to process and view the cave. However, the Project Manager gives you the option of having the Compiler or Loop Closer to selectively pause after it has processed data. This way you can view the final information on the progress screen (Loop Closer or Compiler) to look for clues about problems.

You have three options for both the Compiler and Loop Closer: 

1. Don't Pause. This option causes the Compiler and Loop Closer to run without pausing. Even if the programs detect an error, processing will continue and the cave will be displayed. This is the normal mode of operation, since most errors are minor and all you want to do is view the data. 

2. Pause On Error. When this option is set the Compiler or Loop Closer will pause at the end of processing only if they detect an error. You would probably use this mode when you are working with newly entered data. This way, you can analyze any error messages that occur during processing. 

3. Always Pause. This option causes the Compiler or Loop Closer to pause even if there is no error. This is option is useful if you want to unconditionally view the Progress Screen at the end of processing. 

Compiling With Flags

xe "Compiling With Flags"

xe "Options"

xe "Options\\: Flags"
Flags control the way the Compiler and Loop Closer process each individual shot in a survey file. You can set the flags for each shot in the survey editor. Sometimes it is useful to turn off the effect of the flags without actually removing them from the survey file. This option allows you to do that. When flags are turned off, the compiler processes the cave as though no flags existed in the file. Enabling this option causes both the Loop Closer and Compiler to use the shot flags as they process data. 

Shot Flags. Each flag can effect the Loop Closer and Compiler differently. Currently, there are four recognized flags. Here is a detailed explanation of the function of each flag and how it effects the Loop Closer and Compiler:

1. L - Exclude A Shot From Length Calculations. Since the Compiler accumulates most statistics, this flag causes the Compiler to ignore the shot when it calculates survey and cave lengths. It has no effect on any other operations.

2. P - Exclude A Shot From Being Plotted. This flag causes a shot to be processed normally in every other respect, except that it is not sent to the plot file. This can be used for creating plots that don't include things like surface surveys. The flag is used by the Compiler, but not the Loop Closer.

3. C - Exclude A Shot From Closure. This flag excludes a shot from any adjustments during the loop closure process. The shot is processed normally in every other respect. This is used to lock down high accuracy surveys, so that they don't get changed or degraded by the closure process. This can be used for theodolite or other precision surveys. This flag is used by the Loop Closer and not by the Compiler.

4. X - Total Exclusion. This flag excludes a shot from any processing. It is as though the shot doesn't exist. You can exclude a shot from any and all processing. This is useful for things like breaking defective loops and excluding redundant data. Both the Loop Closer and Compiler use this flag.

placeLoop Closing Options

xe "Closing Opitions"

xe "Options"

xe "Options\\: Closing"
One of the features of the COMPASS Loop Closer is the program closes the best loops first. This prevents bad loops from distorting good loops. So, part of the process of closing loops is choosing which loops are good and which loops are bad. There are several different methods of evaluating loop quality. Some people prefer different methods.

This option allows you choose which method the Loop Closer uses to evaluate loops. To select a particular method, just click on the corresponding radio button. Here is an explanation of each method:

1. Standard Deviation. The Standard Deviation method chooses the best loops based on statistics. With the standard deviation method, the program makes an error prediction for each loop based on the quality of the surveying instruments. The better a loop matches this prediction, the better the loop is. From a mathematical standpoint, this method is the best method. It is, however, slightly slower than the other methods.

2. Percent Error. The percent error method chooses the best loops based on the percent error for each loop. The method takes the error in a loop and divides it by the length of the loop. In other words, it measures what percentage of each foot or meter surveyed is error. Percent is not the best method for evaluating loop quality, but it is still used by many people because it is easy to understand. As a result, it is included as an option.

3. Absolute Error. This method simply uses the size of the loop error, without taking into account the length of the loop or any other factors. Generally, this method is only useful when you have loops with large vertical errors and small east/north errors. Because of the way the other methods combine the east, north and vertical parts of the error, they can mask large vertical errors. 

Uncertainty Settings

xe "Uncertainty Settings"

xe "Options"

xe "Options\\: Uncertainty"
This option allows you to set the uncertainty of instruments. Both the Compiler and the Loop Closer use these options. 

Loop Closer. The Loop Closer uses the uncertainty settings when the program uses the Standard Deviation Mode of loop closure. When the program is using Standard Deviation Mode, it makes certain assumptions about how accurately a compass, inclinometer, or tape measure can be read. These assumptions allow the program to make predictions about the size of error to expect in any particular loop. Since there is some variation in the quality, accuracy, and stability of instruments and surveyors, the program allows you to change the assumption used. 

Compiler. The Compiler uses the uncertainty settings to find blunders. The uncertainty settings allow the Compiler to predict loop errors and thus determine which loops have blunders in them. 

There are three values that you can change: Length Uncertainty, Azimuth Uncertainty, and Inclination Uncertainty. 

1. Length Uncertainty. This is a measure of how accurately and consistently you can read a tape measure. The current default value is .1 foot (.03m.). This means that the program assumes that the average error when reading the tape measure will be .1 foot. It should take into account all factors that affect the quality of readings. In a tape measure, things like humidity, temperature, tension, stretch, etc. affect the accuracy. 

2. Azimuth Uncertainty. This is a measure of how accurately and consistently you can read a compass. The current default value is two degrees. This means that the program assumes that the average error when reading the compass will be about two degrees. It should take into account all factors that affect the quality of readings. In a compass, things like steadiness of hand, quality of the instrument, magnetic disturbances, parallax, inclination angle, etc. affect the accuracy. 

3. Inclination Uncertainty. This is a measure of how accurately and consistently you can read an inclinometer. The current default value is two degrees. This means that the program assumes that the average error when reading the inclinometer will be about two degrees. It should take into account all factors that affect the quality of readings. Inclinometer readings are affected by things like quality of the instrument, parallax, eyesight of the surveyor etc. 

Different instruments have different accuracies. For example, experiments on a test survey course show that tripod mounted Bruntons are most accurate, followed by Suuntos and then Sustecos. Also, due to variations in the manufacturing process, there will be variations in quality even with instruments of the same brand name.

It is difficult to give exact numbers about what level of uncertainty you should expect. There are so many factors that affect accuracy, including the type of cave and experience of the surveyor. For example, it is much easier to make accurate readings in a big warm cave like Lechuguilla, than in a cold, wet, crawly cave like Groaning. One way to deal with this issue is set up a test survey course in or near the cave you are working on. This way you can periodically check the accuracy of your instruments and surveyors.

Breaking Survey Loops

xe "Breaking Loops"

xe "Loops"

xe "Loops\\: Breaking"
This option causes the compiler to break all loops at the closing shot. This allows you to see the visual effects of loop errors. 

Details. When you survey a loop, the errors accumulate as you go around the loop and thus there can be a large error when you get back to the starting station. In effect, this gives you two locations for the starting station. Normally, the compiler ignores the second location except to calculate the loop error. (If the loop has been closed, there is no error and is no second location.) 

When you enable the "Break Loops" option, the compiler generates two versions of the starting station. To help you identify the second station, it will be enclosed in square brackets "[]". For example the second station name for A1 would be [A1]. 

The “Break Loops” option is useful for analyzing loop errors. For example, if a loop error is due to a mis-tied shot, breaking the loop may allow you to see which station is the best alternative connection. (A more complete method of finding mis-tied shots is available in the Blunder detection features.) 

Notes. In order for this option to be useful, you must not close the cave. If you do close the cave, the starting and ending stations will be in the same place. Also, since the option is only used for error analysis, you cannot save the option as a default.
Using LRUDs With the "To" Station

xe "LRUDs With the \"To\" Station"

xe "To Station with LRUDs"
Most cavers in the United States measure the Left, Right, Up and Down passage dimensions at the From or first station in a shot. For this reason, the Compiler usually associates the LRUD data with the From station. However, in some parts of the world, people measure LRUD’s at the To station. For this reason, COMPASS gives you the options of associating LRUD’s with the To station. 

Because there is only one LRUD per shot, there is always one less LRUD than there are stations. This is usually handled by entering a zero length shot with missing LRUD. The location of these missing LRUD’s is determined by whether the LRUD is associated with the From or To station. 

If the LRUD’s are associated with the From station, the missing LRUD will be on the last shot in the survey. If the LRUD’s are associated with the To station, the missing LRUD will appear on the first station, and on the last backsight in a series of backsights. 

Using Instrument Correction Factors

xe "Using Instrument Correction Factors"

xe "Correction Factors"
When you enter the data for each survey, you have the option of entering instrument correction factors. These options allow you to correct for problems in the compass, tape and inclinometer. When this option is enabled, COMPASS adds the correction factors to each measurement. These values are entered using the COMPASS Editor. For more information, refer to the Editor help.

Using UTM Convergence

xe "UTM Convergence"

xe "Convergence"

xe "Convergence\\:UTM"
This option enables the use of a UTM convergence angle. Setting this rotates the cave so it will be aligned to true north even when plotted on top a map that aligned to the UTM Grid. This is done by subtracting the UTM Convergence angle from the azimuth of each shot.

The feature should only be used when you are plotting on top of maps whose coordinates are aligned to the UTM grid. On such a map, the a line dawn straight up the page will be aligned to UTM north, but not to the actual North Pole. This drawing helps illustrate the issue:

	In the image to the right, the black lines show the grid for a map whose coordinates are aligned to the UTM Grid. The UTM grid is  derived by projecting a flat, square grid onto a spherical earth. Since the earth's surface is curved, the direction to True North is  also curved away from the vertical lines on the map.  

If you are plotting your cave data on top of a map that is aligned to the UTM grid, a line drawn straight up the page will point to true north from the caves perspective, but to UTM north from the grid's perspective. The result will be that features in the cave will not correspond to features on you the UTM map. For this reason, it is useful to apply the convergence correction to the cave data.

Remember, convergence is only useful if you want to plot the cave map on top of a map that is aligned to the UTM grid. Some  topographic maps are aligned to true north, so in that case this option should not be used.
	[image: image10]


Also, remember that if you are using Convergence, north will no longer be straight up the page. Likewise, the Compass north arrow option will point at UTM North, not true north.

Back Sight Averaging

xe "Back Sight Averaging"

xe "Averaging Backsights"
One of the reasons for entering redundant backsights is to attempt to increase the accuracy of surveys. When the Average Backsights option is enabled, COMPASS averages the front and back sights and uses the result to calculate station locations. This can give more accurate station locations in some cases.

Calculating Delcination

xe "Calculating Declination"

xe "Declination"

xe "Declination\\: Calculating"
This option causes the Compiler and Loop Closer to ignore the declination entered for each survey and calculates new declinations based on the date of surveys and the cave location. This is useful if some declinations entered in the survey files are incorrect. If the loop errors improve dramatically after setting this option, it is a sign that one or more declinations are incorrect.

If no Base Location is location is set, the program will not calculate new declination. Since only Project Files can have a Base Location, you can only use this option with a project. If an individual survey has an invalid date, the program will not calculate the declination and will use the declination value entered in the survey data.

Purging The Suspend Buffer

xe "Purging The Suspend Buffer"

xe "Options"

xe "Options\\: Purging"
This option controls how the program handles suspended shots. Suspended shots occur when a shot does not immediately connect to the rest of the survey. COMPASS saves these shots so they can be processed later. This process is called "suspending a shot." Suspending shots allows the compiler to process surveys where the shots are not in perfect chronological order. This makes it much easier to organize surveys. 

Most of the time, out-of-order shots resolve themselves within a few surveys. As a result, the compiler processes suspended shots whenever the list of suspended shot reaches a predetermined limit of 500 shots. 

When the list reaches the predetermined limit, it tries to process all the shots in the list. Shots that are processed are removed from the list, freeing memory space. This process of removing all shots that are now connected to the rest of the survey is called "purging." If the program is unable to purge any of the shots from the list, the list is expanded by 250 shot and processing continues. Thus, the number of suspended shots is only limited by the amount of free memory on the computer. 

Even though the compiler can suspend an unlimited number of shots, large numbers of suspended shots will slow processing. As a result, it is often useful to reorganize the survey in a file to make the processing more efficient. 

One of the statistics that you can examine is a list of the names of all suspended shots. This information is useful if you are trying to put the surveys in optimal order. When the program purges suspended shots, some of the information is lost. As a result, the compiler allows you to turn off purging. 

Using CLP Files With MAK

xe "Using CLP Files With MAK"

xe "Options"

xe "Options\\: Using CLP Files With MAK"

xe "CLP Files"
This option only applies when the Compiler is run manually. The option forces the Compiler to use closed data (if it is available) when it processes a project. The option is only useful under special circumstances.

The Project Manager normally controls how and which files are processed. By setting the Processing Options on the main Project Manager you have complete control over how your projects are processed and closed. 

