
 

 

Piccolo Simulator 

September 23, 2011 

 

Author: 

Bill Vaglienti / Marius Niculescu / Jeff Hammitt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2621 Wasco Street / PO Box 1500 / Hood River, OR 97031 

(541) 387-2120 phone / (541) 387-2030 fax 

www.cloudcaptech.com  / sales.cct@goodrich.com / support.cct@goodrich.com 

 

Cloud Cap Technology, a Goodrich Company 



2621 Wasco Street / PO Box 1500 Hood River, OR 97031 / 541.387.2120 / www.cloudcaptech.com 
 

Piccolo Simulator 9-23-11                                                                                      Page 2 of 51 

Table of Contents 

1 Introduction ............................................................................................................................. 5 

2 Dynamics Model Overview .................................................................................................... 6 

3 Creating Simulator Model Overview ...................................................................................... 7 

4 Aerodynamic Model ............................................................................................................... 7 

4.1 AVLEditor Commands ................................................................................................... 8 

4.2 Aircraft Editor ................................................................................................................. 8 

4.3 Surface Editor ................................................................................................................. 9 

4.3.1 New Section .......................................................................................................... 11 

4.3.2 Control Surfaces.................................................................................................... 12 

4.3.3 Geometric Translation .......................................................................................... 14 

4.3.4 Vortex Lattice ....................................................................................................... 15 

4.4 Body Editor ................................................................................................................... 16 

4.5 XFOIL Analysis ............................................................................................................ 17 

4.6 AVL Analysis ............................................................................................................... 19 

4.7 Control Surfaces............................................................................................................ 20 

5 Inertia Model ......................................................................................................................... 21 

6 Propulsion Model .................................................................................................................. 22 

6.1 Engine Models .............................................................................................................. 23 

6.1.1 Piston Engine Model ............................................................................................. 23 

6.1.2 Electric Motor Model ............................................................................................ 24 

6.2 Engine Actuator Models ............................................................................................... 25 

6.2.1 Fixed-Pitch Propeller Model ................................................................................. 26 

6.2.2 Simple Rigid Rotor ............................................................................................... 28 

6.2.3 Helicopter Main Rotor .......................................................................................... 29 

6.2.4 Helicopter Tail Rotor ............................................................................................ 34 

7 Landing Gear Model ............................................................................................................. 36 

8 Sensor Models ....................................................................................................................... 39 

9 Actuator Models.................................................................................................................... 41 

10 Launcher Model ................................................................................................................ 42 

11 Initialization ...................................................................................................................... 43 



2621 Wasco Street / PO Box 1500 Hood River, OR 97031 / 541.387.2120 / www.cloudcaptech.com 
 

Piccolo Simulator 9-23-11                                                                                      Page 3 of 51 

12 Piccolo Parameters ............................................................................................................ 43 

13 Installation and Operation ................................................................................................. 44 

13.1 Installing FlightGear ..................................................................................................... 45 

13.1.1 FlightGear Version 0.9.2....................................................................................... 45 

13.1.2 FlightGear Version 0.9.4 /  0.9.8 / 0.9.9 / 0.9.10 .................................................. 45 

13.2 Starting Simulator ......................................................................................................... 45 

13.3 FlightGear View Options .............................................................................................. 46 

13.4 Displaying Multiple Aircraft......................................................................................... 48 

13.5 Displaying Custom 3-D Aircraft Models ...................................................................... 49 

14 Appendix ........................................................................................................................... 50 

14.1 Inertia Data.................................................................................................................... 50 

14.2 Stability Derivative List ................................................................................................ 50 

14.3 Prop Example File......................................................................................................... 51 

 



2621 Wasco Street / PO Box 1500 Hood River, OR 97031 / 541.387.2120 / www.cloudcaptech.com 
 

Piccolo Simulator 9-23-11                                                                                      Page 4 of 51 

Piccolo Simulator Change Log 

September 23, 2011 
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Section 2: Added Simulator model graphic. 



2621 Wasco Street / PO Box 1500 Hood River, OR 97031 / 541.387.2120 / www.cloudcaptech.com 
 

Piccolo Simulator 9-23-11                                                                                      Page 5 of 51 

1 Introduction 

Piccolo is an avionics system for flying small unmanned aircraft. A cornerstone of Piccoloôs 

development environment is the hardware-in-the-loop (HiL) and software-in-the-loop (SiL) 

simulation system. The Simulator allows the aircraft control laws and mission functionality to be 

tested without risking hardware in flight test. Although HiL/SiL simulation can not replace flight 

testing, it measurably reduces the likelihood of failure by detecting bugs and deficiencies in the 

lab. To facilitate this function, the Piccolo Developers Kit includes a Simulator that can be used 

to test the performance of a Piccolo implementation.  

Hardware-in-the-Loop 

In HiL mode the Simulator uses an external CAN interface to connect to an avionics. Piccolo 

sends servo control information over the CAN bus, and accepts external sensor data on the CAN 

bus. The Simulator runs on a PC with a CAN interface card and closes the loop by reading the 

actuator positions, applying them to an aircraft dynamics model, calculating new sensor data, and 

putting that data on the CAN bus. 

FlightGear 

In order to visualize the state of the aircraft the Simulator sends UDP network packets to another 

PC running the open source FlightGear Flight Simulator (FGFS) program. FlightGear accepts the 

simulation state packets in favor of its own dynamics model, when properly configured for this. 

This provides an attractive graphics interface for visualizing the performance of the aircraft. 

