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Avionics Builder:  Tools for building Instrumentati on, Navigation 
Systems and Flight Management Systems 

Section 1: Overview and Limitations: 
Instrument Builder and Instrument Builder Pro is a set of tools used to design, and create avionics for 

rendering in SimAVIO.   SimAVIO is the compiler and rendering software that reads the models created by 
Instrument Builder.  A copy of SimAVIO is included with this software.  Instrument Builder is not a stand-
alone GUI application, but rather a set of applications purchased separately, and detailed documentation on how 
to write the script to animate the instruments.    This version of Instrument Builder Pro comes with a plugin to 
access the data from X-Plane.  www.x-plane.org.  It may, however, be extended to any flight or other dynamic 
simulation.  One must only create a plugin with that dynamics simulator, and modify an excel document that 
defines the relationship between the dynamics simulator and SimAVIO. 
 
The following is a list of differences between Instrument Builder and SimAVIO: 

·  Instrument Builder can render (open) instruments from 3D models saved in AC3D (.AC). 
·  Instrument Builder can save to a compiled format called .FTS. 
·  Instrument Builder can render (open) instruments in .FTS compiled format.   
·  SimAVIO can only render (open) .FTS files.  SimAVIO can NOT open .AC files. These files can not be 

modified or opened by any other program.  SimAVIO is ideal for end users who require fast load time 
and small file size. 

 
Instrument Builder is available in an Analogue and EFIS version. 

·  Instrument Builder Basic comes with the original artwork and 3D models for every analogue gauge that 
FTS sells. 

·  Instrument Builder PRO EFIS comes with all the tools, artwork and models included in with the Basic 
version,  PLUS examples, tools and a current navigation database needed to create maps.   PRO also 
comes with examples and tools to create complex EFIS displays with an artificial horizon and 
overlaying speed, altitude and engine tapes/tumblers.    

 
The table below lists the differences between Instrument Builder Analogue and EFIS PRO. 
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Instrument Builder Basic PRO
General Features

Create analogue gauges ��� � � �� �
Assemble instruments into a panel ��� � � �� �
Create Maps ��� �
Create Advanced EFIS displays ��� �

Navigation Database with updates ��� �
Tools included

Rotating needle ��� � � �� �
Toggle objects on or off ��� � � �� �
Translate a texture ��� � � �� �
Create Text ��� � � �� �
Buttons and Knobs ��� � � �� �
Artifical Horizon ��� � � �� �
Shift polygons in X or Y direction ��� �
Red "X" failures ��� �
Speed and Altitude Tapes ��� �
Glass Directional Gyro ��� �
Timer ��� �
Tumbers ��� �
Viewport (for maps) ��� �  

 

Section 2: Building blocks for creation 
There are three primary steps to creating avionics.  Admittedly, these are not the “Three easy steps” you 

hear in commercial advertising.   In order of execution, these steps are: 
 

1. Learn every intricate detail about the instrument you are trying to reproduce.   
2. Create all the images using your favorite photo editing software. 
3. Use AC3D to create the 3D model of your instruments 

 
Obviously, you may jump around in this creative process.   You may determine that a feature was left out of 

your original design, and you need to go back to create more textures.  Or you may find a mistake, which 
requires you to change a texture, or remove a polygon. 
 
Figure 1 introduces the tools and software necessary to build instruments.  The necessary software includes: 
 

1. Photo editing software (not included).  I use Photoshop. 
2. SimAVIO (included with this installation) 
3. AC3D modeling software from Inivis. (not included)  No other 3D modeling software is compatible with 

SimAVIO. 
4. XML editor (not included).  I use XML Spy. 
5. FTS / X-Plane interface plugin (included with this installation) 
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6. X-Plane (not included) 

SimAVIO compiler 
and rendering 

software

AC3D model with 
Instrument Builder 

scripting

Photo editing software to 
create images for AC3D 

textures

XML editor to create 
textport content for Flight 

Management System

XML editor to create 
mapproperties.xml for 
moving map display

FTS Interface Plugin

X-Plane

Udpdata.txt

 
Figure 1: Flow diagram showing the building blocks for creating and rendering instruments in X-Plane.   
 

Analyze instrument logic, look and feel 
The first step is to learn every intricate detail about the instrument you are trying to reproduce.   How 

does it look?  How does it operate? What data drives the needles and dials?  If you are trying to build an 
instrument from your own creative genius, then you must draft a logic diagram about how the user interface will 
function, and have a mental picture of how it will look.  I found it helpful to create a table in a spreadsheet that 
maps out the routing to each page in a Flight Management System, with each press of a button or twist of the 
knob. 
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Create images using photo editing software 
Now is the time to put your artistic talent to the test.  We will create a simple airspeed gauge as a sample 

exercise.  The gauge artwork can be created using a simple and free program on the net called Gaugemaker.  
http://forums.x-plane.org/index.php?autocom=downloads&showfile=6359 
Color arcs for aircraft speed limitations and radial tick marks are easily constructed using this software. (See 
Figure 2)   

 
Figure 2: Gaugemaker for producing background images of your round gauges. 
 

All images must be saved in .PNG file format.  PNG supports transparency which is critical when you 
layer these textures inside the modeling program AC3D.  All images must be stored in the same folder, or any 
subfolder of the .AC model.  AC3D maps the location of each texture. Be careful not to move your textures 
around after mapping them to a polygon.  You may lose the mapping the next time you load the model in 
AC3D.   

Invis AC3D: 3D design software used to create the i nstrument models 
Now that you have created the look, and drafted the logic of your instrument, it is time to start putting 

the pieces together.   It is recommended that you use AC3D to create your 3D instrument model.  It is possible 
for you to build your model in some other program, and then import that into AC3D to convert it.  However, 
this has nether been tested, nor can be supported by FTS.  You can download AC3D from www.inivis.com.   
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Create 2D planes (polygons) layered on top of each other in a 3D stack 
Most of the powerful 3D modeling features of AC3D are not needed for our purposes.  Under the 

selection toolbox, only the group and whole object tools are needed. Under the Mode toolbox, only the Move 
and Draw a Rectangle tools are needed.  While moving, rescaling, or rotating polygons, it may be helpful to 
increase your precision by typing in the numbers instead of using your mouse to drag them.   
 
Step 1: Start by creating a 2D rectangle at the origin of the drawing area.  Select the Draw Rectangle tool, (#4 
in Figure 3) then click and drag to draw the box.  For consistancy between instruments, it is recommend that 
you create an arbitrary unit system for the dimensions of the polygons.  For example, our sample instruments 
are constructed with one database unit in AC3D equaling 1 inch.  Otherwise, it can become a hassle rescaling 
instruments later to adjust the size perspective on a panel instrument cluster.  
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Figure 3: Creating the instrument model in AC3D. 

Apply images (textures) to each 2D polygon 
Step 2: Add a texture to this polygon that you created in step 1.  From the menu bar select Object -> Texture -> 
Load Texture.  Remember to use only .PNG files for your textures.  Also remember to place your textures in a 
subfolder of the AC3D model that you are creating.  Our sample instruments include textures in a subfolder 
called “ftsimages” however it is not required to use this folder name.  For the airspeed gauge example, you will 
load the background image created in Gaugemaker with the radial tickmarks and color arcs with aircraft speed 
limitations. 
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Step 3: From the menu bar select Tools -> Texture Coordinate Editor or press F10 (shortcut key).  In the 
Texture Coordinate Editor window, left click and drag the green box that defines the area of the texture you 
wish to use for your polygon. 
 