Directory Setup

xe "Directory Setup"

xe "Setup"

xe "Setup\\: Directory"

xe "Installation"
The operations of Editing and Viewing cave data are carried out by separate programs--outside the Project Manager. The Project Manager will run these programs whenever you request these operations.  As a result, the Project Manager has to know where these programs are stored on your hard drive. Normally, when you install COMPASS, all programs are stored in a particular directory or folder and the Installation Program configures the Project Manager so it knows where to find them. If you ever need to move the programs, you have to reinstall COMPASS or tell the Project Manager where the programs have been moved. 

The Directories page of the Settings dialog box allows you to select a  folderwhere the Editor and Viewer can be found. You can type the paths and program names directly into the edit boxes. You can also click on the "Browse" button and browse through folders looking for the programs. If you want to make your selection permanent, use the Options|Save Settings option from the menu bar.

Default Directory. This option allows you to control the default directory when you first run the Project Manager. This will be the first directory you see when you first go to open a file. When Compass is first installed, the Default Directory will be the same directory where Compass is installed which is usually “C:\cave\wcomp32.” By changing this option, you can change default directory. To make you selection permanent, be sure to use the Options|Save Settings option from the menu bar.

All folder information is saved in the file "COMP32.INI" which is normally in the Windows folder on your hard drive. You can manually edit this file if necessary. (For more information on .INI files refer your Windows documentation.)

Profile Options

xe "Profile Options"

xe "Developed Profiles"

xe "Unfolded Profiles"
Profile Options

Normally, when you view a cave in profile, some parts of the passage will run directly toward or away from the screen. In this case, the passage will appear to be just a short segment even though it could be thousand of meters long. You could rotate the cave to get a better view of the passage, but, at the same time you are likely to rotate other passage so they too become shortened.

To solve this problem, Compass has feature called “Developed Profiles” or “Unfolded Profiles.” The program basically flattens out the cave so you can see the full length of every passage. This will distort some part of the cave, but it will allow you to see the full of every passage. This is useful for profile maps of deep, winding pits because the map is able to display full length details of every part of the route.

Enabling Unfolded Profiles. To enable Unfolded Profiles, select the “Option | Settings” items from the menu bar. Next, select the “Profile Mode” tab in the window and enable the “Unfolded Profile” option. Finally, force the cave to be recompile by choosing the “Compile: Always” option on the main Project Manager Page and pressing one of the “View” buttons above.

There are several options that allow you to control the operation of the Unfolded Profile:

Unfolding Mode – Nearest To Plane. In this mode, the cave is flattened by setting the azimuth each shot to the angle of a vertical plane. Since the azimuth angle could the same as the plan or 180 degrees reversed, the program chooses the angle that is closest to the original shot azimuth. This flattens each shot, but if the survey consists a mixture of fore and back shots, the profile will zigzag. On the other hand, this method produces the least distortion of the cave from the original image.

Unfolding Mode – Fixed Direction. In this mode, all azimuths are set to the same direction (90 degrees.) This will assure that every passage goes in the same directions and does not zigzag. It will, however distort the cave more.

View Angle. This option only applies to the “Nearest-To-Plane” mode described above. This angle sets the viewing angle for the profile and a consequence; it also sets the angle of the plane described above. By varying this angle, you can generate better views of profile which align various passages in better position for detailed examination.

Notes: Remember that have to recompile the cave each time you make changes to profile settings. Also, if you want to focus a particular passage in a nest of other passages, use the “Complex Plotting” options in the Viewer to isolate individual surveys.

CAVE STATISTICS

xe "Statistics"
You can display many types of interesting and useful statistics about your cave data. You can view, save or print these statistics by selecting the "View|Cave Statistics" options from the menu bar. This will bring up the Statistics Window.

As The Loop Closer and Compiler process a cave file, they tabulate statistics. As a result, before you can view statistics, you must process your cave data. You can do this in several ways. If you have used the “Process and View” button to view the cave, statistics may have already been generated. However, depending on how the options have been set, COMPASS may be working from files on disk and so no statistics will be available. If this is the case, you can use the Process button in the Statistics Window to generate statistics. You can also access this option of by selecting the Run|Process Only option from the menu bar.

Which Files Statistics Apply To. The Compiler and Loop Closer only operate on certain files and only retain statistics for certain files. For this reason, the statistical information may be incomplete. There are two main factors that effect what statistics can be displayed:

1. Selected Files. Which files are processed depends upon which have been selected in the survey tree. As a consequence, the statistics you see will depend upon which files have been highlighted in the tree. If an individual survey data file was highlighted when you processed the data, only the statistics for that file will be available. On the other hand, if the survey project was highlighted, statistics for all files in the project will be available.

2. Linking.  When you use the linking feature, the Compiler purges data from certain files so that duplicate station names will not conflict. As a result, only some statistics from the first files in the project will be missing. The Project Manager will warn you if the statistics are incomplete with the following message:

Warning! Because of Linking, information has been Purged.

Only the information from the last file(s) will be displayed.

Compiling vs. Closing. When you compile and close the data normally, the Compiler will be using closed data files and thus loop errors will be masked. This can be useful if you want to verify that the Loop Closer is truly closing the cave. However, it you want to analyze loop errors or look for blunders, you must be certain that the Compiler doesn’t use closed data files.

The Statistics Window. There are many types of information that can be displayed. To select a particular category of data, select one of the options in lower left. Linear data can be displayed in either meters or feet. To select feet or meters, click on the appropriate option on the lower right. If you are processing multi-file surveys by linking, the program may purge some information from the statistics. This means that some of the statistics apply to all of the files and some of the statistics only apply to the last file processed. Here is a description of each category of data:

	Viewing Statistics

	Exporting Statisticsli 
	Searching Statistics

	General Statistics

	The Data Summary 

Closure Errors 

Stations Within Loops 

Station Coordinates
Excluded Stations
	Suspended Stations
Survey Statistics 

Sorted Surveys
Station Sequences
Custom Export

	Closure Statistics

	Closure Summary
Closure Shots
	Closure Stats

	Errors

Survey Errors
	Blunders

Locating Blunders


Exporting Statistics

xe "Exporting Statistics"

xe "Statistics"

xe "Statistics\\: Exporting"
Sending Statistics To The Printer Or Disk. You have the option of sending the statistical data to your printer or to a disk file. Printing the data gives you a hard copy to work from. Send the data to a file, allows you to edit the data or incorporate it into other documents. To do this, click on the "Print" or "File” button.

Clipboard. You can also export data through the Windows Clipboard. By right clicking on the window, a menu will appear that allows you to “select all”, and “cut, copy and paste.” You can also use the standard Control-C, Control-X and Control-V commands to do the same thing.

Finally, you can select specific section of the statistics information. To do this, simply move the mouse cursor to the beginning of the text you wish to export and then hold left mouse button down while you move and highlight the text you want to capture. Next release the mouse button and type Control-C. The highlighted information will now be in the clipboard where it can be pasted into other programs.

Searching Statistics

xe "Searching Statistics"

xe "Statistics"

xe "Statistics\\: Searching"
Searching The Statistics. You can search through any of the statistics pages by pressing the Search Button at the bottom of the Window. You simply enter the information you to find in the "Find What" box and press the "Find Next" button. The search operation scans forward from the position of the cursor through the text. If there are multiple pages of text, it scans through each page in turn. If you want to re-search for different data, be sure to move to the first page of the information and move the cursor to the top of the screen.

The Data Summary

xe "Statistics Summary"

xe "Aliases"
This is a summary of data about the cave. It applies to all the files processed. The following example illustrates a typical data summary. 

Data Summary For: FULFORD.DAT 

========================================================

Number Of Files=     0        Station Aliases=        0 

Number Of Surveys=  29        Number Of Stations=   274 

Included Shots=    287        Excluded Shots=         0 

Ignored Shots=       0        Number Of Loops=       14 

Absolute Stations=   0        Purged Station          0

---------------------------------------------------------------- 

Cave Length=          - 6002.55 Feet  1829.58 Meters  1.14 Miles 

Excluded Length=      -    0.00 Feet     0.00 Meters 

Horizonal Length=     - 5393.66 Feet  1643.99 Meters  1.02 Miles 

Horizonal Excluded=   -    0.00 Feet     0.00 Meters 

Average Shot Length=  -   20.91 Feet     6.37 Meters 

Cave Depth=           -  256.35 Feet    78.13 Meters 

Surface Length=           705.4 Feet       215.0 Meters 

Surface Width=            946.8 Feet       288.6 Meters 

Surface Area=          667822.8 Ft^2    203552.4 M^2   

Enclosed Volume=    179256855.7 Ft^3  54637489.6 M^3   

Cave Volume=         622074.4 Ft^3  189608.3 M^3   

Volume Density=           0.47 % 

Average Diameter=        10.8 Feet       3.3 Meters 

Wall Area=             203932.4 Ft^2     18945.9 M^2   

Floor Area=          14741460.9 Ft^2   1369526.5 M^2

Average Inclination=     20.9 Deg. 

Difficulty=              22.5 

----------------------------------------------------------------- 

Highest Station=      SS7   126.30 Feet    38.50 Meters 

Lowest Station=      AAA4  -130.05 Feet   -39.64 Meters 

North Most Station=   AC7   319.44 Feet    97.36 Meters 

South Most Station=   SS6  -129.26 Feet   -39.40 Meters 

East Most Station=    B21   439.00 Feet   133.81 Meters 

West Most Station=    SC3   -94.30 Feet   -28.74 Meters 

Furthest Station=    CC15  1357.30 Feet    413.7 Meters 0.26 Miles

------------------------------------------------------------------ 

Longest Shot=            90.1 Feet      27.5 Meters 

Shortest Shot=            2.1 Feet       0.6 Meters 

Average Shot Length=     21.6 Feet       6.6 Meters 

-----------------------------------------------------------------  

There are 25 items in the data. Here is a description of each item: 

Number Of Files. This is the number of files that were processed to produce the statistics and the current plot file. It does not count the project file itself, but it does include all the files included in a project file. 

Station Aliases. This item displays the number of Aliases found in the file. An alias is the station that is in the same location as an another station, but has a different name. It is usually generated by creating a zero-length shot between stations. Aliases are used to add left, right, up and down for the last station in a survey.

Number Of Surveys. This is the number of distinct surveys processed. Only surveys with separate header information are counted. If you have merged surveys together and eliminated the survey header information, it will only count as a single survey.

Number Of Stations. This is number of unique station names that have been processed. 

Included Shots/Excluded Shots. This is the number of shots that have been included or excluded from the length totals. It does not count exclusion from closure, plotting or total exclusion. 

Ignored Shots. This is the number of shots that have been totally excluded from processing. 

Number Of Loops. This is total number of distinct loops as defined by the COMPASS loop closure algorithm. They are not minimal loops, but the loops that defined by the natural survey order process. 

Absolute Stations. This is the number of stations whose locations have been fixed to an absolute position in space. 

Purged Stations. This is the number of station that have been removed the station list due to linking.
Cave Length/Excluded Length. This is the included and excluded slope length of all the surveys processed. Slope length is the sum of all the tape lengths in the cave. It is the distance that you move through the cave, both horizontally and vertically. 

Horizontal Length/Horizontal Excluded. This is the included and excluded horizontal length of all the surveys processed. Horizontal length is the length of the cave when it is flattened into a horizontal plane. Horizontal length includes no vertical component. 

Cave Depth. This is the absolute vertical distance between the highest and lowest points in the survey. It includes no horizontal movement. 

Surface Length. This is the distance between the western-most point in the cave and the eastern-most point in the cave. 

Surface Width. This is the distance between the southern-most point in the cave and the northern-most point in the cave. 

Surface Area. This is the surface area of the cave. It is derived by multiplying the Length and Width described above. 

Enclosed Volume. This is the volume of the rectangular prism that is bounded by the western, eastern, northern, southern, highest, and lowest points in the cave. 

Cave Volume. This statistic gives the volume of the cave surveys processed. It is based on the passage Left, Right, Up and Down dimensions. Surveys that are missing LRUD’s for part or all of the data will give inaccurate volume calculations. 

Volume Density. This is the percentage of the Enclosed Volume that is made of surveyed passages. It gives a rough calculation of the percentage of the rock volume that is taken up by cave passage. (Note: since this value is based on a rectangular Enclosed Volume, it can be distorted by the shape of the cave.) 

Average Diameter. This is the average diameter of the cave passages in the cave. It is a measure of the "tightness" of the passages. Since smaller passages are harder to traverse, it is also a measure of how hard it is to move through the cave. Surveys that are missing LRUD’s for part or all of the data will give inaccurate diameter calculations.

Wall Area. This item measures the total surface area of all the walls in all the passages. These values can be used for things like heat transfer calculations, estimation the area available as the habitat for animals, etc. Surveys that are missing LRUD’s for part or all of the data will give inaccurate diameter calculations.

Floor Area. This item measures the total surface area of floor of the cave. These values can be used to calculate things like water flow. Surveys that are missing LRUD’s for part or all of the data will give inaccurate diameter calculations.

Average Inclination. This is average inclination or steepness of the cave passages. Since steeper passages are also more difficult to traverse, it is also a measure of how hard it is to move through the cave. 

Difficulty. This statistic combines the effects of Passage Diameter and Passage Inclination to estimate the difficulty of moving through the cave. It is based on the fact that smaller or steeper passages are more difficult to move through. The maximum difficulty would be 100, but this would require a cave with all vertical passages and passage diameters under two feet. The most difficult cave in my data set has a difficulty of about 30. Surveys that are missing LRUD’s for part or all of the data will give inaccurate difficulty calculations. 

Highest Station, Lowest Station Etc. This gives the location and station name of the extreme points of all the surveys processed. This is essentially the north, south, east, west and vertical boundaries of the surveys. 

Furthest Station. This item displays the station that is the greatest distance from the entrance of the cave. This value is not the straight-line distance, but the distance required to walk through all the surveys to reach the station. The statistic is based on the route that was first used to get to the station. It ignores any more recently surveyed short cuts.

Average Shot Length. This is the average length of each shot in all the surveys. Caves with long, wide and straight passages have long average shot lengths. Caves with short, narrow and twisty passages have short average shot lengths. Only non-excluded, non-zero length shots are considered. 

Shortest Shot, Longest Shot. This gives the length of the longest and shortest shots in the cave. Only non-excluded, non-zero length shots are considered. 

Closure Errors

xe "Closure Error Statistics"

xe "Statistics"

xe "Statistics\\: Closure Errors"
This item displays all of the closures and closure errors for the last file processed. The display lists the closing shot and error information for that shot. The error information is listed several different ways: 

Closure Errors: 

======================================================================= 

Closing Shot: GYQ3 -> GUG8B 

Loop Length:     303.90ft 

Shot Count:  14 

----------------------------------------------------------------------- 

                   north    east   vert.  vect2D  vect3D    %2D    %3D 

----------------------------------------------------------------------- 

Error Values:    -0.08ft -1.86ft -2.89ft  1.86ft  3.44ft  0.61%   1.13% 

Expected Values:  1.78ft  2.58ft  2.75ft  3.14ft  4.17ft  1.03%   1.37% 

Standard Dev.:    0.05    0.72    1.05    0.45    1.10 

Error Per Shot:  -0.01ft -0.13ft -0.21ft  0.13ft  0.25ft 

Here is a detailed description of each data item:

Closing Shot. The first item gives the station names for the closing shot. This is a simple way of identifying each individual loop. If you want a list of all the stations in the loop, click on the "Loop Stations" radio button. 

Length. This gives the total length of all the shots in the loop. 

Shot Count. This gives the total number of shots in the loop. 

North, East, & Vertical. These numbers show the size of the error in three dimensions. For example, if you have a 10-foot north error, it means that the closure is off by 10 feet in the north direction. 

Vector2d/Vector3d. These errors represent the straight-line length of an error. In essence, it is a single number that gives an indication of the overall error of the loop. The Vector2D shows the combined effect for the north and east errors. The Vector3D shows the combined effect for the north, east and vertical errors. The 2D error is useful for seeing the effects of the compass and tape errors alone or, for certain caves, where there are problems with the inclinations. 

Percent (%2D, %3D). Percent error is the amount of error compared with the size of the loop. It is derived by dividing the error by the loop length. This gives a measure of the quality of the loop. It is not the best measure of loop quality, but many people are used to it. The display shows two different percentages, one labeled 2D and the other labeled 3D. The 2D shows the error based on the north and east errors, omitting the vertical component. The 3D version shows the errors based on the north, east and vertical errors. The 2D error is useful for seeing the effects of the compass and tape errors alone or, for certain caves, where there are problems with the inclinations. 

Predicted Error And Standard Deviation. Each error is displayed on three different lines. The first line lists the actual errors. The second line shows the predicted errors. The last line displays the ratio of the predicted errors to the actual errors. The ratio of predicted errors to actual error gives the number of Standard Deviations the loop varies from the expected value. Small numbers indicate that the loop closely matches the expected error level. Large numbers indicate that the error level is greater than the predicted level, and indicate a problem with the loop. In simple terms, here's what the numbers mean: 

Between 0 and 1: If the value is between 0 and 1, the loop is of very high quality and probably does not have any blunders or systematic errors. 

Between 1 and 2: If the value is between 1 and 2, the loop is still probably good, but there is a greater chance the errors are caused by blunders. 

Between 2 and 3: If the value is between 2 and 3, there is a high probability the loop is blundered. However, there is still a very small chance the random errors in a good loop have accumulated in a way that gives a high error even though the loop is okay.

Greater than 3. If the value is greater than 3, the loop is almost certainly blundered. There is less than one chance in 1000 that the loop is good.

The predicted error value for the loop is controlled by the uncertainty value of the compass, tape and inclinometer. You can set these values to match the kind of survey instruments you are using. 

Error Per Shot. This item gives the average amount of error in each shot. This gives a clearer impression of how large the error is relative to single shot. For example, a 10-foot or 3-meter error would obviously be a very large error per shot. 

placeLoop Stations

xe "Loop Stations"

xe "Statistics"

xe "Statistics\\: placeLoop Stations"
This item displays a list all of the stations in each loop. This is useful for tracing which shots form the loop. If you are processing multiple linked files, only loops processed in the last file will be displayed. The loops are displayed in a slightly unusual format. It consists of four parts: a Closing Shot, two Strings of Shots and a Common Point:

1. Closing Shot. This is the last shot in the loop. It is the shot that connected both sides of the loop and closed the loop.

2. Two Strings of Shots. These are the series of shots that form the sides of the loop. They are connected together with the closing shot.

3. Common Point. This is the station where the Two Strings of Shots come together. It the point that both sides of the loop have in common.

As an example, look at the following loop:

[image: image11] 

The Closing Shot is between A12 and A7. One String consists of A8, A9, A10, and A12. The other String consists of A4, A5, and A6. The Common Coint is A3. The program would display the loop stations this way.

CLOSURE IS BETWEEN: A12-A7 

        A7,A6,A5,A4,A3 

        COMMON point: A3 

        A12,A11,A10,A9,A8,A3 

Here are some other examples: 

STATIONS WITHIN LOOPS: 

========================================== 

CLOSURE IS BETWEEN: CSU37-CSU42 

        CSU37 

        COMMON point: CSU37 

        CSU42,CSU41,CSU40,CSU38,CSU37 

CLOSURE IS BETWEEN: CSU58-CSU55 

        CSU58,CSU57,CSU56,CSU54 

        COMMON point: CSU54 

        CSU55,CSU54 

CLOSURE IS BETWEEN: CSA13-CSA1 

        CSA13,CSA12,CSA11,CSA10,CSA9,CSA8,

        CSA7,CSA6,CSA5,CSA4,CSA3,CSA2,CSA1 

        COMMON point: CSA1 

        CSA1

Station Coordinates

xe "Station Coordinates"

xe "Statistics"

xe "Statistics\\: Station Coordinates"
This item displays the coordinates of each station in the cave. It is sometimes used for map drawing or measuring the distance between two passages in a cave. If you are processing multiple linked files, it only stations processed in the last file.

The display lists each station and the coordinates for that station relative to the origin of the cave. The coordinates can be in either feet or meters; and they represent the distance north of the origin, east of the origin or vertical from the origin. Negative numbers indicate west, south or below the origin. The Parent is the station that connects the specified station to the rest of the cave. Finally, the “To Entrance” values is the distance from the station to the entrance of the cave. This value is not the straight-line distance, but the distance required to walk through all the surveys to reach the station. The statistic is based on the route that was first used to get to the station. It ignores any more recently surveyed short cuts. Here is an example: 

STATION COORDINATES: 

Index  Station   Parent  east  north  vertical to entrance

==========================================================

0           A1      Ent   0.0     0.0    0.0 ft     0.0 ft

1           A2       A1  17.1     8.5  -10.2 ft    21.7 ft

2           A3       A2  23.2    30.4  -17.1 ft    45.5 ft

3           A4       A3  12.3    37.5  -20.2 ft    58.8 ft

4           A5       A4  22.9    46.0  -23.6 ft    72.8 ft

5           A6       A5  54.3    37.3  -28.2 ft   105.7 ft

6           A7       A6  70.7    26.7  -20.3 ft   126.8 ft

7           A8       A6  85.6    45.1  -21.9 ft   138.6 ft

8           A9       A8  90.8    63.5  -20.6 ft   157.8 ft

9          A10       A9  71.2    65.8  -33.7 ft   181.5 ft

10         A11      A10  71.7    74.6  -36.2 ft   190.8 ft

Excluded Stations

xe "Excluded Stations"

xe "Stations"

xe "Stations\\: Excluded"
This item displays a list of all stations that have been excluded. An excluded station result because the shot that defines it has been excluded using the X-flag. Station names can appear on both the “included” and “excluded” list because the station may be defined by one shot that is include and one that is excluded. The list of excluded station is not effected by multiple linked files, because the Compiler does not need to clear the list between files.

Here is an example: 

Excluded Stations

===============================================

0                 C62

1                 CE1

2                 CE2

3                 CE9

4                 CF1

5                 CF2

6                 CF3

7                 CF4

8                 CF5

9                CH12

Suspended Stations

xe "Suspended Stations"

xe "Statistics"

xe "Statistics\\: Suspended Stations"
This item lists all the shots that had to be suspended while processing the survey file. The program prints the parent station for each suspended station in the shot. This is useful for determining how to rearrange shots and surveys so that there will be fewer suspended shots. 

This is example of the suspended station printout: 

SUSPENDED STATIONS: 

Index From  Parent   To  Parent Connected 

==========================================

0      DG1     DG2  DG2     DG3       Yes 

1      DG2     DG3  DG3     DG4       Yes 

2      DG3     DG4  DG4     DG5       Yes 

3      DG4     DG5  DG5    DG17       Yes 

4      DG5     DG6 DG17     DG5       Yes 

5      DG6     DG7  DG5     DG6       Yes  

Survey Information

xe "Survey Information"
This option prints detailed information about each survey in the cave. Here is a description of each item:

1. Index. This is the number of the survey. Surveys are assigned numbers according to the order in which the surveys appear in the survey file.

2. Name. This is the name of the survey.

3. Total Length. This is the length of all shots in the survey, including both excluded and included shots.

4. Total Shots. This is the number of shots in the survey, including both excluded and included shots.

5. Included Length. This is the length of all shots in the survey that have not been totally excluded or excluded from Length measurements.

6. Included Shots. This is the number of shots in the survey that have not been totally excluded or excluded from Length measurements.

7. Excluded Length. This is the length of all shots in the survey that have been totally excluded or excluded from Length measurements.

8. Excluded Shots. This is the number of shots in the survey that have been totally excluded or excluded from Length measurements.

9. Average Shot Length. This is the average length of all shots in the survey.

Here is a sample of the survey information printout: 

Surveys:

==========================================================================

                   Total         Included        Excluded

Index  Survey     Length Shots     Length Shots    Length Shots  Ave. Len.

==========================================================================

0         CSU  1465.0 ft    68  1465.0 ft   68     0.0 ft    0     21.5 ft

1         CSA   506.7 ft    29   506.7 ft   29     0.0 ft    0     17.5 ft

2         CSB   386.5 ft    16   386.5 ft   16     0.0 ft    0     24.2 ft

3           A   289.0 ft    13   289.0 ft   13     0.0 ft    0     22.2 ft

4          AA    61.7 ft     4    61.7 ft    4     0.0 ft    0     15.4 ft

Sorted Surveys

xe "Sorted Surveys"
This option displays a list of all the survey names in the cave in alphabetical order. The survey names are taken from the "Survey Name" field in the survey header. If you have merged several separate surveys into a single COMPASS survey, the individual surveys will not appear in the list. For this reason, you should make sure that every cave survey is placed in a separate COMPASS survey. 

Custom Export

xe "Custom Export"

xe "Statistics"

xe "Statistics\\: Custom Export"

xe "Export"

xe "Export\\: Custom"
This option displays a list of customizable shot and station data suitable for export to databases and spreadsheets. The option selectively displays a list of all stations and shots in the cave. You have the ability to control the delimiter and header and this allows you to customize the list so it can be imported by virtually any database. For example, most databases can import “coma delimited” data. Once you have created a list that meets your requirements, you can export it to a file or the clipboard.
Selecting the “Custom Export” page in the left-hand panel allows you to control which items will be exported. Here is a detailed description of each item:

1. Index. Enabling this item places an index number in the list. Since Compass stores station information in the order in which is was found in the survey file, the index represents the position in the survey file.

2. Include Headers. Enabling this item places a descriptive header as the first line in the data. Each item in the header describes the corresponding column or field in the data. Some databases can use this data to construct field names. The names include no spaces, so they can even be used with databases that don’t allow spaces in their field names.