Position and order each 2D polygon in the correct d rawing sequence. 
Step 4: Create a second polygon using the same steps described in step 1.  For a simple instrument, the step 1 
polygon will be the background of an airspeed gauge.  The second polygon will be the needle that points to the 
airspeed output from X-Plane. 
 
Step 5: Select Move mode (#2, Figure 3), then type 0.05 into the Z column (#5 Figure 3).  Select to highlight 
the second polygon (the needle), then click the “+” button to move the second polygon 0.05 units IN FRONT of 
the background polygon.  We recommend that you keep the layers as close together as possible because 
complex instruments with hundreds of layers can become thicker than they are wide!  This makes viewing the 
model more difficult. 
 
Step 6: From the AC3D menu bar, select Tools -> Hierarchy View or press F8 (shortcut key). (See Figure 3, # 
6)  Select the needle polygon in the Hierarchy View window, then Right click to Move to Tail.  Polygons at the 
top of the Hierarchy list are drawn first, while those at the bottom are drawn last.  Similar to painting on canvas, 
the first paint applied to the canvas is below the last paint applied to the canvas.  If you see grey “fuzz” around 
the edges of your needle, your polygon order is incorrect.  If your needle is missing completely in the model, 
then the polygon must be moved forward in the Z direction.  (see Figure 3 below) 

Assign behaviors to each polygon 
In the previous 6 steps, we created the polygons, applied textures to them for appearance, then placed them 

in the correct drawing order.  In the next group of steps, we will write some basic script to define the animation 
for each polygon.  The basic steps required to define the animation are: 

 
·  Determine the variables needed to drive the instruments 
·  Study the FTS variables document 
·  Use one of the variables all ready listed, or create new ones 
·  Type the script into the polygon properties window 
·  Group polygons together into a hierarchy 

Determine what variables you need to drive the instruments 
This should be an easy thing to do, if your instrument or gauge is a common one used in most airplanes.  

For example, the airspeed gauge example uses Indicated Airspeed.  .   

Study the udpdata.txt document 
Browse to the SimAVIO library folder, and look for a file named udpdata.txt.  Open this file in a 

spreasheet application like Excel.  It is tab deliminated, so it should import quite easily into Excel. 
Scroll down to the section titled X-Plane Datarefs.  The first column in the list is the X-Plane dataref as 

described in the X-Plane SDK documentation on Sandy Barbor’s website 
www.xsquawkbox.net/xpsdk/docs/DataRefs.html.  The fourth column in the list is the short-hand FTS 
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equivalent name for the X-Plane Dataref.  This shorthand variable name is the one you will use in the script to 
define the animation of your polygon. 
 
Step 7: To make progress on the airspeed gauge example we started earlier, scan down to the section labeled 
“Speed” and look for the FTS variable Vind_kias.  This is the variable needed to drive the airspeed needle.  The 
X-Plane dataref equivalent is sim/cockpit2/gauges/indicators/airspeed_kts_pilot.    I will explain later what the 
other columns mean in udpdata.txt. 
 

"Speed
sim/cockpit2/gauges/indicators/airspeed_kts_pilot float 1 Vind_kias
sim/flightmodel/position/true_airspeed float 1.944 Vtotl_ktas
sim/flightmodel/position/groundspeed float 1.944 Vtrue_ktgs
sim/flightmodel/position/groundspeed float 1.944 Vtrue_ktas
sim/cockpit2/gauges/indicators/vvi_fpm_pilot float 1 VVI_fpm  

TABLE I: Screen shot from udpdata.txt as viewed from Excel 
 

Udpdata.txt also contains a section further down called Fly this Sim added variables.   Any variables 
that you declare in the script that are not found in the X-Plane datarefs will be located here.   You are free to use 
any variable located in udpdata.txt, including those custom variables in the FTS variables section. 
 

IMPORTANT NOTE :  ALL SCRIPT DESCRIBED IN THIS TUTORIAL IS CASE 
SENSITIVE. UDP VARIABLE NAMES (CONTAINED IN UDPDATA.TXT) ARE 
ALSO CASE SENSITIVE. 

 
If you can’t find the variable that you are looking for in udpdata.txt, then you can proceed to the next 

section to add new variables. 

Create new variables from the X-Plane datarefs or customize your own and include in the 
FTS variables section of udpdata.txt  
Adding new X-Plane datarefs to udpdata.txt 

FTS provides the flexibility to add new variables to udpdata.txt if none of those listed meet the 
requirements of your instruments or EFIS.  Locate the X-Plane dataref.txt document in the resources/plugins 
folder of your currently installed copy of X-Plane. Look for the dataref that you wish to add that is not in the 
FTS udpdata.txt document.  Insert this dataref into column 1 of udpdata.txt using a spreadsheet editor like 
Excel.  In column 2, insert the dataref type (float, byte, or int).  

NOTE: X-Plane uses floats for non-discreet numeric data like engine RPM.  Integers (int) are used for 
indexes like flipping a switch on or off.  Avionics power is a good example of an integer dataref.  0 = OFF and 
1 = ON.   
 

If X-Plane outputs the data in an array, then follow the dataref type with the array length in brackets.  
For example, propeller RPM (rpm_prop) is an array of 8.  The data type is float[8].   In other words, X-Plane 
will output up to 8 data streams for an airplane that has 8 engines.  (Does the Spruce Goose come to mind?) 
 

Column 3 of udpdata.txt is a multiplier used to convert units between the X-Plane dataref and the 
SimAVIO variable.  Typically, this value remains 1 and no conversion is necessary.  If you need to convert 
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between one unit system to another (like meters to feet), you can use column 3 as a conversion factor.  Gain is 
another common term to call the multiplier in column 3. 

 
 

Column 4 of udpdata.txt is the SimAVIO variable name used in the AC3D modeling script.  When 
creating a new SimAVIO variable, use underscore “_” instead of spaces and keep your character length to 15 or 
less.  Variables are also case sensitive. 
 
Adding new FTS variables to udpdata.txt 

Adding new variables to this section of the udpdata.txt is similar to adding X-Plane variables.  If you 
create a new variable in your script that is not an X-Plane dataref, then you must document that new variable in 
this section of the udpdata.txt. 
 

Compared to the X-Plane section, this section does not include an X-Plane dataref in column 1.  Instead 
of relying on data received through the Plugin interface with X-Plane, FTS data must be generated internal to 
the program.  Buttons, timers, and counters in the AC3D script logic will generate data in SimAVIO.   Other 
FTS variables output results based on the addition or subtraction of two or more X-Plane variables.  The current 
version of Instrument Builder does not provide the capability to add or substract variables.  Those that are 
provided in the udpdata.txt are hard coded in SimAVIO.  Contact FTS for requests related to this. 

Use the Object Properties Dialogue Window to type custom script to the polygons  
Let me review the progress of our airspeed gauge example.  First, we created two polygons in AC3D: 

one for the background and one for the needle.  Next, we painted the surfaces with textures, and placed them in 
the correct drawing order.  Then, we determined the variable name needed to animate the needle.   
 

The next step in this example is the “meat and potatoes” of this exercise: so read carefully.  The 
appendix includes a complete library of tools, however we only care about creating the airspeed gauge right 
now. 
 