3. Include Closures. Because of the way Compass stores the processed survey data, the shots that close loops are treated separately from ordinary shots. As a result, Compass can display the the loop-closing shots separately. Enabling this item will cause the list of closing shots to be added to the end of the list.

4. From Station Name/ To Station Name. Enabling either of these items causes the corresponding station name to be included in the list.

5. From/To North, East, Vertical. Enabling any of these items puts the corresponding station location information in the list.

6. Measurements – Azimuth, Length Inclination. Enabling any of these items puts the corresponding station location information in the list. Note these are calculated values and not the original values entered in the survey book. If you are working with data whose loops have been closed, the shot values may be significantly different from the original. Also, some shot may be reversed from the original values entered in the survey book because of optimization performed during processing. 

7. Delimiter. Many programs use a particular character to separate data items. This is often called a “Delimiter.”  The Export feature allows you to select either a Tab or a Coma as the delimiter. Many database can read “Coma-Delimited” text. Spreadsheets like Excel expect to see “Tab-Delimited” text.

8. Digits. This item controls the number of digits past the decimal point for numerical items.

Note: if to produce a list of unique stations in the cave, select the “To” option only and disable the Closure Shot option. 

Station Sequences

xe "Station Sequences"

xe "Sequences"

xe "Sequences\\: Station"
If you are managing the data for a large cave system, keeping track of which station names have been used and which are free can be daunting. This option displays a list of stations that have been organized into sequences that make it easy to see which station name have been used and which are available.

Sequences. Most survey station are composed of sequences of letter or numbers. For example, “A1, A2, A3, A4” would be a typical station sequence. COMPASS would display this sequence as “A(1-4)”. The program can also show alphabetical sequences like “A2(a-f)”. (Thanks to Peter Bosted for the idea and the basic algorithm.)

Excluded Sequences. Stations that have been excluded from process by using the X flag are displayed at the end of the list in a separate section.

Here is a sample list of station sequences:

Station Sequences:

=========================================================

Page: 1 

A(10-26)Red   CB16(A-G)  CHA(1-33)   CT(1-6)   EBAA(1-3)

A(1-14)       CBA(1-5)   CHA1(A-F)   D(1-31)   EBB(1-7)

A(15-26)Blue  CBR(1-5)   CHA20(A-D)  D15a      EBB3A

A(17-23)      CBS(1-7)   CHA25(A-G)  D19(A-E)  EBC(1-8)

A(28-32)Blue  CBT(1-6)   CHA29(A-B)  D20R      EC(1-42)

A(28-32)Red   CBZ(1-5)   CHA3(A-D)   D20X      EC(38-39)B

A(34-36)Blue  CBZ1A      CHA5(A-D)   D28a      EC(38-39)B1

A(34-36)Red   cc(1-4)    CHA7A       D5a       EC(38-39)B2 

The Data Summary

xe "Statistics Summary"
This is a summary of data about the cave from the perspective of the Loop Closure. It applies to all the files that have been processed. The following example illustrates a typical data summary.

DATA SUMMARY for: E:FULFORD.DAT 

========================================================== 

Number Of Files =        1 

Number Of Surveys =     29      Number Of Shots =   273 

Closeable Shots =      273      Excluded Shots =      0 

Number Of Loops =       14      Uncloseable Loops =   0 

Zero Length Loops =      0 

-----------------------------------------------------------  

There are eight items in the data. Here is a description of each item: 

Number Of Files. This is number of files that were processed to produce the statistics and the closed data files. It does not count the project file itself, but it does include all the files included in the project file. 

Number Of Surveys. This is the number of distinct surveys processed. Only surveys with separate header information counted. If you have merged surveys together and eliminated the survey header information, it will only count as a single survey.

Number Of Shots. This is the number of shots that have been processed. 

Closeable Shots. This is the number of shots that could be closed. In other words, this is the number of shots that have not been excluded from closing or that are not zero length shots. 

Excluded Shots. This is the number of shots that have been excluded from the loop closing process. 

Number Of Loops. This is total number of distinct loops as defined by the COMPASS loop closure algorithm. They are not minimal loops, but the loops that are defined by the natural survey order process. 

Uncloseable Loops. This is the number of loops that cannot be closed because it consists entirely of excluded shots or zero length shots. 

Zero Length Loops. This is number of loops where the length of the loop is zero. Zero length loops usually result from an error in the survey process.

Shot Information

xe "Shot Information"

xe "Statistics"

xe "Statistics\\: Shot Information"
This information shows how each shot was used in the closure process. It is divided into two sections. The first shows each individual station in the cave and the second shows the individual shots that close each loop. The information includes a pointer to the parent of each station which defines the ‘from’ station that defines the shot. It also has a flag that indicates how each station was used in the closure process. Station can have four statuses: Unclosed, Closed, Excluded and Unknown. Here is a description of each: 

Unclosed - The station was not in a loop and did not participate in the closure process. 

Closed - The station was in a loop and was adjusted by the closure process. 

Excluded - The station was excluded from the closure process by setting the exclusion flag in the cave editor. 

Fixed - This indicates that the station is tied to a fixed geographic location and as a result, will not be moved by the loop closer. 

??? - This indicates an internal error and is probably the result of bug. Please contact the author of the software. 

Here is a sample station list: 

Station Information: 

Index   Station Parent   Len    Azm   Dip  Status 

=========================================================== 

0    -       A1    -1   0.0ft   0.0   0.0 UnClosed ($0000) 

1    -       A2     0  22.0ft  65.5 -28.2 Closed   ($0001) 

2    -       A3     1  23.4ft  17.1 -17.8 Closed   ($0001) 

3    -       A4     2  13.3ft 303.0 -13.5 UnClosed ($0000) 

4    -       A5     3  14.0ft  51.0 -14.0 UnClosed ($0000) 

5    -       A6     4  32.9ft 105.5  -8.0 UnClosed ($0000) 

6    -       A7     5  20.9ft 122.6  21.3 Closed   ($0001) 

7    -       A8     5  32.9ft  76.4  11.9 Closed   ($0001) 

8    -       A9     7  19.1ft  16.1   4.9 Excluded ($0001)

Closure Information

xe "Closure Information"

xe "Statistics"

xe "Statistics\\: Closure Information"
This option gives detailed information about each loop that was closed. Here is a sample listing: 

Closure Information: 

============================================================= 

Index: 0  Station One: 15  Station Two: 21  Common: 12 

Loop Length:    48.9ft 

Residual Error - North: 0.0000ft East: 0.0000ft Vert.: 0.0000ft 

Loop Status: Closed   ($0001) 

Closure Is Between: A16-A22 

        A16,A15,A14,A13 

        Common point: A13 


A22,A21,A20,A19,A18,A17,A13 

------------------------------------------------------------- 

Indexes. The first line displays index information. An index is just the number the program uses to locate each shot and loop in the survey. These numbers are not very useful for the user. They are mostly used for testing and debugging purposes. The list displays the index of the loop, the closing shot and the common station for the loop. 

Loop Length and Residual Error. The next part of the listing displays the loop length and residual error after closing. This should always be zero unless the loop was uncloseable. This can occur when all of the shots in a loop are either excluded or a part of a loop that has already been closed. 

Loop Status. The next part shows the status of the loop. This indicates how the program handled the loop. There are three ways the program can handle a loop: Closed, Uncloseable, and Zero Length. Here is a description of each: 

Closed - Indicates that the program adjusted the loop to near zero error. 

Uncloseable  - Indicates that the program was unable to close the loop. This occurs when all of the shots in a loop are either excluded or part of a loop that has already been closed. 

Zero Length  - This is an error condition where all the shots in the loop total zero length.  

Loop Stations. The final part of the data shows the stations in the closing shot, the stations around both branches of the loop and the common point.

LOCATING BLUNDERS AND GROSS ERRORS

xe "Blunders and Gross Errors"

xe "Errors"

xe "Errors\\:Blunders and Gross Errors"
COMPASS has the ability to help you locate blunder and gross errors in your survey data. It does this by intensely analyzing the type and configuration of errors in survey loops. In many cases, it can pinpoint the exact shot and measurement that is the blunder. You can begin analyzing blunders by selecting the "View|Find Blunders" option from the menu bar.

The blunder detection software uses information gathered by the Compiler to analyze and locate blunders. For this reason, before you can view statistics, you must process your cave data. You can do this in several ways. If you have used the “Process and View” button to view the cave, the information may have already been generated. However, depending on how the options have been set, COMPASS may be working from files on disk and so the information will not be available. If this is the case, you can use the Process button in the Blunder Window to generate statistics. You can also access this option of by selecting the Run|Process Only option from the menu bar.

Which Files Blunder Info Applies To. The Compiler and Loop Closer only operate on the files you have selected in the survey tree. As a consequence, the blunder data you see will depend upon which files have been highlighted in the tree. If an individual survey data file was highlighted when you processed the data, only the blunder data for that file will be available. On the other hand, if the survey project was highlighted, blunder data for all files in the project will be available. Remember that linking causes the program to purge certain information as the files are processed. Thus, if you are linking, the blunder information may be incomplete.

Compiling vs. Closing. When you compile and close the data normally, the Compiler will be using closed data files and thus loop errors will be masked. This can be useful if you want to verify that the Loop Closer is truly closing the cave. However, it you want to analyze loop errors or look for blunders, you must be certain that the Compiler doesn’t use closed data files.

The Blunder Window. The Blunder Window consists of four pages, each of which performs part of the Blunder Location task. Here is list of Blunder Location pages and additional information:

	Blunder Window Pages
	Additional Information

	Locating Blundered Loops 

Locating Blundered Shots. 

Verifying With Intersects. 

Locating Bad Tie-Ins
	Finding Blunders Step-by-step
Hints For Locating Blunders 

Difficult Cases 

Printing and Saving Blunder Information 

Testing the Blunder Program 

Understanding Survey Errors


Locating Loops With Blundered Shots

xe "Locating Loops With Blundered Shots"

xe "Blunders"

xe "Blunders\\: Loops"
The first page in the Blunder Location Window allows you locate loops that may have a blunder in them. The page shows you detailed information about each loop in the cave. The display makes it easy to separate good surveys from blundered surveys. The page is divided into three sections:

1. Overall Quality 

2. Loop List 

3. Loop Search 

Overall Survey Quality

xe "Overall Survey Quality"

xe "Quality"

xe "Quality\\: Overall"
The top of the page displays a summary of the overall quality of the loops in the cave. First, it displays the number of loops that fall in the good, okay and bad Standard Deviation ranges. It also displays the average Standard Deviation value for all the loops in the cave. These numbers give you an indication of the overall quality of the loops in the cave. 

The placeLoop List

xe "placeLoop List"
The center section displays a list of the loops in the cave. Only a few loops are shown, but you can view additional loops by scrolling the display. The information in the list has three sections: the Closing Shot, Relative Error Levels and Overall Loop Quality. 

1. Closing Shot. The first item on each line shows the closing shot of the each loop. Basically, the closing shot is the shot that actually closed the loop and it is used to identify and distinguish different loops. 

2. Relative Error Levels. The second item shows a numerical evaluation of the relative error values for each loop. There are four numbers displayed: East, North, Vertical and Vector. Each gives an evaluation of a different aspect of the loop errors. For example, the East value gives an evaluation of the quality of the east/west part of the loop error. The Vector value combines the north, east and vertical parts into one number and gives an overall indication of the loop error level. 

These numbers indicate how closely the errors match the predicted error level for the loop. Small numbers in the range of 0 to 2 indicate that the loop closely matches the expected error level. Large numbers greater than 3, indicate that the error level is significantly greater than the predicted level and indicate a problem with the loop. (In mathematical terms, these numbers represent the number of standard deviations these numbers vary from the predicted norm.)

The numbers are also color-coded to make it is easier pick out the good and bad values. Values between zero and one are colored green. Values between one and two are color coded yellow. Values greater than two are color-coded red. 

3. Loop Quality. The loop quality column summarizes the overall quality of the loop. It uses the vector value and judges the loop to be "Good" if the value is between zero and one. It judges the loop "Okay" if the value is between one and two. It judges the loop to be "Bad" if the value is greater than two. 

Searching For Loops

xe "Searching For Loops"

xe "Loops"

xe "Loops\\: Search For"
You can locate individual loops in the Loop List using several different techniques. To search, select one of the options from the "Find What" radio buttons and then press the "Search" button. Here is an explanation of each type of search: 

1. Worst Loop. This option searches through all the loops and finds the one with the worst Standard Deviation. 

2. Next Worst Loop. This option searches through all the loops and finds the worst loop that is less bad than the currently highlighted loop. This allows you find the worst blunders in sequence and focus on fixing the worst problems first.

3. Next Bad. This option searches forward through the list for the next loop that is rated two standard deviations or worse. 

4. Station. This option searches for a loop that contains the station specified in the "From Station" box. This search can be repeated so it will find multiple loops that contain the specified station. 