Step 8: From the AC3D menu bar, click Tools -> Object Property Editor or F9 for a shortcut to this menu 
window.  Type the following script into the object data text field. 
 

userdata 
needle 
driverlist  1=1:var_Vind_kias 
startangle 0 
stopangle 333 
stopvalue 170 
startvalue 0 
enddata 

 
The syntax and definitions for this script are included in the appendix.  In short, all script starts with the 

word userdata and ends with enddata.  The second line in the script always defines the tool name.  The list of 
tool names are included in the appendix.  The third line of the script always starts with the word driverlist and is 
followed by a tab.  Any conditions for showing or not showing the polygon are defined next, followed by the 
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FTS variable name that is used to drive the polygon.  The variable name is always preceeded by the syntax 
var_. The next four lines describe the properties of the tool needle and are described in further detail in the 
appendix. 

Group polygons together that share the same properties 
The final step in creating an instrument is to organize your polygons into a hierarchical structure to 

improve the performance of the runtime software.  If you have a group of polygons that all share the same 
attribute, you can group those together to combine many individual scripts into a single script.  Grouping is 
quite common in a multipage Flight Management System (FMS), where only one page can be viewed at any 
time.  Another common example of grouping occurs for system failures.  You can draw red “x”s across an 
entire group of gauges if the engine computer fails.  In the airspeed gauge exercise, group the needle and the 
background together by following these steps: 
 
Step 9: From the AC3D menu bar, click Tools -> Hierarchy View.  Click to highlight the objects in the list that 
you wish to group (the background and the needle in this example).  Click to activate the Group selection mode 
in the upper left hand corner of the application window.   Click the Group button in the Hierarchy View window 
to complete the grouping process.  Type a name for the new group in the object name field located in the lower 
left corner of the application window.  Right click on the new group object in the Hierarchy View window, and 
select Edit Object Data from the pulldown window.  Type  SimAVIO script in the object data window to define 
the behavior for this group of objects.   For the airspeed gauge example, you may want the gauge to 
mysteriously disappear when the engine quits.  This would be a bizarre nightmare for most pilots.    Type the 
following script into the object data text field. 
 

userdata 
group 
driverlist  engok=false:state_hide 
enddata 

 
The syntax and definitions for this script are included in the appendix, however you may get the idea from first 
glance.  When the variable engok equals false, then hide the group. 
 

File Structure 
SimAVIO is split up into two main folders: Library and Panels.  The Library folder contains all the 

supporting documents needed for SimAVIO.  These files include the most important one of all:  udpdata.txt.   
Other supporting documents include the map topography, navigation data, map properites and textport XML.  
The purpose of these supporting documents will be described in further detail later. 

Lib_Instruments 
Underneath the library folder is the folder Lib_Instruments.  This is the folder where you will keep all 

the models/instruments that you build in AC3D.     
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Panels 
Panels allow you to assemble multiple instruments onto a cockpit panel, and reposition them as you wish.   

Panels are created in AC3D just like instruments are created.   
 

1. Draw one large polygon that defines the outer edges of your instrument cluster. 
2. On top of this polygon, draw any number of smaller polygons to define the position of your 

instruments.  The size of the polygon is not important, and does not define the size of the instrument.  
Use the commands scalex and scaley to scale the instruments on the panel.  (see script example 
below). 

3. Select one of the smaller polygons, hit F9 key, then type the following script into the Object 
Properties Editor. 

 
userdata 
externalref 
filename ./alt_GA.ac _ 
   offset 0 _ 
   scalex 1.3 _ 
   scaley 1.3 _ 
   scalez 1 
 
enddata 

 
This script is called an External Reference.  It calls up the General Aviation altimeter gauge (filename 
alt_GA.ac) stored in the Lib_Instruments folder,  and displays that instrument on this panel.   A scalex greater 
than 1 will scale UP the instrument in the X direction.  (i.e. makes it bigger).  A scalex less than 1 will scale 
DOWN the instrument in the X direction.  Similarly, scaley and scalez scale the instrument in the y and z axis 
respectively.  Offset should always remain ZERO.  If the scale and offsets are left out of the script, the default 
scale of 1.0 is used by SimAVIO. 
 

Panel AC models are simple and easier to produce than instruments.  The runtime software first looks 
for the external reference files under the same root directory as the panel model.  If it can not find it locally in 
the root directory, it will search the common instruments Lib_Instruments folder.  Generic instruments that are 
shared between panels should always be stored in the Lib_Instruments folder.  Gauges that are specific to a 
certain make and model of aircraft, such as an engine gauge, are kept in the Panels folders.   If you are 
confused, just study the file structure in the example models that came with this software, and use a similar file 
structure for your own gauges. 

Test the AC3D model 
In review, we have created a basic instrument in AC3D, and referenced this instrument to a panel.  For 

more complex instruments though, it is highly recommended that you compile and render your instruments 
periodically throughout the design and construction process.   The fewer changes that you make between tests, 
the easier it is to find errors. 
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Run FTS SimAVIO to compile, interpret and render your model 
SimAVIO will compile the AC model that you created in AC3D and render the instrument or panel of 

instruments in a new window.  In addition to the AC file, SimAVIO reads in the udpdata.txt file.  Any changes 
that you have made to this file may result in errors during compilation.   Also, if you call a variable in your 
model that does not exist in udpdata.txt, then an error message will result.  The operations manual for 
SimAVIO is documented separately.  Please refer to SimAVIO Operations Manual for further help with 
installing, activating, and opening instruments. 

Run SimAVIO in TEST mode first 
Begin the test by starting SimAVIO without X-Plane running.   You will first see a splash screen and the 

message “Waiting for X-Plane”.   Type Control – O to load the instrument file you previously created in AC3D.   
If the instrument has errors, SimAVIO will display a pop-up window displaying the error message.  Depending 
on the type of error, SimAVIO may continue to load if you ignore the message.  Ignoring more serious errors 
will cause SimAVIO to crash.  If SimAVIO loads anyway, expect to find something wrong in the way our 
model is rendered.  The error message should give you enough information to find the mistake.   A list of error 
types is presented below. 

SimAVIO Error Messages 

If SimAVIO finds an error in your script, an error message will help you locate the problem.   The first 
clue from the error message is the object name.  Proper naming of your objects earlier when you built your 
model comes in handy at this point.   If you still have trouble finding your error, then SimAVIO provides the 
line number as a second clue.  The line number where SimAVIO finds the error is only an approximate location.   
To locate the script from the line number, open the .ac file in a text editor like TextPad to display the current 
line number.   
 

Correct the error in the Object Properties Editor  in AC3D. You may also correct errors in the text 
editor, however this method may corrupt the model.   A corrupt file will result if you make changes that add or 
remove a line of text.   The next time you open AC3D, object properties script will be missing or shifted to a 
different object.  Therefore, only make changes within a line of text, and not spanning several lines of text. 
 
Problem: Tool name spelled incorrectly 
Error Message: 

Run-time error 438 
Object doesn’t support this property or method 

 
Problem: Typo or misspelling of a key word like userdata, endata, driverlist or tool properties tag. 
Error Message: 

Found bad line [misspelled_word_here] line no [#] in Instrument [object_name]: 
misspelled_word_here 

 
Or 
 

There as an error parsing a data file, look at line [#], for an error, misspelled_word_here 
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Problem : Enddata tag is missing 
Error Message: 

No enddata tag found about line #, Instrument object_name 
 
 
Problem: Typed a variable in the script that does not exist in the UDPdata.txt 
Error Message: 

No error messages displayed.  Needle just stops working. 
 
 
Problem: Dataref typo in udpdata.txt located in plugin. (note the “t” is missing in “pilot”) 
Error Message: 

FTS: ***DataRef does NOT EXIST, this will break the UDP Interface *** 
sim/cockpit2/gauges/indicators/airspeed_kts_pilo) 

 
 
 
Problem: Misspelled state_hide 
Error Message: 

Run-time error 438 
Object doesn’t suport this property or method 

 
 
 
Problem:  Illogical Conditional statement in the Driverlist: Example: 1=var_mag_comp 
Error Message: 

No valid expression right of operator in driver [variable_name]for instrument [object_name] 
about line [#] 

 
 
 
Problem:   Action_1: left out the 1 for this mulitdriveneedle 

Black screen in SimAVIO 
In runtime log:  ***Failed, [FTSUDP: GetIndex] index does not exist for : 

Correct your model in AC3D and type Control-r in SimAVIO to reload your model. 
Correct your model scripting errors in AC3D, then reload or reopen SimAVIO.  To reload SimAVIO, 

type Control – R.      If your model loads successful in SimAVIO, then press Control – i to display the 
Information and Control Window (Figure 4).  Select the checkbox labeled Test, (Figure 4, #1) to exercise the 
data in SimAVIO when X-Plane is not connected.   You are now ready to check the precision of your 
instrument, and that it was rendered in the correct drawing order.  

Drawing order problems 
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Scripting errors are not the only type of errors that you may have.  Other common problems are 
drawing order related.  As described earlier, objects on top must be at the bottom of the hierarchy list.  Figure  3 
shows an example of drawing order.   
 

          
Figure 3a: Incorrect order, as views in SimAVIO Figure 3b Figure 3c 
       Incorrect Correct 
 
Figure 3: Notice how the area around the needle in Figure 3a is not transparent like it should be.  This is a 
problem with drawing order.  Figure 3b shows what the needle looks like in AC3D with incorrect ordering in 
the hierarchy list.  Figure 3c shows the correct location of the needle in the hierarchy list. 
 

This airspeed needle was placed on top in the Z direction, however it was drawn first in the 
rendering execution.  To correct this problem, the needle polygon should be moved to the bottom of the 
hierarchy list. 
 

Incorrect variable assignment and calibration 

 
Return to the Information and Control Window in SimAVIO.  If it is no longer visible, type 

Control – i.  To confirm that your needle is assigned to the correct variable, type the FTS variable name (as 
defined in the text file udpdata.txt) in the Variable Name field (Figure 4, #2) and press ENTER.  While the 
cursor is still inside the window, you must press the ENTER key to register the variable. You can view up to 3 
variables in the Information and Control window. 

Deselect the Test checkbox so that you can write a value into the variable.  With the write 
checkbox selected, type the numeric value that you wish to write to the variable name defined in the window to 
the left of it (Figure 4, #3).   You must press the ENTER key to execute the write command to the variable.   
Confirm the needle position is overlaid correctly on the background image.    If necessary, calibrate the needle 
position by adjusting the startangle and stopangle in the AC3D Object Editor Dialogue window (Figure 3, #7).  
(See the Appendix for definitions associated with the tool name needle. ) Resave your model in AC3D, and type 
Control – r in SimAVIO to reload the model. 
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View the SimAVIO  log file and check for errors 
Sometimes problems are discovered by viewing the SimAVIO log window (Figure 4, #4) instead 

of the pop-up windows that appear during SimAVIO startup.  The log window is available on the Information 
and Control Screen, which is displayed by pressing Control – i on your keyboard.  The log window is a good 
place to verify that the textures and instruments are getting loaded from the correct location.  This window will 
also flag problems with parsing udpdata.txt, mapproperties.xml and keys.xml.  
 

1

2

4

3

 
 
Figure 4: To show the Information and Control Screen, type Control – i.  .   
 

Your model should now be bug free, calibrated and ready for the connection to X-Plane.  The next 
section will describe how to install the necessary plugins and supporting documents to X-Plane, checking for 
errors with the FTS Interface server, and troubleshooting common network problems.  

Set up and check the X-Plane server 
It is first necessary to install X-Plane version 9.  The installation can be on the same computer as 

SimAVIO, or on a separate computer connected over the same network.  You can download X-Plane at www.x-
plane.com/demo.   

Install the X-Plane plugins 
Installation of the plugins are needed to communicate with X-Plane, and to facilitate diagnostics 

and troubleshooting.   All plugins should be copied to the following folder: 
 

X-Plane9 Demo/Resources/plugins 
 

This folder was created during the installation of X-Plane.  Just drag and drop new plugins to this same folder.  
No special installation process is necessary,. 
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FTSInterface.xpl 

This plugin is unique to SimAVIO, and is the critical link between SimAVIO and X-Plane.  A 
copy of this plugin is supplied with the SimAVIO instalation.  The files reside in the root directory of your 
target installation location. (In the same folder as your SimAVIO executable)  Move the file FTSInterface.xpl 
into the X-Plane installed folder X-Plane9 Demo/Resources/plugins.  Create a copy of your current version of 
udpdata.txt, and place this in the plugin folder also.  If you modify udpdata.txt in your SimAVIO library, then 
you must create a duplicate of this in the X-Plane plugins folder.  If an installer was included with your 
purchase, then run the .exe setup file and point the installer to the plugins folder of X-Plane. 

ReloadPlugins.xpl 

The ReloadPlugins is usefull when you are having problems getting a handshake between 
SimAVIO and the FTS Interface in X-Plane.   Reload FTSInterface.xpl to refresh the network. 

DataRefEditor.xpl 

This plugin allows you to read or write into any X-Plane dataref.  

DataRefTester.xpl 

This plugin allows you to search and view any X-Plane dataref.  It is helpful for identifying the 
correct dataref to use in your FTS instruments.  By viewing the data while flying X-Plane, you can analyize 
how it behaves with specific user inputs. 

Start FTSInterface.xpl and check for errors in Log.txt 
After starting X-Plane, verify the plugins have loaded sucessfully.  From the X-Plane top menu 

bar, click Plugins to confirm that all plugins loaded sucessfully.   Check the log.txt file located in the X-Plane 
root directory to verify that all the Datarefs loaded correctly.  If the dataref was typed incorrectly in udpdata.txt, 
it will be flagged in the FTS section of log.txt. 

Check for connectivity by running both programs at once. 
With X-Plane running, start up SimAVIO.   To verify connectivity between the X-Plane plugin and 

SimAVIO, type Control – i to display the Information and Control Screen.  The box in the upper right corner of 
this window will flash green if a connection has been established.  If the green box is not flashing, go to X-
Plane and reload the plugins.  The reload.xpl plugin will reload all plugins located in the plugins folder. 
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SimAVIO: The Avionics compiler and interpreter 
This section is located in the Appendix because it should be treated more as a reference library.  

Refer to this library when working with the sample instruments included with Instrument Builder.  The sample 
instruments have a file name equal to the tool name in the reference library. 

 
IMPORTANT NOTE:  ALL SCRIPT DESCRIBED IN THIS TUTORIAL IS CASE 
SENSITIVE. UDP VARIABLE NAMES ARE ALSO CASE SENSITIVE. 

Basic syntax for SimAVIO scripting language 
Before we dive into the library of tools used to create instruments, it is helpful to first understand 

the basic syntax that is common to the scripts for all tools. 

userdata 
The first line in every script begins with the word userdata.   