5. Shot. This option searches for a loop that contains the shot specified in the "From Station" and "To Station" boxes. This search can be repeated so it will find multiple loops that contain the specified station. 

6. Closing Shot. COMPASS keeps track of loops based on the "Closing Shot." This is the shot that first closes a loop and makes it a complete circle. This option searches for a loop that contains the closing shot specified in the "From Station" and "To Station" boxes. 

Locating Blundered Shots

xe "Locating Blundered Shots"

xe "Blunders"

xe "Blunders\\: Shots"
Once you find a loop with a large error, you can have the program analyze each shot in the loop, looking for the precise location of a blunder. To do this, click on the "Find Blundered Shot" button. The program will switch to the “Find Blundered Shot” page and display the most likely candidates for blunders.

[image: image12]
Find Blundered Shot Page. This page displays a list of the best candidates for blundered shots. The program looks for blunders by adjusting, one at a time, every single measurement in the loop. It keeps track of which adjustments do the best job of fixing the error. The ten best fixes are displayed. Here is a detailed description of each item displayed on the page: 

1. Shots Around The Loop. At the top of the screen, the program lists all the shots that form the loop. This allows you go to the COMPASS Editor and inspect each shot in the loop looking for errors.

2. Error Summary. The next section lists the error vector, the predicted error value and the number of standard deviations this error represents. 

3. Most Likely Fixes. The bottom section lists the best candidates for blunders. Again, the program looks at every measurement in the loop and does a test adjustment, trying to reduce the final error in the loop. Some of these adjustments will reduce the error a lot and some won’t reduce the error very much. If the test adjustment reduces the error a lot, there is a chance that there is an error in that particular measurement. Thus, the program lists all the adjustments that produced best results. These will be the most likely candidates for blunders. This list displays several items that help you select the best candidates for blunders: 

A. From-To. These items shows the "From" and "To" station of the shot that is being tested. Note: the From and To station of a shot may be in the reverse order from the way it was entered in the survey book. This is caused by the way the program processes the data. In other words, the shot A1 to A2 is the same as shot A2 to A1. 

B. Measurement. This item indicates which measurement; (azimuth, length or inclination) was adjusted for this shot. This allows you to zero in on both the shot and the exact measurement that maybe causing the problem. 

 C. Change. Each measurement in the loop is adjusted and, as a consequence, the loop error will be improved by a certain amount. This item shows the amount of change that was applied to this measurement to obtain the improvement. If you were to go back to the raw data and adjust the measurement by this amount, the loop error would improve. The sign (+/-) indicates which direction the change was made. Note: Because of the fact that the program may reverse the shot in order to evaluate it, the sign may be the opposite of what you expect. See item "A" above. 

 D. New Error Vector. This item shows the size of the loop error after the test adjustment has been made. The error is a composite of the north, east and vertical aspects of the error. The smaller this number is the better the improvement.

E. New Deviation. This item shows the new standard deviation that results from the adjustment. Standard deviation is used because it is the most accurate way of measuring loop quality. If this particular measurement is a blunder, the improvement should result in a new standard deviation that is much better than unadjusted deviation. 

F. Improvement. This is the ratio of old error to new error. The larger the improvement ratio, the more likely the measurement is blundered.

G. Azm, Len, and Inc. These are the original Azimuth, Length and Inclination for the shot. These are useful isolating which shots are blundered. For example, let's say the program suggests that a 10-degree inclination adjustment on a shot will close the loop. This means that simply changing the sign on a 5-degree inclination would fix the error. If the shot has a 5-degree inclination, it is a very likely candidate to be blundered. 

 (Note that since the shot maybe reversed by the processing, the azimuth and inclination may be reversed. Also, if fore- and back-sights are used, the values presented here will be the average of both measurements.) 

Example. Blunders show up as very large improvements in the error and standard deviations. The example above is a real survey loop that has 25 shots and is 739 feet long (225m.). I deliberately introduced a ten-foot blunder in the length of shot C10-C9. As you can see, this blunder shows up as 6.1 times improvement in the quality of the loop closure.

You will also notice that other nearby shots show up as likely blunders. This is because they have roughly the same orientation as the actual blunder. Even in situations where you have several good candidates for blunder, you still have narrowed the choices down to a few shots. When you have multiple candidates like this, you can use the Intersect option to help you zero-in on the actual shot. You will also notice that most of the candidates are length measurements. This helps verify that the error is probably a length error.

Station Order. The station-order for shots specified in the blunder list may not match the station order when it was entered in the editor. Internally, the program may need to reverse the order of backsights and other shots in order to analyze them correctly. To maintain external consistency, the program sorts shots into alphabetical order. For example, a backsight may have been entered as A2 -> A1, but because the shot is converted to alphabetical order, it will be listed as A1 -> A2. Also, for the same reason, adjustment values may have the sign value reversed. 

Loop Flaws and Math Errors.  Occasionally, the program will encounter a survey that makes no sense. For example, having a loop in which all the shot-lengths are zero is an impossible loop. In these situations, the program may have trouble processing the data. For example, it may execute an illegal mathematical operation like divide by zero. If the program encounters a loop with illegal shots, it will display an error message. When you see this error message, it indicates that this particular loop has a bigger problem than just a blunder. It usually indicates things like duplicate shots with different data or two shot loops in which one shot is zero length. 

Non-Valid Numbers. The math routines and numeric coprocessor available on most PC’s is capable of handling a non-valid number like infinity. Sometimes the values derived from flawed loops will generate these kinds of numbers. When this happens, the program will display the letters NAN that stands for "Not A Number." For example: 

   C22    C23    Length   9.08 Ft.     4.13     NAN   NAN 

When you see NAN values in the blunder detection routines, it indicates severe loop flaws.

Locating Intersects
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When you are looking for blunders, there are often several shots that are good candidates for blunders. The "Intersect" method is a way to help you zero in on the exact shot that has caused the blunder. It works like this: if you have a blundered shot that is part of two loops, then it should show up as a good blunder candidate in both loops. If the shot shows as a good blunder candidate in one, but not in the other, it is very unlikely that the shot is a blunder. When a blunder shows up as a good candidate in two loops, this is called an "intersect." The more loops that appear to be blundered by a particular shot, the more likely that shot is the blunder.

When you use the Find Blundered Shot option COMPASS automatically looks at all other loops in the cave to see if any of the shots in the current loop also appear in other loops. It then analyzes these loops to see if it is a blunder candidate in those loops. To view a list of “Intersect,” simply select the “Multi-Loop Intersects” page. 

The program displays a list of each intersect and detailed information about the intersect. Here is a description of each item: 

1. From-To. As before, these two items specify the closing shot of the loop. 

2. Intersects - All. This item displays a count of all the loops that this shot appears in. This is maximum number of intersects possible. If this number is zero, the shot does not appear in any other loops and you cannot tell one way or the other whether the shot is a good candidate.

3. Intersects - Blunder. This item displays a count of all the loops where this shot appears as a blunder. This number can be anything from zero to up to the total number of intersects. The larger the number, the more likely the shot is the actual blunder. The most likely blunder candidates will appear to be blundered in most of the loops they are a part of.

4. Individual Intersect Items. This section analyzes the individual measurements in a potentially blundered shot and show which measurements appear to be blundered in other loops. The item shows compass, tape and inclination and the number of times each appears blundered. The total of these numbers can be greater than the number of blunder intersects, because a single shot can have more than one measurement that appears to be blundered. For example, a single shot could appear to have the compass, tape and inclination blundered.

Locating Bad Tie-Ins
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Another common type of surveying blunder is a "bad tie-in." Bad tie-ins occur when a shot is tied to the wrong station. This can occur if you write the wrong station name in the survey book, if the station tag in the cave is mislabeled or moved or if the survey is renamed. Connecting a shot to the wrong station can cause very large survey errors. 

The blunder detecting routines in COMPASS can help you locate bad tie-ins. The routine works by breaking a single shot in the loop. This allows the station at the break to move to its natural location. If there is bad tie-in, this point will move back near the proper connecting station. COMPASS breaks the loop at each station and tests to see if the point has moved close to another station in the cave. It then retests the loop to see if the loop error has improved. Finally, the program records the best improvement in a list. 

COMPASS analyzes Tie-ins whenever you Analyze A Loop for blunders. You can access tie-in information by selecting the "Bad Tie-Ins” page in the Blunder dialog box. 

The page shows a list of the best tie-ins for the loop. Here is a description of each column:

1. From. This item shows the original “From” station of the tying shot. 

2. Old Tie. This item shows the station that was the original connection.

3. New Tie. This item shows the new connecting station that improved the loop error.

4. New Error. This item shows what the new error would be if the new connection were used.

5. New STD. This column shows the new deviation from the predicted error level for this loop.

6. Improv. The final column shows the ratio of improvement for this connection. 

If the new connection is the correct, it should dramatically improve the error in the loop. For this reason, COMPASS lists the 25 best fixes so you can examine the best candidates.

What To Look For. One of the most common causes of mis-ties are typos that occur while the data is being recorded or entered into the computer. For example, here are some real-world examples taken from Lechuguilla Cave data:

  OLD TIE    NEW TIE    OLD ERROR    NEW ERROR

       K6       K6!    174.64 ft.      6.19 ft.

   ECKJ11   ECKJ'11    152.78 ft.      1.75 ft.

     BNM4      DNM4    127.52 ft.      3.44 ft.

    EY52a     EY52A     87.47 ft.      5.39 ft.

As you can see, mis-ties often occur because of small difference between station names. 

If you see indications of a bad tie-in, carefully check the survey book to see that the shot has been correctly entered. You also may have to do an in-cave check to make sure that station haven't been moved or mislabeled. 

Details of Finding Blunders
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In the following sections, we walk through the process of locating blunders with some real-world cave data.

[image: image13]
1. Locating Bad Loops. The first image shows loops in Groaning Cave and we have selected a loop with a relatively large error of more than five standard deviations from the prediction. Once the loop is highlighted, we press the “Analyze Loop” button.

[image: image14]
2. Blunder Candidates. The display will now shift to the second page and we will see a list of the best blunder candidates. You will notice that the majority of the best candidates show up as azimuth errors. Also, the first three candidates improve the standard deviation to less than two. Now the task is to ascertain which measurement is actually blundered.

[image: image15]
3. Analyzing Intersects. The final step is to select the “Multi-Loop Intersect” page. You will notice that the second and third items in the example appear in five other loops and appear to be blundered in four of those loops. Those four blunders also show up as azimuth errors, which matches the majority of our blunder candidates. Finally, the shot GY1 to GY2 has an adjustment very close to 45 degrees which is the kind of error you might see from misreading certain compasses.

Hints For Locating Blunders
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The blunder detection routines often have several good candidates. This can make it difficult to isolate the specific measurement that has caused the blunder. In these situations, it helps to have more insight into the finding process. Here are some of the most important issues: 

1. Blunder Sensitivity. Blunder location works best where the quality of the rest of the loop is high. On the other hand, if the survey is sloppy, the problem will be difficult to pinpoint. This is because the normal random errors in the loop overwhelm the effects of the blunder. From my experiments, if the loop has a standard deviation of around one, a 10-foot blunder is required before the problem will be visible. The following table shows the sensitivity level vs. error level: 

  Unblundered   Length       Azimuth       Inclination 

  Error Level   Sensitivity  Sensitivity   Sensitivity 

   0 - .3 STD   1 Foot       1 Degree      1 Degree 

  .3 -  1 STD   5 Feet       5 Degrees     5 Degrees 

     >  1 STD   >10 Feet     >10 Degrees   >10 Degrees  

2. Large Blunders vs. Small Blunders. Large blunders are usually easier to detect than small ones. However, this can be tricky. For example, a 180-degree error may seem large, but if it is on .5 foot shot, the resulting error is less than a foot. 

3. Multiple Blunders. If you have two or more blunders in a loop, individual blunders will be very difficult to detect. Two blunders on the same shot are almost impossible to isolate. If there are two blunders on different shots, one blunder tends to dominate and obscure the other. This sometimes make it possible to fix one and then locate the other.

4. Unique Signatures. The more unique the blunder is, the more likely it will be isolated. For example, let’s say you have a blunder on a shot with a compass reading of 180 degrees. In addition, let’s say that there are no other shots that come to within 45 degrees of the blunder. This blunder will be so unique that it can be isolated even in a relatively low quality loop. On the other hand, if you have many shots with a similar azimuth, random errors in the rest of the loop can cause the program to select several shot as the possible blunder shot. If you see several candidates with the similar "Change" values and similar improvement ratios, it may indicate that the blunder is not unique enough to be isolated. You can, however, narrow it down to a few candidates. 

5. Blunder location works better on small loops. As the loop grows longer, random errors make a larger contribution to the error. Eventually, the accumulation of random errors becomes large enough so that the effect of the blunder is lost.