Tool name 
The tool name is the second line of every script.  SimAVIO has seventeen available tools to choose from for 

creating instruments, maps, and navigation flight management systems.   The tools are listed below in the order 
presented in this section: 
 

1. onofffail 
2. needle 
3. translatetexture 
4. textmarker 
5. slider 
6. sliderx 
7. redx 
8. rollup 
9. ladder 

10. compass 
11. timer 
12. button 
13. tumbler 
14. horizon 
15. multidriveneedle 
16. viewport 
17. textport 

 

driverlist 
The third line in every script is the word driverlist.  Following the word driverlist, the user types a 

condition followed by the action if the condition is met.  Conditions and actions are separated by a “:” with no 
spaces in between. You may enter as many condition:action combinations as you wish on the driverlist line.  
Each condition:action combination is followed by a space to separate them.  To improve readability of the 
script, it is recommended you start each condition:action combination on a new line.  Use the notation “_” to 
designate the continuation of the driverlist.   As an example 
 

Vind_kias=20:action_1 _ 
Vind_kias=40:action_2 
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(note the space underscore “_” after the first line) 
 

The SimAVIO compiler will process each condition:action in the driverlist until a condition is 
satisfied.  If the compiler meets a condition that is true, it will execute that action, and proceed no further in the 
driverlist.  If none of the conditions are met in the driverlist, no actions will be executed. 

Conditional statements 
There are five possible Boolean operators that can be used in SimAVIO.  Even so, due to the 

sequential execution of conditions in the driverlist, these five operators are really all you need to create complex 
conditional statements. 
 

·  > (greater than) 
·  < (less than) 
·  = (equal to) 
·  && (and) 
·  <> (not equal to) 

 
Multiple conditions can be used together with a single action.  As an example: 
 

engok=false && gpsok=false:action_1 
 
When the engine computer has failed, and the GPS computer has failed, then execute action 1 (where action 1 is 
described later). 
 
Or as a second example: 
 

rpm_prop>200 && RPM_prop<1000:action_1 
 
When the prop rotations per minute are between 200 rpm and 1000 rpm then execute action 1. 
 

Generic Actions 

state_hide 

This action will hide the polygon if the condition preceding it is met. 

state_show 

This action will show the polygon if the condition preceding it is met. 

Tool specific actions 
The action var_variablename indicates that if the condition preceding it is met, then use a variable 

to drive the tool specified in line two of the script.  For example: 
 

userdata 
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needle 
driverlist 1=1:var_Vind_kias 
……. 
 

The condition 1=1 is true, so the needle will be driven by the variable Vind_kias. 

Tool properties 
The next several lines after the driverlist may or may not be necessary depending on the tool that is 

used.   For the needle tool, you will need to define the start and stop angle of the needle in addition to the start 
and stop values for the variable driving the needle.  Tool properties for each tool are described separately in this 
appendix. 

donotdisplay (optional) 
The next line after the list of tool properties is the word donotdisplay.  This is an optional 

statement and is used primarily with textmarker tools.  In short, it will hide the polygon that is used to define the 
position of the text. 

enddata 
This is a very important line in the script because is closes the loop for the script attached to the 

polygon.  Bad things happen you don’t include this line, or misspell it by mistake. 
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Basic Tools 
The next section of the appendix describes all seventeen tools used in SimAVIO 

onofffail 
onofffail is a tool that allows you to hide or show the polygon.  In the driverlist section, you set 

the conditions and determine if you want the polygon to disappear if the condition is met, or show if the 
condition is met.   

driverlist condition:statehide (or stateshow) 

needle 
needle is a tool name that may be misleading.  Generically, this is a tool that animates the 

polygon by causing it to rotation about a specified position in the Z axis.  By default, the rotation position is 
at the center of the polygon.  To specify the position of rotation at a point other than at the center, hover 
your mouse over the target axial location, and record the X,Y coordinates displayed at the top of the AC3D 
window.  Type these coordinates in the Object Properties dialogue window fields labeled loc x and loc y.  
(Figure 3, #7)   

driverlist condition:var_variablename 

Tool properties 

startangle 

This is the angular position (in degrees) where the needle will start its rotation.  The angle is 
measured relative to the current position of the polygon.   Degrees in the counterclockwise rotation are 
negative, and degrees in the clockwise direction are positive.  For simplicity, I normally draw the polygon at 
the center of the rotational travel for the needle.  Therefore, the startangle value is negative.  For the 
example in Figure 3, the startangle is 0. 

stopangle 

This is the angular position (in degrees) where the needle will stop its rotation.  Similar to the 
startangle, the value will be positive if the polygon is drawn at the center of rotational travel. 

startvalue 

This is the start value for the variable that is driving the needle.   If the lower range of a speed 
gauge is 20 knots, then startvalue is 20.  (Figure 3) 

stopvalue 

This is the start value for the variable that is driving the needle.  If the upper range of a speed 
gauge is 180 nots, then the stopvalue is 180.  (Figure 3) 
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translatetexture 
translatetexture is a tool that allows you to swap textures that are applied to a polygon.  
 

driverlist  condition1: txstate_1 _ 
    condition2: txstate_2 

Tool properties 
txcord x1 y1 
txcord x2 y2 

 
To determine the coordinates for each texture, select the polygon first, then type F10 to enter 

the Texture Coordinate Editor.  Hover your mouse over the center of the green box, then record the X1 
and Y1 coordinates.  Now hover your mouse over the center of the second texture, and record the X2 and 
Y2 coordinates.   

textmarker 
Textmarker is a tool that allows you to display text anywhere on your instrument.  To create 

text, first draw a small rectangular box to define the position of your text.  The center of the polygon that 
you draw defines the bottom edge of your text.  Do not be confused in thinking that the box defines the 
bounds of your text area. 

driverlist condition:textstate_# 

Tool properties 

text str 

You may type a word after str, or you may type # followed by a variable name to display the data 
output from the specified variable.  For example: 
 

text str Hello World 
Or 

text str #Vind_kias 

text color 

Text color is defined by its primary colors, Red, Green and Blue.  Each color has a range 
from 0 to 1.  The four digit defines the transparency of the text.  1 is fully opaque, while 0 is transparent.  
For example: 
 

text color 1 1 1 1  (white) 
text color 0 0 0 1 (black) 
text color 1 0 0 1 (red) 
text color 0.5 0.5 0.5 1 (grey) 

text scale 
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text scale defines the size of the text.  The units are not font size.  Typical text scale is from 
0.08 to 0.25. 

text center (or right or left) 

text center or text right or text left defines the alignment of the text relative to the center 
position of the polygon. 

text bold (optional) 

Leaving this statement out will default to normal (non-bold) font 

text format 

text format 0.0 (or 0.00 or 0.000 or 00.0 etc…..) 

text format describes the number of significant figures for variables that are 
displayed. 

text style freq 

Special text format for displaying radio frequencies. 

text style stationName 

Special text format for displaying navigation aids 

text style hh:mm:ss 

Special text format for displaying time.  

donotdisplay 

The word donotdisplay is included with the textmarker script because the polygon used to 
define the position of the text needs to be hidden from view when the instrument is rendered. 

slider (Instrument Builder PRO only) 
slider is a tool that allows you to animate a polygon in the Y direction.  This is commonly 

used for bugs on an EFIS.   It is important to place your polygon in the center of the range of motion.  In 
short, the polygon will travel UP the same distance that it travels DOWN. 

driverlist condition:var_variable 

Tool properties 

instlimitupper 

Hover your mouse to the upper limit for the range of motion in the Y direction.  Record the Y 
coordinate, and type this value here. 

instlimitlower 

Hover your mouse to the lower limit for the range of motion in the Y direction.  Record the Y 
coordinate, and type this value here.  The value should be the same as Instlimitupper. 
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startvalue 

This is the lower limit for the variable that will drive the animation of your slider polygon. 

stopvalue 

This is the upper limit for the variable that will drive the animation of your slider polygon. 

sliderx  (Instrument Builder PRO only) 
sliderx is a tool that allows you to animate a polygon in the X direction.  It is important to 

place your polygon in the center of the range of motion.  In short, the polygon will travel LEFT the same 
distance that it travels RIGHT. 

driverlist condition:var_variable 

Tool properties 

instlimitupper 

Hover your mouse to the upper limit for the range of motion in the X direction.  Record the X 
coordinate, and type this value here. 

instlimitlower 

Hover your mouse to the lower limit for the range of motion in the X direction.  Record the X 
coordinate, and type this value here.  The value should be the same as Instlimitupper. 

startvalue 

This is the lower limit for the variable that will drive the animation of your sliderx polygon. 

stopvalue 

This is the upper limit for the variable that will drive the animation of your sliderx polygon. 

redx (Instrument Builder PRO only) 
redx is a very specialized tool that has only been used to place a large red X across the 4 

corners of a rectangle.  It was used for an EFIS to cross out gauges that could not be relied on because the 
computer used to display the data had failed. 

driverlist condition:var_variable 

rollup (Instrument Builder PRO only) 
rollup is a tool that animates a bar that grows or shrinks in size in the Y direction.  Rollups 

are commonly used in an EFIS to indicate engine temperature, or fuel quantity. 

driverlist condition:var_variable 

Tool properties 

starvalue 
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This is the lower limit for the variable that will drive the animation for the polygon. 

stopvalue 

This is the upper limit for the variable that will drive the animation for the polygon. 

instscaling 

= 1 / (stopvalue – startvalue) 

rolluporientation 

This value is equal to zero for bars that animate in the Y direction.   

linearoffset 

If the scale of the bar does not start at zero, then type the value for the variable at the bottom 
of the animation.  For example, a bar that displays temperatures between 100 and 500 degrees, the 
linearoffset = 100, startvalue=100 and stopvalue=500. 

Ladder (Instrument Builder PRO only) 
The ladder tool was designed to draw the tick marks and digits on the airspeed and altitude 

tapes used in an EFIS display. 

driverlist condition:var_variable 

Tool properties 

ladderposition 

 

spacing 

Minor tick interval in units of the variable used to drive the animation. 

range 

Visible range for the ladder of the variable used to drive the animation.   For example, an 
airspeed tape that only displays 50 knots at any time, then the range = 50. 

instlimitupper 

Upper limit (max) for the data that drives the ladder 

instlimitlower 

Lower limit (min) for the data that drives the ladder 

majorlength 

Length of the major tick marks in database units 

minorlength 

Length of the minor tick marks in database units. 
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startvalue 

Lower limit of the variable used to drive the animation. 

stopvalue 

Upper limit of the variable used to drive the animation. 

majorlinethickness 

The line width of the major tick marks in # of pixels.  This property also defines the line 
thickness of the vertical ladder lines. 

minorlinethickness 

The line width of the minor tick marks in # of pixels. 

nminorticks 

Number of minor ticks between each major tick mark 

text str 

text offset 

This defines how far the text is placed from the edge of the ladder. 

text color 

text color is defined by its primary colors, Red, Green and Blue.  Each color has a range from 
0 to 1.  The four digit defines the transparency of the text.  1 is fully opaque, while 0 is transparent.  For 
example: 
 

text color 1 1 1 1  (white) 
text color 0 0 0 1 (black) 
text color 1 0 0 1 (red) 
text color 0.5 0.5 0.5 1 (grey) 

text scale 

text scale defines the size of the text.  The units are not font size.  Typical text scale is from 
0.08 to 0.25. 

 

Compass  (Instrument Builder PRO only) 
The name compass is a misnomer, because the tool is not used to create the magnetic 

compass.    Instead, this tool is used for the EFIS HSI on the glass instruments.  For the analogue gauge 
HSI, directional gyro, VOR and ADF, we use a texture and animate it with a needle.  For the EFIS HSI, 
the compass instrument is necessary because the compass labels on the rose do not rotate upside down 
with the rose. Instead, the EFIS rose labels maintain their upright position. 

driverlist: condition:var_variable 
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Tool properties 

aspectratio 

The aspect ratio is always equal to 1 for this tool 

majorlength 

Length of the major tick marks 

minorlength 

Length of the minor tick marks 

startangle 

Angle in degrees where the compass will start 

stopangle 

Angle in degrees where the compass will stop 

spacing 

Spacing in degrees of the minor tick marks 

radius 

Radius of the compass in database units (output from the model in AC3D) 

majorlinethickness 

Thickness of the major tick marks in pixels 

minorlinethickness 

Thickness of the minor tick marks in pixels 

nminorticks 

Number of minor tick marks between each major tick mark 

text str 

Leave this blank 

text bold (optional) 

Makes the text bold.  Default is regular when this line is left out. 

text center (or left or right) 

Text alignment of the compass degree labels relative to the outer edge of the compass rose. 

text color 

text color of the degree labels.  Text color is defined by its primary colors, Red, Green and 
Blue.  Each color has a range from 0 to 1.  The four digit defines the transparency of the text.  1 is fully 
opaque, while 0 is transparent.  For example: 
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text color 1 1 1 1  (white) 
text color 0 0 0 1 (black) 
text color 1 0 0 1 (red) 
text color 0.5 0.5 0.5 1 (grey) 

text scale 

Text scale of the cardinal point lables.  Text scale defines the size of the text.  The units are 
not font size.  Typical text scale is from 0.08 to 0.25. 

text spacing 

Spacing in degrees between the compass degree labels.   
 
 

text radius 

Radius in database units of the compass degree labels relative to the center of the compass 
rose.  

drawring 

The draw ring is the dotted circle that you sometimes see on a compass rose at half the radius 
of the outer circle.  Make this value equal to zero to hide the draw ring.  The properties of the dotted line, 
or thickness of the draw ring are not properties that can be set in SimAVIO. 

enddata 

This line is required in the scripts for all tools. 

Timer  (Instrument Builder PRO only) 
Timer is a very common tool used in the startup sequence of an EFIS, GPS or FMS.  Timers 

are also common for flashing text or graphics.  Units are in WHOLE seconds, and not fractions of a 
second.  You need to create a new UDP variable to use this tool, or you can use one of the timer variables 
that are all ready available in the FTS variables section of udpdata.txt.  

driverlist  
All three of these drivers must be included in the driverlist when you are creating a timer.   
 

·  timerreset 
·  timerstop 
·  timerrun 

condition:state_timerreset 

Resets the timer to zero when the condition is met. 

condition:state_timerstop 
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Stops the timer at any point when the condition is met. 

condition:state_timerrun 

The timer will run as long as this condition is met.  

Tool properties 

Timer udp_variable_name # 

Type the word “timer” followed by a space, followed by the FTS variable name followed by 
another space, followed by the total number of seconds that you wish the timer to run for.   
 
 Example: timer taxitimer -33 
 

In this example, the variable taxitimer is defined with a total time of 33 seconds.  The 
negative sign denotes that the timer will start at 33 and count DOWN to zero, then remain at zero.  If the 
example read +33, the timer would start at zero and count UP to 33, then stop and remain at 33.  

Button 
button is a powerful tool that allows you to create touch senative areas on the screen, and write to 

a variable when you click the mouse while over the area.  You must asign an ascii key (or sequence of 
keys)  to the button.    

The button tool is used in conjunction with a supporting XML document called keys.xml that is 
located in the libraries folder of  SimAVIO.  Keys.xml is a look-up table that equates the button ascii 
codes in the model with the ascii codes that are output from real hardware buttons and knobs.  A sample 
section from keys.xml is captured in the figure below.   