Difficult Blunder Cases
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In some instances, it is difficult to isolate the specific measurement that has caused the blunder. For example, you may have a loop with a large error; but when you analyze it, no one measurement stands out as a good candidate for the blunder. Nevertheless, even though you cannot narrow your candidates down to a single shot, you can still narrow it down to a hand full of shots. Here are some things you can do to help narrow the candidates: 

1. Large Errors. Focus on loops that have errors greater than one standard deviation. 

2. Large Improvements. Look for "Changes" that cause high ratios of improvement. 

3. Similar Measurements. Look for situations where there are similar changes to the same measurement over several shots. For example, if you see four shots with 10-foot changes to the length, chances are very good that there is a 10-foot error in one of those shots. 

4. Similar Types Of Measurements. Look for situations where most of the changes are to the same type of measurement. For example, if all the changes are to the azimuth measurement, then it is very likely that there is a blunder in the azimuth. 

5. Shared Shots.  Look for situations where two or more loops share the same shot. You can do this using the intersect option. If two or more loops indicate a blunder on the same shot and measurement, chances are very good that a blunder exists in that shot.

Printing and Saving Blunder Information
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You can print or save to disk the currently displayed blunder information. Simply click the mouse cursor on the "Print" or "File" button at the bottom of the "Locate Blunders" dialog box.

Testing The Blunder Features
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To help you understand the blunder location process, I have included a data file that contains a known blunder. The file is called "BLNDTEST.DAT" and it comes with example files that are installed with COMPASS for DOS. It contains a single loop that is about 800 feet long and has 30 shots. This was a very high quality loop before the blunder was added. The error before the blunder was about .25 standard deviations. The blunder pushed the error level to 1.17 standard deviations. As you will see, the blunder is a 10-foot length error in shot C9 to C10.

UNDERSTANDING SURVEY ERRORS AND STANDARD DEVIATION
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One of the most important things the compiler does is to calculate loop errors. Loop errors allow you evaluate the overall quality of a survey. They also allow you locate blundered shots. As a result, it is very useful to understand some of the concepts around survey errors. Here are some of the main topics you need to understand:

	Random Errors. 

Systematic Errors. 

Gross Errors or Blunders. 

The Accumulation of Survey Errors. 
	Locating Bad Loops. 

Blunder Signatures. 

Locating Individual Blunders. 


Random Errors
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Random errors are generally small errors that occur during the process of surveying. They result from the fact that it is impossible to get absolutely perfect measurements each time you read a compass, inclinometer or tape measure. For example, your hand may shake as you read the compass, the air temperature may affect the length of the tape, and you may not aim the inclinometer precisely at the target. There are literally hundreds of small variations that can affect your measurements. In addition, the instruments themselves have limitations as to how accurately they can be read. For example, most compasses don't have line markings smaller than .5 degrees. This means that the actual angle may be 123.4 degrees, but it gets written down as 123.5. 

All these effects that add up to a small, random variation in measurements of survey shots. Even though these errors are random, they tend to follow a pattern. The pattern is called a "normal" distribution and it has the familiar "bell" shaped curve. As a result of this pattern, we can predict how much error there should be in a survey loop if the errors are the result of small random differences in the measurements. If a survey exceeds the predicted level of error, then the survey must have another, more profound kind of error.

Systematic Errors
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Systematic errors occur when something causes a constant and consistent error throughout the survey. Some examples of systematic error are: the tape has stretched and is 2 cm too long, the compass has five degree clockwise bias, or the surveyor read percent grade instead of degrees from the inclinometer. The key to systematic errors is that they are constant and consistent. If you understand what has caused the systematic error, you can remove it from each shot with simple math. For example, if the compass has a five-degree clockwise bias, you simply subtract five degrees from each azimuth.

Blunders
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Blunders are fundamental errors in surveying process. Blunders are usually caused by human errors. Blunders are mistakes in the process of taking, reading, transcribing or recording survey data. Some typical blunders are reading the wrong end of the compass needle, transposing digits written in the survey book, or tying a survey into the wrong station. 

Blunders are the most difficult errors to deal with because they are inconsistent. For example, if you read the wrong end of the compass needle, the reading will be off by 180 degrees. If you transpose the ones and tens digits on tape measure, the reading could be off by anything from 0 to 90 feet.

The Accumulation Of Survey Errors
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As you survey around a loop, the errors slowly accumulate and this effects how well the loop closes. It is important to understand how survey errors accumulate, because it allows us to make predictions about how well each loop should close. If you know how a loop should close, you can assess the quality of the survey measurements and the accuracy of the map as a whole. 

The Strange Way Errors Add. Most people think that survey errors simply add together, one-by-one as you work your way through the cave. This leads to many misconceptions. For example, since every shot adds more errors to a loop, you would think that more shots mean more errors, but in fact, just the opposite is true. This is because random errors can be both positive and negative and they actually have the tendency to cancel each other out.

To understand this more clearly, let’s look at a simple example. Let's say that you have a series of ten-foot shots and you have a ruler that is only accurate to plus or minus one foot. That means that sometimes you will read nine feet, sometimes ten feet and sometimes eleven feet. Here is a table showing the results from three such measurements, each one labeled A, B and C:

	Name
	Value
	Errors

	
	
	

	A
	9
	-1

	B
	10
	 0

	C
	11
	+1


This results in a range of errors that runs from -1 to 0 to +1 and it very similar to the kind of errors you might have in a tape measure. If you take two shots and combine all the combinations of this range of errors something very interesting happens. Since there are three possible error values for each shot, there are a total of nine combinations: 

	A
	+ 
	A’
	=
	-1
	+
	-1
	=
	-2

	A
	+
	B’
	=
	-1
	+
	0
	=
	-1

	A
	+
	C'
	=
	-1
	+
	+1
	=
	0

	B
	+
	A'
	=
	0
	+
	-1
	=
	-1

	B
	+
	B'
	=
	0
	+
	0
	=
	0

	B
	+
	C'
	=
	0
	+
	+1
	=
	1

	C
	+
	A'
	=
	1
	+
	-1
	=
	0

	C
	+
	B'
	=
	1
	+
	0
	=
	1

	C
	+
	C'
	=
	1
	+
	+1
	=
	2


As we add together all the possible errors from two shots, the errors begin to spread out. We now have five possible error combinations ranging from -2 to +2. Now we want to find out how many times the error falls into each of our five slots:

	-2
	-1
	0
	
	

	
	-1
	0
	+1
	

	
	
	0
	+1
	+2

	-------------------------------------

	1
	2
	3
	2
	1


It is important to understand that we are not adding up errors, but counting the number times an error falls into a particular slot. Notice how the results tend to concentrate in the middle and thin out toward the edge. If you combine enough shots in this way, you will get the familiar "bell shaped" curve. This also gives us the probability of various total errors at the end of two shots:

     1 chance  in 9 the error will be -2. 

     2 chances in 9 the error will be -1. 

     3 chances in 9 the error will be  0. 

     2 chances in 9 the error will be +1. 

     1 chances in 9 the error will be +2.  

This kind of information is very useful for determining the quality of a loop.  Iif you get a loop error of minus three for the example survey, the chances are less than one in nine that it is a random error. Thus, it is very useful to be able to predict the kind of errors you should find in a loop. 

Three Dimensions. So far, we have only looked at errors in one dimension. If we add in the error caused by the compass and inclinometer reading, the error becomes three-dimensional. Even in three dimensions, there is a pattern to the error that has the same properties as the bell curve.

Locating Bad Loops
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A good loop will have errors that only come from random variations in the measurements. Since random errors have a certain size and pattern to them, we can make a prediction as to how big the errors should be for any particular loop. Loops that follow a pattern and match the prediction are probably good. Loops that don’t follow the prediction are probably bad.

The prediction is based upon how accurately each instrument can be read. For example, if you can read a compass accurately to within one degree, every azimuth reading will have an "uncertainty" of about one degree. Each compass, tape measure and inclinometer has a different level of "uncertainty" associated with it. For example, experiments on a test survey course show that Suuntos have about a two-degree accuracy under the best circumstances. Also, some surveyors are better than others and some caves are more difficult than others. All this adds up to varying levels of uncertainty in the survey measurements. For this reason, the blunder program allows you to select different levels of uncertainty for azimuth, length and inclination. 

If you combine all these uncertainties around the loop, you will get a prediction of what the total error should be if all the errors are random. Notice that each shot has a different effect on the outcome. For example, if the shot is heading north, a one-degree azimuth uncertainty adds to the east/west errors. If the shot is heading east, the uncertainty adds to north/south errors. If you have loop with more shots in the north/south direction, you would expect the loop to have more east/west error. For this reason, every measurement in every shot is used to calculate the predicted error level. 

The resulting prediction is the "standard deviation" for the loop. Standard deviation is a statistical concept that is used to examine random information. Since the errors in a loop should be random (unless there is a blunder or systematic error), standard deviation is a good way to predict whether the loop has a blunder. The best way to understand standard deviation is to look at a graph: 

[image: image16] 

These graphs show a typical set of random events. They are famous "bell shaped" curves that are usually taught in high school. They give a visual representation of how the events are distributed. These events could be things like rainfall in Florida, wins on a roulette wheel or cave survey measurements. The center of graph is called the median and it is the average of all the events. You will notice that most of the events fall into the middle of the graph. Also, as you move to either edge, there are fewer events. At the bottom the graph, standard deviations are marked. They are numbered going away from the center. This is because we care about how far a particular measurement is from the average. 

Standard deviations are a measure of how much variability there is in the data. The more variability, the larger the standard deviation will be. 

Look at the bottom graph. You will notice that the data in this graph is clustered tightly around the center. This means that the data has less variability. You can see that the standard deviations are smaller. If this were cave data, the tight clustering would mean that the cave was surveyed more carefully or with better instruments. 

When we are looking for loops with blunders, we look for loops whose errors fall on the edge of the bell shaped curve. For example, if we have a loop whose error falls "three standard deviations from the mean," we would be very suspicious that the loop had a blunder. In other words, the standard deviation for a loop gives you a range of values that can be expected if the errors are random. 

Large Errors Aren't Always Blunders. As mentioned before, random errors tend to cancel each other out. For example, sometimes you will read the compass half a degree positive, sometimes half a degree negative and sometimes right on. If you add up all these positives and negatives, the resulting error will be very small. 

There is, however, a small chance that the errors will fall in such a way that there will be a larger error. Sometimes, by random chance, most your compass readings will end up half a degree negative. This will give you a larger error even though there is no real blunder. It's like flipping a coin. Most of the time, you expect 50% head and 50% tails, but every once in a while, you could get 20 straight tails in a row. If you get 20 straight compass readings that are a half a degree low, the error will be disproportionally large. 

Probabilities and Odds. So another way of understanding errors is to look at them in terms of probability. As the standard deviation goes up, the loop is more likely to be blundered. For example, if the standard deviation is greater than 2, there are only 5 chances in 100 that it is not a blunder. But if the error is greater than 3 standard deviations, there are only 3 chances in 1000 that it is not a blunder. The chart below gives more exact numbers for various standard deviations.

	Standard

Deviation
	Percent

Inside
	Percent

Outside

	
	
	

	0.5
	38.30 %
	61.70 %

	1.0
	68.26 %
	31.74 %

	1.5
	86.64 %
	13.36 %

	2.0
	95.44 %
	4.56 %

	2.5
	98.76 %
	1.24 %

	3.0
	99.74 %
	0.26 %


You can see that if you have cave data with no blunders and only random errors, the loop error should fall within one standard deviation most of the time (68%). If you have a loop that is three standard deviations away from the mean, there are only two chances in 1000 that there isn't a blunder. However, it is important to realize that even if the error is 3 standard deviations, there is still a small chance that the loop has no blunders.

Blunder Signatures
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In spite of the fact that blunders are unpredictable, they do have one property that enables us locate them: Blunders leave a signature on the error value. For example, let’s say that you have made a blunder on a length measurement so that the shot is ten feet too long. This will add ten feet to the loop error. More important, the ten-foot error will be in a direction that matches the azimuth and inclination of the shot. If the shot had an inclination of 10 degrees and an azimuth of 173, the error would be 10 feet in the direction of 173 degrees azimuth and 10 degrees inclination. This creates a signature that is unique. This means that only shots with the same azimuth and inclination could cause the error that we see. As a result, it is often possible to zero in on the exact measurement that caused the blunder. 

The signatures are often unique because there are two measurements that leave their mark on the signature. In our example, the combination of azimuth and inclination controls the signature. The odds of having these two measurements match exactly in a different shot are fairly low. 

Even when you have an error signature that matches two or more shots, all is not lost. When two or more shots produce a signature that matches the error, you cannot be sure which shot has caused the error. However, you still have narrowed the number of likely candidates.