 

 
 

FTS_code is the code in the instrument model script that is asigned to the given button.  
Keystroke is the ascii code equivalent of the FTS_code.  Only letters a-z and 0-9 can be asigned to 
keystrokes. Keystrokes are used when you wish to use your keyboard to activate a button.  
Hardware_code is the code that is output from hardware bezels that contain real knobs and buttons. 
   

No two button codes can be asigned the same ascii code within a given cluster of 
instruments running together at the same time in SimAVIO.   The polygons that define the touch 
sensative areas must always be drawn on top.  (the highest point in the Z direction)  If not, then the 
button will not register when you try clicking on it.  The buttons should also be drawn last in the 
hierarchy list.   

driverlist condition:buttonstate_# 
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Tool properties 

btntype 

There are three types of buttons.  The simplest button writes a given numeric value to a 
given variable.  This type of button is called set.    A counter button (type cnt) is slightly more complex 
because it can increment a numeric value by a given spacing with each sequencial press of the button.  
The third type, Select Counter (type sel_cnt),  writes to two different variables.  The first press of the 
button sets variable 1, while subsequent presses of the button starts a counter that works in a similar 
fashion to type cnt.  To define the variable that you wish to write to, use the command btndrivesvariable 
followed by the FTS variable selected from udpdata.txt.  To define the ascii output code, use the 
command btnkeyassigned followed by the FTS_code that you wish to use.  This FTS_code is the same 
code that is assigned in keys.xml.  See the sample example script: 
 

userdata 
button 
driverlist engok=true:buttonstate_1 
btntype set 
btnkeyassigned b 
btndrivesvariable inset_page 
….. more script continued here later….. 

 
The following script will write to variable inset_page and it is assigned the keystroke code b. 
 

Group 
All buttons must be grouped together under a node called “buttonGroup”.    Just cut 

and past the following script into the group level object properties dialogue box.  The same script 
can be used for all button groups.  You can have as many button groups in your instrument as you 
wish. 
 

userdata 

buttonGroup 

driverlist   1=1:state_buttonGroup 
 
btntype group 
btnchildselected 1 
btndrivesvariable avidn_s-rgt 

enddata 
 

set 
This type of button is used to write a numeric value to a given variable.  Example: 

 
userdata 
button 
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driverlist engok=true:buttonstate_1 
btntype set 
btnkeyassigned b 
btndrivesvariable inset_page 
btnsetop 8 
enddata 

 
This script will write an 8 to the variable inset_page when the variable engok is true.  The 
keystroke asigned to this button is the letter b. 

cnt 
Button type cnt increments a numeric value by a given spacing with each 

sequencial press of the button. 

btnstart # 
Btnstart defines where the button will start.  Only a numeric value is allowed. 

btnstop # 
Btnstop defines where the button will end.  Only a numeric value is allowed. 

Btnincrement # 
Btnincrement defines the spacing between the values in the counter each time 

the button is pressed or the mouse is clicked. 

Btnstopatlimit 
Btnstopatlimit is a command that is optional in this button type.  If the line is 

included, then the button will count, however when it reaches the btnstop value, it will stop 
and NOT recycle back to the btnstart value.  Without this command, by default the button 
counter value will recycle if the button is pressed after reaching the limits of the counter.  
Example script below: 
 

userdata 
button 
driverlist engok=true:buttonstate_1 
btntype cnt 
btnkeyassigned b 
btndrivesvariable inset_page 
btnstart 8 
btnstop 0 
btnincrement -1 
btnstopatlimit 
enddata 
 
This script will create a counter button that writes to the variable inset_page.  

It will start at 8 and count DOWN to 0, at which point it will stop the counter, even if you 
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continue to press the button.  In addition to using the mouse, the button also works by 
pressing the letter b on your keyboard.   

sel_cnt 
Button type Select Counter (type sel_cnt),  writes to two different variables.  

The first press of the button sets the button group variable, while subsequent presses of the 
button starts a counter that writes to the variable following the command btndrivesvariable.  
This type of button is uncommon, and used only on the Avidyne Entegra. 

btnstart # 
Btnstart defines where the button will start.  Only a numeric value is allowed. 

btnstop 
Btnstop defines where the button will end.  Only a numeric value is allowed. 

btnincrement 
Btnincrement defines the spacing between the values in the counter each time 

the button is pressed or the mouse is clicked. 

buttonsetudp (optional) 

buttonsetudp is a command that can be appended to any button type before the 
enddata command.  In addition to the first variable that is written by the button command, 
buttonsetudp allows you to write up to three additional variables.  For example:  
 

...... 
btnsetudp mappage 1 
btnsetudp1 wptpage 1 
btnsetudp2 cursor 1 
enddata 

 
The tale end of this script was added so that when you press the button,  you also set 

the Map page to 1, the Waypoint page to 1 and the Cursor to 1.  Please note how a 1 and 2 digits 
are appended to the butnsetupd for the second and third commands.  There is a limit of three total 
btnsetudp declarations allowed. 
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Advanced Tools  
Ladders, rollups and sliders were defined in the Standard tools section.  Several more advanced 

tools used on an EFIS are the horizon and tumber.  They are classified as advanced because the the instrument 
scaling factor needed to produce the tool requires careful calibration and calculation.  

 

Rollup

sliderX

sliderHorizon

Tumbler

Textmarker

ladder

 
 

Tumbler  (Instrument Builder PRO only) 
The tumbler is a tool that scans a window along the y axis over a texture.  Common uses of this 

tool are the the airspeed and altitude indicators for an EFIS display.  It is also used for the magnetic compass, 
the analogue barometric setting indicator, and the airspeed limitiations reference color bar  on the EFIS 
displays.  Please note this important rule for tumbers:  the texture used for a tumber must terminate at the top 
and bottom edges of the PNG image file.   
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Top 
edge of 
the PNG 

file

Bottom 
edge of 
the PNG 

file

Green box 
defines the 

tumbler 
window

D
irection of m

otion for green box

 

driverlist condition:var_variable 

Tool properties 

instscaling 

instscaling property for the tumbler tool defines the speed at which the window moves for the data 
driving the window.  Instscaling = (Height of green box area / data range of the green box area)*10.  For the 
example at right, the height of the green box area is 0.1.  The height can be measured by moving your mouse 
over the top and bottom edges of the green box, and recording the coordinates diplayed in AC3D.  The top edge 
of the PNG file is always 1 and the bottom edge is always 0.  The green box is 1/10th the total height of the 
PNG.  The example at left is the airspeed tumber in the 1’s place.  Therefore, the green box height is equal to 1 
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knot.  Instscaling = (0.1/1)*10 = 0.1  The airspeed tumber instscaling in the 10’s place would equal (0.1/10)*10 
= 0.01.  The 10’s place tumber window would move at 1/10th the speed of the 1’s place tumbler window. 

floor 

The Floor property is used only for tumbers that display numbers, like the airspeed and altitude 
indicators on the EFIS.  The input range for floor is 0.1 to 1.  The floor is 1 for a window that moves 
continuously over the texture.  A floor less than 1 will move the window over the texture in a digital behavior 
instead of a smooth continuous behavior.  For example a floor of 0.8 will set the behavior of the window such 
that it will not move from its current position of 0 to the next position, 1, until the data driving the window 
exceeds 0.8.  On the other hand, if the window is moving down (decreasing in value), the window will not move 
from 1 to 0 until the data driving the window is less than 0.2.   

leadingzero (true or false) 

The Leadingzero property is used only for tumbers that diplay numbers.  In an altimeter tumber 
that has a 10,000's place and leadingzero= true, an altitude of 1000 feet will read 01000.  The leadingzero=false, 
the zero willl be replaced with a black space. 
 