Locating Individual Blunders
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After you have located loops that have large deviations, the next step is to analyze them looking for the specific measurement that has caused the blunder. The program does this by examining each and every measurement, looking to see if it matches the error signature. The process involves making a test adjustment of each measurement, trying to fix the error. It uses some complicated geometry to find the best fix for each azimuth, length and inclination. Since the program only adjusts one measurement at a time, there is a limit to how much improvement each adjustment can make. Some adjustments will have very little effect on the error. However, adjustments on shots that closely match the error signature will dramatically improve the loop error. The program saves the most successful adjustments. Since these are the adjustments that do the best job of fixing the error, they are most likely candidates for blunders.

You can also make some inferences about the kind of blunder that you have by looking at the size of the error: 

Small Errors: 2 - 5 Standard Deviations. Errors between two to five  standard deviationsgenerally are seen when there is a misreading of the instruments. For example, you could get this type of reading if you misinterpreted an azimuth of 320 as 330. 

Medium Errors: 5 - 15 Standard Deviations. Errors between five to twenty are seen with shot reversal. For example, if you read the wrong end of the compass needle or do a backsight without reversing the stations. This would give a reading that is incorrect by 180 degrees. The length of the shot governs the size of the errors. Long shots produce bigger errors. 

Large Errors: 15 - 100 Standard Deviations. Errors greater than fifteen standard deviations are seen in situations where a survey has been tied into the incorrect station. For example, if a survey is supposed to connect to station B12 and, instead, is connected to B13, a large error will probably result. The size of the error will depend on how far the erroneous station is from the correct station. 

These numbers are very general rules of thumb. Actual errors can vary depending on the exact circumstances. For example, if you have a shot reversal on a very short shot, the error could easily be less than one standard deviation.

Large Files and Windows Memory
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In the Windows, the amount of memory available to a program is only limited by the amount of RAM memory on your system. In addition, Windows uses the hard drive to create virtual memory that extends hardware memory considerably. As a result, there are no hard limitations on the size of survey files or the number of shots that can be in a single file. 

As an example, you can easily compile up to 300 miles of cave survey on a machine with only eight megabytes of memory. Since most computers these days have much more memory, you are not likely to run into any memory problems. However, there are some unusual situations were memory might be an issue.

Each megabyte of RAM is the equivalent of about 86 miles of cave passage. Remember, Windows uses memory for all the programs you have running, so every program that is running takes away from the memory that is available to COMPASS. If you find that you cannot compile a cave because of memory limitations, try terminating all unnecessary programs. This will often free up enough memory to complete the compile. Another solution is to simply add more RAM memory to your system.

Generally, Windows 3.1 requires about one to two megabytes of memory to run. Window 95/98/ME and 2000 each require more. Also, a lot depends on what programs are running in the background. Programs running in the background generally appear in the System Tray on the Start bar. You can get a sense of how much memory is available by running the Resource Meter and the System Monitor. These tools can be found by selecting Programs > Accessories > Systems Tools option from the Start Menu. 

The following table gives a conservative estimate of the cave size versus memory configuration under Windows 3.1:

          2 Meg  =   43 Miles          8 Meg  =  473 Miles 

          4 Meg  =  129 Miles         16 Meg  = 1161 Miles 

          6 Meg  =  301 Miles  

Technical Details
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There are a number of aspects of the operation of the Project Manager that are useful to programmers or people who have specialized needs. Here are detailed descriptions of the technical aspects of the Project Manager:

Windows Configuration
Version Numbers
Project File Format
Program Bugs
Differences From The DOS Version
Windows Configuration
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As a part of the installation process, COMPASS sets Windows so it knows how to work with cave survey files. This allows Windows to perform special operations that make it easier for you work with cave data. If you have copied COMPASS program files manually onto your hard drive, Windows will not know about COMPASS and the special features will not be available. The same thing can happen if you move COMPASS files to a different location. The best way to solve this problem is to reinstall COMPASS using the standard installation program that is used to distribute the program. Copies of COMPASS are always available on the internet at: http://fountainware.com/compass 

Manual Configuration. You can manually configure some of the Windows settings that integrate COMPASS into Windows. To do this, you would use the “View|Folder Options” in Windows Explorer. (See Windows help and manuals for detailed information on setting associations.) 

Project File Format
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Normally, you would create Project or "MAK" files using the Project Manager. Occasionally, someone might like to create a Project File in some other way. For example, you might want to create a Project File using a database. For this reason, this section of the document covers the actual internal format of the Project File. If you are not a programmer, you can skip this section. 

Generally speaking, a Project File is just an ASCII text file. Thus, it is very easy to create Project Files using a text editor, word processor, database or spreadsheet. Here is a detailed explanation of the different parts: 

Base Location

HYPERLINK \l "topic_FormatFileList" 
The File List 

Fixed Stations

HYPERLINK \l "topic_FormatLinking" 
Linking 

Parameters
Project Format - File List
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Basically, a Project File just consists of a list of files that will be combined. As an example, here is a simple project file: 

     #DEEP1.DAT; 

     #DEEP2.DAT; 

     #DEEP3.DAT; 

As you can see, it is a list of filenames. Each line begins with a pound sign "#" and ends with a semicolon ";". All other lines are ignored by the program and can be used for notes or comments. After the pound sign, a file name must appear. This can be any file name and can include a path specification. Spaces, tabs, carriage returns, line feeds and all "white space" characters are ignored. Comments begin with a forward slash “/” and are terminated either by another forward slash or the end of the line. The "make" format allows a great deal of freedom in the way you can lay out the file. The format allows the files and linking information to be set up virtually free form.

Project Format - Fixed Station
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It is sometimes useful to set the location of a survey station to a fixed set of coordinates. For example, this is useful when you have the coordinates for the entrances of several caves and you want to tie them together into a single survey. 

You can set the location of a station by placing the station name in the list of links for a survey. The station name is then followed by the coordinates for the fixed location you want to use enclosed in “square brackets” “[]”. The coordinates item begins with a “Units” command that specifies the unit that should be used for the location coordinates. The letter F means that feet are used, the letter M means that meters are used. This is followed by the east, north and vertical coordinates of the fixed location. Each item in the measurement units and the coordinates can be separated by commas, spaces or any other character that cannot be interpreted as part of the Units Command or the coordinate numbers.

#TEST1.DAT,A1[F,10.1,20.2,30.3]; 

#TEST2.DAT,C1[M,1.2,2.3,3.4]; 

The example entry links together two survey files, TEST1 and TEST2. In the first file, the station A1 is fixed to the location 10.1 east, 20.2 north and 30.3 vertical and the units are in feet. The second file has one fixed station. The coordinates for this fixed station are specified in meters. 

Project Format - Linking
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"Linking" is a technique that was necessary under DOS where memory was limited. Under Windows, which gives programs access to large blocks of memory, linking is seldom necessary. 

Basically, "links" are a method of connecting the two files together. Links specify the stations in the old file that connect to the new file. For example, if the shot B22 to CD1 connects the old file to the new file, then B22 is the link and you would use it as a link. You can have up to 500 links between files. The value of linking is that after the compiler has been given all the linking stations, it can forget all other stations in the old file. This frees up a large block of memory. 

Even though Windows generally gives you enough memory so that linking is unnecessary, there are still situations where linking is useful. First of all, since it frees memory, it could be used to combine several large caves into a huge cave system. Second, linked files compile slightly faster. Finally, with linking, you can combine two caves that have duplicate survey names. Normally, you would have to rename all conflicting stations; but with linking, the program "forgets" all the stations in the old file so there is no conflict. 

Link stations should be placed in the make file after the filename. If there is more than one link station they should be separated by commas. Here is a simple example: 

#OLDCAVE.DAT; 

#NEWCAVE.DAT,B22,C17; 

In this example, B22 and C17 are linking stations between OLDCAVE and NEWCAVE. You will notice that OLDCAVE has no links. This is because it is the first file to processed, and it does not need to be connected to a previous file. You can combine links and fixed stations like this: 

#TEST2.DAT,AB4,C1[M,1.2,2.3,3.4],C12; 

If you are working with three or more files, you have to plan ahead. This is because you may have links between the first file and the third file. Since the program erases everything but the link stations between files, you must be sure to carry all the links from the first to the third file. Look at the following example: 

     FILE1     -    (No links) 

     FILE2     -    Needs: A22 (From FILE1) 

     FILE3     -    Needs: A16 (From FILE1), B14 (From FILE2)  

FILE2 needs A22 as a link from FILE1. FILE3 needs two links, A16 from FILE1 and B14 from FILE2. Since FILE2 is processed before FILE3, and FILE3 needs A16 from FILE1, you must carry A16 into FILE2 even though FILE2 doesn't need it for its own processing. This is the way the Make file would look: 

     #FILE1.DAT;                /no links 

     #FILE2.DAT,A22,A16; 

     #FILE3.DAT,A16,B14; 

The following Make file for Wind Cave illustrates a complex Make file. (Under Windows, this kind of complex Make file is no longer necessary unless your have duplicate station names.) 

#WIND1.DAT; 

#WIND2.DAT, 

C41,F12,P9,C41,C40,UG30,NFP1,C39,SA'12,PP3,  /from Wind1 to Wind2 

JF65,JF109,L*6,JF10,                         /from Wind1 to Wind3 

KX37R,KY258R,JW1R,KY357,                     /from Wind1 to Wind5 

CR1,KK32,SA9R,BX21,KK32;                     /from Wind1 to Wind4 

#WIND3.DAT, 

JF65,JF109,L*6,JF10,                    /from Wind1 to Wind3 

KX37R,KY258R,JW1R,KY357,                /from Wind1 to Wind5 

CR1,KK32,SA9R,BX21,KK32;                /from Wind1 to Wind4 

#WIND4.DAT, 

KX37R,KY258R,JW1R,KY357,           /from Wind1 to Wind5 

CR1,KK32,SA9R,BX21,KK32,           /from Wind1 to Wind4 

MP74,MP28,PC2,KY349,KY326,         /from Wind3 to Wind5 

AA29,AA30,AA32,CR4,PC7,ZB1;        /from Wind3 to Wind4 

#WIND5.DAT, 

SE202,                             /from Wind4 to Wind6 

KX37R,KY258R,JW1R,KY357,           /from Wind1 to Wind5 

MP74,MP28,PC2,KY349,KY326,              /from Wind3 to Wind5 

KK20,K29,KK26,KF14,BB35,BB37,KQ45,      /from Wind4 to Wind5 

KA1,KO4,KI24,KK33,KK37,KK41,KK53,BB33,SD15; 

#WIND6.DAT, 

SE202;                             /from Wind4 to Wind6  

Parameters
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There are two additional parameters that can be specified in a Project File. Each one is specified by a special character. The information is terminated with a semicolon “;”. Here is a list of the parameters:

UTM Convergence.  UTM coordinates work by superimposing a grid on the surface of the earth. Because of the fact that the earth is a sphere, this grid will not be aligned to true north in some places. Since some maps may be aligned to UTM grid north instead of true north, COMPASS offers the option of aligning the cave to the UTM grid. The amount of misalignment from true north is called the “Convergence Angle.” This value is generally calculate by COMPASS if you are using UTM coordinates and kept in a Project File. The Convergence Angle parameter begins with a percent sign (%) and ends with a semicolon (;). The convergence value is found inside the percent-semicolon pair and can be any ASCII fixed or floating point number. For example:

%12.34;

UTM Zone. The UTM coordinate system divides the world up into zones. This parameter allows you to specify the zone that will be used for the fixed stations defined in the project file. The Zone parameter begins with a dollar sign ($) and ends with a semicolon (;). The Zone value is found inside the dollar-semicolon pair and can be any ASCII integer value. For example:

$12;

Base Location
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Base Location. Compass allows you to enter a base location for a cave or cave system. The Base Location is used for calculating Magnetic Declination. It allows you make Magnetic Declination calculations even when you don't have any fixed stations associated with any of the surveys.

Here is an example of a Base Location in a Compass MAK file:

@398315.500,4483735.300,3048.000,13,0.780;

&North American 1983;

I. The '@' Parameter. This parameter indicates the base location of the cave. Since the value is only used to calculate Magnetic Declination, it does not have to be the entrance or specific location in the cave. All that is necessary is

Four values are specified in the command. Here is a description of each value in the order:

1. UTM East. The first value specifies the standard UTM-East distance in meters.

2. UTM North. This value specified the standard UTM-North distance in meters.

3. Elevation. This value specifies the elevation in meters.

4. Zone. This value specified the UTM zone number.

5. Convergence Angle. This value is the UTM convergence angle between the UTM grid and the line longitude.

II. The '&' Parameter. This parameter specifies the Datum used in geographic conversion operations. The Datum is specified as a string which must match exactly one of the Datums displayed in the Compass Geographic Calculator.