Horizon   
The horizon tool is very specific because it is only used to create the artificial horizon for an 

analogue gyro or for a MEMS type EFIS horizon.  The example below is the horizon from the FTS1000 
(Garmin G1000 simulation).  In addition to the instrument scaling factor needed for the tumbler, the horizon 
also needs a second factor called the aspect ratio. 
 

driverlist condition:var_nodriver 
Do not specify a variable for var_.  Pitch and roll are both needed to drive the artificial horizon, so 
use the getpitchfrom and getrollfrom tags specified in the tool properties.  Use the placeholder 
nodriver because there is no variable specified here. 

Tool properties 

getpitchfrom 

 Defines the UDP variable to drive the pitch for the artificial horizon 

getrollfrom 

 Defines the UDP variable to drive the roll for the artificial horizon 

instlimitupper  

instlimitupper defines the UP pitch limit for the horizon.  In this example, the horizon can pitch up 
as much as 60 degrees above the horizon. 

instlimitlower 

instlimitlower defines the DOWN pitch limit for the horizon.  In this example, the horizon can pitch down as 
much as 30 degrees below the horizon. 
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instscaling 

Follow these steps to calculate the instrument scaling. 
 

1. Measure the height of the horizon in database units.  In this example the height of the poly is 4.55.   
2. Measure the number of database units / degree of pitch.   

a. With the pitch ladder texture visible for reference, measure the number of database units for 
any pitch range that you wish.  In this example, I took a 30 degree range and measured that 
distance to be 1.28 database units.  

b. Divide 1.28 / 30 degrees to give you the database units / degree 
3. Step 1 / Step 2 will give you the # of degrees for the full height of the polygon = 107 
4. Measure the texture height (gree box) in the Texture Coordinate Editor (F10).  = 0.348 
5. Calculate Instscaling:  Intrument scaling factor = (height of green box / pitch degrees for the entire 

polygon) = 0.0033 
 

4.55 = Height 
of the polygon 
in database 

units1.28 database 
units / 30 degrees

107 = T
otal pitch degrees for horizon

Green box 
aspect ratio 

(h/w) = 1.275

Total texture 
aspect ratio 

(h/w) = 1
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G1000

database units for horizon poly 4.55

databse units / deg (measured off pitch ladder) 0.043

 pitch degrees for entire horzon 106.6

height of texture map (green box) 0.348
Intrument scaling factor (height of green box / pitch 
degrees for the entire polygon) 0.0033

total_texture_height / total_texture_width 1.000

green_box_height / green_box_width 1.275

aspect ratio = total / green_box 1.275  

aspectratio 

The aspectratio is calculated as follows: 
 

1. Go to the Texture Coordinate Editor window for the horizon polygon 
2. Calculate the total texture width / total_texture_height.  This value is always equal to 1 because the 

horizon polygon uses a dedicated texture.  i.e. no other polygon textures are used with this image file. 
3. Calculate green box ratio: green_box_height / green_box_width 
4. Calculate: aspectratio = total ratio (1) * green_box ratio 

 

texturemode clamp (optional) 

Add this line to the script for EFIS horizons.  SimAVIO takes the pixel on the top (or bottom) and 
sides, and replicates that pixel.  
 
Special notes for the horizon: 
If you want the axis of pitch and rotation to be shifted to one side on the polygon (like the G1000), then you 
must specify this axis in the LOC X field at the top of the object properties dialog window. 

Multidriveneedle 
The multidriveneedle is a tool that allows you to combine multiple tools into a single script.  The 

following tools can be combine. 
 
Examples of multidriveneedle include: 

1. Course Deviation Needle because this polygon requires a rotation and a translation at the same time. 
2. Writing to multiple variables depending on specific conditions in the driverlist.  This is used commonly 

for timers and triggers during system startup of an EFIS.   

driverlist condition:action_# 
You can add as many actions as you like to the driverlist.  The action properties must be ordered 

with action_1 first and each consecutive action action thereafter…2,3,4…. 

tooltype:#variable*instscale:# 
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Replace the word tooltype with any of those listed below:  rotatez, scaley, translatey, translatex or 
setudp.  After the # sign, type any variable name.  After the * sign, type Instscale followed by any scaling value 
that you wish as a multiplication factor (like gain). 

Tooltypes 

rotatez 
rotatez rotates the polygon around the Z axis. 

scaley 
scaley is always set at 1. 

translatey 
translatey shifts the polygon in the Y direction.  This is similar to the Slider tool.   

translatex 
translatex shifts the polygon in the X direction.  This is similar to the SliderX tool.  Example: 

 
userdata 
multidriveneedle 
driverlist  1=1:action_1 
 
action  rotatez:#crs2pointer*instscale:-1 _ 
 translatex:#VOR2_hdef*instscale:0.25 
 
enddata 

 
If you are rotating and translating, then the translation axis is defined by the position of the polygon in the 
model. 

setudp 
setudp writes any variable or number into another variable.  Example: 

 
userdata  
multidriveneedle  
driverlist   powertimer>168:action_1 _  
 avio_0/1=0:action_2 
 
action  setudp:#adcok:1 _ 
 setudp:#engok:1 _ 
 setudp:#hdgok:1 _ 
 setudp:#attok:1 _ 
 setudp:#gpsok:1 
'comment: after 168 second alignment, the Red X's go away  
 
action  setudp:#adcok:1 _ 
 setudp:#engok:0 _ 
 setudp:#hdgok:0 _ 
 setudp:#attok:0 _ 
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 setudp:#gpsok:0 
'comment: when the master avionics switch is turned off, the RedX's are reset to appear at the next power up.  
donotdisplay  
enddata  

Viewport  (Instrument Builder PRO only) 
The viewport tool is used to draw maps.  The size of the map is defined by the size of the polygon 

drawn in the model.   

Required supporting documents 
The properties of the map are not only defined in the script for the polygon, but also in a document 

called mapproperties.xml and also an image called mapsymbols.png.   

Mapproperties.xml 

Mapproperties.xml allows you to set the colors for the map, define the declutter settings for each 
type of map object (i.e. VOR’s, Obstacles, etc.).  You may have as many different types of maps as you wish.  
Each map type is defined with a sytle name.  The style name is referenced in the Object Properties script in 
AC3D.  You may modify mapproperties.xml as you wish, but you must not rename the file.  This xml document 
is well commented, so details will not be presented in this manual. 

Mapsymbols.png 

Mapsymbols.png is a PNG image file will all of the map symbols used inside the map.  In additon 
to the text and numbers used on the map, you will find map symbols such as VOR’s, NDB’s, obstacles and 
others.   Each symbol is spaced evenly by the same number of pixels.  They are ordered from left to right from 1 
to 126.  The number equates to the ASCII code.  (See ASCII table http://www.asciitable.com) You may modify 
the symbols as you wish, or switch them out with others if you need to change them.   

driverlist condition:viewport_# 

Tool properties 
Each of the tool properties must be included in every viewport script, and in the following order.  

This order can not be modified, and no property can be left out.  The following script is an EXAMPLE. 

lat_deg 

The FTS variable that drives the latitude of the map position. 

lon_deg 

The FTS variable that drives the longitiude of the map position.    

MFD_rangenm 

Defines the zoom level of the map.  The name of the attribue in mapproperties.xml is from the 
element nmoutput.    
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