Program Bugs
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A famous programmer once said: "All non-trivial programs have bugs!" COMPASS certainly is a non-trival program and it is certain to have at least some residual bugs. The programs in COMPASS are constantly being tested on some very large data sets including Lechuguilla, Carlsbad, Wind, Cheve, and Huautla. Nevertheless, you may encounter a problem that is a true bug. If you find a bug, please let me know. You can contact me at: 

Larry Fish 

123 East Arkansas Avenue 

Denver, CO 80210 

email: lfish@nyx.net 

Differences From The DOS Version
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These days, most people will be working exclusively with the Windows version of COMPASS. Occasionally, there might be a reason to use the DOS version. For example, the DOS version will work on even the most primitive PC, so it could be useful for working in a third-world country where resources are limited.

If you are sharing data between DOS and Windows versions, there are several differences in the way the different versions work that you need to be aware of. Most of them have to do with the fact that Windows allows you to access very large amounts of memory. Click here, for detailed information on using surveys with both DOS and Windows.

Version Numbers
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COMPASS maintains version numbers for all its programs. The version numbers change each time the software is update. Thus, you can precisely determine which version you are using. You can view version numbers by selecting the “Help|About” option from the menu bar. 

The version number consists of five numbers each separated by a period. Here is a detailed explanation of the meaning of each number:

1. Major Version Number. This number identifies major changes or revisions in the software. It changes at most once a year.

2,3,4. Creation Date. This number displays the date the software was last modified and compiled. The first number is the year, the second number is month and the final number is the day.

5. Build Number. The number gives the number of times software has been built (compiled) since version numbers were implemented. This is useful because the software may be modified and compiled more than once a day. Thus, you differentiate between two versions created on the same day.

Combing Files
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Under DOS, programs were limited to about one megabyte of memory. This meant that the DOS compiler and loop closer could only process 5000 shots or between 15 to 20 miles of cave in a single file. In addition, the number of loop closures and the number of suspended shots were limited to 500 in any file. 

If the cave got bigger than 5000 shots, 500 closures or 500 suspended shots, the data had to be broken down into separate files that held fewer shots, closures or suspended shots. Also, early versions of COMPASS for DOS required that all survey files be linked together, no matter how many surveys were in them. This made large caves somewhat complicated to work with.

The Windows version does not have any of these limitations, so if you are working exclusively with the Windows version, there is no limit on the size of the files. (However, for very large caves, you probably want to keep the data for different sections in separate files for easier handling of the data and better organization.) You are also free to remove any links as long as there are no duplicate station names between files.

This leads to two issues. First, you may have some files that were originally generated in the DOS version that you are now using exclusively in Windows. Second, you have some files that were generated in Windows that you want to use with DOS.

1. DOS Originated Files. Files and projects created under the DOS version can be used with no conversion whatsoever under the Windows version. However, if the survey has been arbitrarily broken into separate files, you might want to combine them or remove links, for efficiency sake.

To remove links, simply use the link editing features of the Project Manager.

 There are several ways to combine survey files. One way is to go to the DOS prompt, find the proper directory and use the COPY command. For example: 

COPY FILE1.DAT+FILE2.DAT+FILE3.DAT NEWFILE.DAT 

This operation combines FILE1.DAT, FILE2.DAT, and FILE3.DAT into a new file called NEWFILE.DAT. Be sure to combine the files in the same order that they were specified in the original project. You can also combine files or parts of files using the Project Managers Survey Manipulation features. 

Problems Combining Files. Several problems can occur when you combine files. First, you will have problems if any two files use the same survey name. For example, if GROANING.DAT and FIXING.DAT both have a "B" survey, shots in both "B" surveys will conflict with each other if you combine the files. This is because when the surveys are in separate files and you use linking, the two "B" surveys are invisible to each other. There are two solutions to this problem. Either don't combine the two file or rename all the stations in one of the conflicting surveys. 

Another problem that occurs when combining files is “station shifts.” When you link two files together, you get to choose the linking stations between the files. COMPASS only needs one link between cave segments; however, there may be several additional connections between the segments. When you combine two files, all these connections are automatically used. The new connection’s path may have more or less errors on them than the original link. These differences will cause any stations downstream from the connections to change position. This is generally a minor problem caused by survey errors. Closing the loops before compiling will resolve the problem. 

Reason For Not Combing Files. Even though you can now compile virtually any cave or cave system as a single file, it is still useful to keep parts of the cave in separate files. One reason for keeping separate files is for organization. Having caves or parts of caves in separate files allows you to create several different project files that show different aspects of the caves. For example, there are about eight different caves in the Williams Canyon area. There are also several different surface surveys. I keep each cave and each surface survey in a separate file. I have several different Projects that allow me to view various combinations of all or part of the caves and surface surveys. 

Finally, compiling linked files is slightly fast than processing a single combined file. This is because the program doesn't have to search through so many station names when it is processing separate files. However, Windows’ computers are so fast these days, that the slight speed increase is pretty trivial.

2. Windows Originated Files. If you are planning to use Windows survey data under DOS, you may have to break your files up into smaller segments. This will be necessary if the files have more than 5000 shots or more than about 15 to 20 miles of cave. You can do this by using the Project Manager’s Survey Manipulating Tools. You will also have to create links between files. For further information, please refer to the COMPASS for DOS manual entitled COMPASS.TXT.

Accessory Programs
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COMPASS has several accessory programs that give you powerful tools for analyzing and displaying cave data. Here is a list of the programs and their functions:

1. CaveBase. CaveBase allows you to create databases of information about the features inside a cave. This could include things like minerals, formations, artifacts, plants, wildlife, leads, routes, airflow, etc. You can even include photographs, drawings, and numerical values such as water pH or temperature. CaveBase organizes this information and allows you toquery the data. Queries allow you to ask complicated questions about the data. For example, you could ask the program to find all the stations in the cave that have both calcite and gypsum. Once this information was found, COMPASS could display these locations on the cave map, by marking or highlighting them. CaveBase is available from the COMPASS web site at: http:/fountainware.com/compass.
2. DEMRead. The DEMRead program reads Digital Elevation Model files (DEMs) and uses them to overlay a cave with the surface terrain. The terrain is overlaid as a grid or as topographic contour lines. The terrain model is fully three-dimensional, and is very useful for displaying the relationship between a cave and surface features. DEM files are available free of charge for most of the US from the USGS. DEMRead and links to the USGS webs sites are available on the COMPASS web page at: http:/fountainware.com/compass. 

3. CaveX. CaveX is a specialized tool for displaying 3D models of a cave. CaveX takes the Up, Down, Left and Right passage dimension measurements and uses it to create a 3D model of the passages. It then smoothes, shades, highlights and textures the passages which gives them a realistic 3D appearance. You can even texture the passages with photographs of limestone, giving the cave a realistic rock-like appearance. CaveX uses Microsoft’s DirectX technology to display the caves. This means that the program takes advantage of the hardware acceleration built into modern video cards. As a result, CaveX can display the images fast enough so that you can literally “fly” around and through cave using a joystick or the mouse. CaveX is available from the COMPASS web site at: http:/fountainware.com/compass.
4. DOS Programs. COMPASS was originally written for DOS. There are still a few programs available in the DOS version that may be useful. Here is a list of useful DOS programs:


CTREE.COM. This program analyzes a COMPASS file and displays a diagram of how all the surveys are connected together.

CONNECT.EXE. This program analyzes two COMPASS files and displays any connections that may exist between the two files. This is useful for finding links between files.

CART2CSS.EXE. This program allows you to enter Cartesian coordinate data and convert it to a COMPASS data file. This is useful for incorporating theodolite surveys into cave files. It also allows you to generate artificial shots from maps and aerial photos.

FCOMPILE.EXE. This program allows you to combine external data with COMPASS plot files so that the data can be displayed along with the cave plot. The information can be points, lines or meshes. This could be used to add specialized geological or inventory data to a plot file. The program uses simple text files so it is relatively easy to create the data manually or with a simple program.

Misc. Converters. There are several programs that will import cave data into COMPASS from other survey file formats besides SEF. For example, there is a program that will import RSD files from early versions of SMAPS.
The DOS version of COMPASS is available on the COMPASS web page: http:/fountainware.com/compass. Refer to the COMPASS for DOS manual COMPASS.TXT for detailed information about the operation of these programs.

Manipulating Windows File and Folders
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In many instances, it is useful to be able to create and manipulate Windows files and folders. With the latest versions of Windows, there are many ways to do this. One of the nice things about the Windows interface is that most of the methods work pretty much the same way.

Accessing Windows Files and Folders.  You can access and manipulate files and folders with three separate programs in Windows. It is useful to understand that all of these three programs are based on the same underlying software, so they work pretty much the same.

1. Windows Explorer. Windows Explorer can be found by clicking on the Start Button that usually appears in the bottom-left corner of the Windows screen. Look in the “Programs” section of the menu and you should find Windows Explorer.

2. My Computer. My Computer is usually found in the upper left corner of your Desktop. It is virtually identical to Windows Explorer, except that it is usually configured to give a slightly different display.

3. Open/Save Dialog Boxes. People often don’t realize that the Open and Save Dialog boxes that are used to open and save files, are actually just specialized versions of Windows Explorer or My Computer and that they can do most of the same operations.

Tasks. You will normally use these programs to create, delete, copy or move files or folders. Here is a detailed description of each operation:

1. Create New Folders. You can create new folders by selecting the “File|New” option from the menu bar. Some programs also have a button on the tool bar that allows you to create a new folder. Since some of these programs can be configured so they don’t have tool bars or menu bars, you can also create a new folder by clicking on the screen with the right mouse button. A menu will pop-up. Select the “New|Folder” option.

2. Delete Files/Folders. Folders and files can be deleted in all of these programs. You start by clicking on the folder or file you to want to delete. This will highlight it. Now hit the delete key, or select the “Files|Delete” option of the menu bar. Finally, you can drag the file to the Recycle Bin or right mouse click to bring up a menu that offers the delete option.

3. Copying or Moving Files/Folders. There are several ways to copy or move files or folders. One method is to highlight the files you want to copy and/or move and then hit the Copy or Cut buttons on the tool bar. You then switch to the destination folder and click on the Paste button. If the Cut, Copy and Paste buttons are not visible, you can find them in the “Edit” menu or by right clicking on the screen. Finally, you can open two copies of My Computer or Explorer and then drag the files between locations. If you hold down the control-key, the file will be copied, if you don’t it will be moved.

Terminology and Conventions
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If you are new to the computer or Windows, some of the nomenclature can be confusing. Here is a description of some of the terminology that is used throughout this documentation:

1. Clicking-On.  In many situations, you will be expected to move the mouse cursor to a specific location on the screen and then press the left or right mouse button. This is often referred to as “clicking-on.” So if you read that you should “click the left mouse button on” something, it means that you should move the mouse to that location and press the mouse button.

2. Double-Clicking vs. Single-Clicking. Double-clicking means clicking twice, in rapid succession, on the same point. In Windows, single clicking is usually used to select some item on the screen and double clicking is used to carry out some action. However, Windows can now be configured so it works like a web page, where actions are carried out with a single click. For this reason, when you see the phrase “double-click” in this document, it may actually mean single-click, depending on how you have set Windows to work. To control this option, select the  “View|Folder Options” from Windows Explorer or My Computer.

3. Left- and Right-Mouse Clicks. There are always at least two buttons on a PC mouse. “Left-mouse-clicking” means pressing the left button. Likewise, “right-mouse-clicking” means pressing the right button. The left button usually carries out actions; the right button usually displays menu relevant to the portion of the screen you are clicking on. (If you are left handed, Windows can be configured to reverse the meaning of the buttons.)

4. Dragging and Dropping. Dragging is usually accomplished by moving the mouse cursor to a specific location on the screen, pressing the left mouse button down, and while the button remains pressed, moving the mouse cursor to a new location. This process is usually used to move something from one place to another and it gives the sensation of actually “dragging” the object around. Once the object reaches its destination, you “drop” the object by releasing the mouse button.

5. Menu Terminology. Most Windows programs have something called a “Menu Bar” at the top of the screen. The Menu Bar has a series of words like “File, Edit, View, etc.,” along its length. If you click-on a menu item, a menu box will drop down. Each menu box can contain additional menus so that you may have a series of menus, one inside the other. In this documentation, a series of menu items like this are specified by the words separated by a vertical bar. For example, “View|Toolbars|Forms” tells you to select “View” from the main menu bar and then “Toolbars” and then “Forms” from its submenus.

DirectoryFolder

Folders are a way in which Windows subdivides disk space into separate spaces. They are used to keep files separate from one and other and they are also used to help organize information and programs. Folders can be nested inside each other and this allows you to create hierarchical organizations. The term Folder and Directory are interchangeable. The word Directory originated in the DOS environment and the word Folder originates in Windows. 

PathDef

 A path  is the information that a computer needs in order to find a file on a hard drive. Since one folder can be nested inside another, a path is a list of folders you have to go through to get to the file.  When a path is written out, it usually begins with drive letter, followed by a list of folder names, each one separated by a slash “\”. For example: C:\Cave\Compass\Lechuguilla
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