 

 

 

 

Figure 1 - Hardware-in-the-Loop (HiL)  
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SiL is largely the same except the avionics is virtualized as an application on the PC 

(PiccoloPC.exe) and the Simulator connects to that application over a TCP socket interface. This 

is useful for cases where a full hardware laboratory is not available. 

 

 

Figure 2 - Software-in-the-Loop 

2 Dynamics Model Overview 
The heart of the Simulator is the dynamics model

1
. It is the sum of all the components that affect 

the dynamics and kinematics of the aircraft, including: aerodynamics, propulsion, ground contact 

forces, and inertia effects. The dynamics model contains an integration method that estimates the 

state of the aircraft based on the previous state and new control surface signals. 

 

Figure 3 - Aircraft Body Axes used by Simulator  
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There are seven main components of the dynamics model. Each of these components are defined 

or referenced in the main Simulator input text file.  

¶ Aerodynamics Model   

¶ Propulsion Model 

¶ Sensor Model 

¶ Actuator Model 

¶ Launcher Model. 

¶ Inertia Model 

¶ Landing Gear Model 

 

3 Creating Simulator Model Overview 
The following are the basic steps for developing an aircraft model for the Simulator: 

1. Measure aircraft geometry, pull data 

from 3-view / solid model 

2. Determine CG location 

3. Create AVL model 

4. Refine AVL model with XFOIL data 

5. Generate XML aerodynamics model 

file 

6. Model aircraft inertia data  

7. Create prop model 

8. Create Piccolo Simulator model 

template 

9. Set up Piccolo autopilot configuration 

(control surfaces, tail configuration, 

aircraft parameters) 

10. Test with software-in-loop simulation 

and FlightGear visualization 

11. Verify manual control response, 

required control surface limits 

12. Generate autopilot gains 

13. Load the aircraft file into the Simulator 

14. The model is now ready for simulation 

4 Aerodynamic Model 
To create the aerodynamic model for the Piccolo Simulator, CCT leverages off a program called 

AVL. AVL is a vortex lattice code developed by Prof. Drela of MIT that models linear 

aerodynamics with a few nonlinear extras. It is useful for modeling unusual aircraft 

configurations. So far Cloud Cap has used it to successfully model 20 aircraft. As with all 

aerodynamic models, it is critical to compare models results with real world dynamics. One of 

the draw backs of the AVL  program is the text based interface. AVLEditor is a program 

developed by Cloud Cap to visually simplify the modeling process by using a graphical user 

interface (GUI). 

Standard AVL models are generated using a keyword text based data input. AVLEditor replaces 

this text based data input with a GUI based data entry system that generates a properly formatted 

AVL data file for you. Cloud Cap modified the stock AVL code to output an XML file of the 

stability derivatives representing a virtual wind tunnel angle of attack sweep. This XML file is 

then used for the aerodynamics model in the Simulator. For more detailed information on the 

specifics of AVL please reference the AVL  documentation. 

http://web.mit.edu/drela/Public/web/avl/
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4.1 AVLEditor Commands 

AVLEditor breaks the aerodynamic 

modeling process down into four major 

groups: Aircraft data, Surface data, 

Body data, and Airfoil data. These 

options can be accessed from the 

Model  menu  in the AVL Model 

Editor  window or through the icon 

menu bar.  
                        

                    Figure 4 - AVL Editor Commands  

 

The following depicts the various ways of navigating in the AVL Model Editor  window. 

¶ Pan:  Left click drag, direction keyboard arrows 

¶ Rotate:  Right click drag,  Ctrl + directional keyboard arrow 

¶ Zoom:  GUI tool, mouse wheel, right click Ą zoom in/out 

4.2 Aircraft Editor 

This section is used to define the basic aircraft 

parameters used by AVL. The CG is used as the 

reference point by which the moment and rotation 

rates are defined.   Typically, the CG point is 

empirically measured from the aircraft being 

modeled. If no CG is specified, then it is roughly 

estimated by using an approximation from the 

body and surfaces. The following reference 

dimensions are used for calculation of the output 

aerodynamic coefficients:  

¶ S is the reference area used to define all 

the coefficients.  

¶ C is the reference chord used to demine 

the pitching moment.  

¶ B is the reference span used to define roll 

and yaw moments.  

 

Figure 5 - Aircraft Editor  

Cruise velocity  is used to determine the Mach number in AVL and the Reynolds numbers in 

XFOIL. AVL treats compressibility using the Prandtl-Glauert transformation. This 

transformation is a function of Mach number, and is valid to Mach numbers of ~0.6-0.7. For 

swept wings, the PG model should be judged using the wing-perpendicular Mach number. 

XFOIL uses the cruise velocity and local chord lengths to calculate the Reynolds numbers for 

Drag polar determination. The default profile drag value, CDp, is added to the geometry and 

applied to the CG. 

Aircraft Editor Surface Editor Body Editor Airfoil Editor 
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4.3 Surface Editor 

 

Figure 6 - Aircraft Surface Model  

The first step in developing a model is to create the surfaces of the aircraft. This is done using the 

Surface Editor tool. Surfaces are created using sections. Each section contains position, 

chord, incidence and various other parameters. This allows you to create a wing with varying 

chord, sweep, and di/anhedral. Sections also are used to define the beginning and ends of control 

surfaces.   

The main interface to the surface editor is in the lower left corner of the window. This allows 

you to create new surfaces, add/delete sections to surface, or add/delete control surfaces on the 

surface. After any type of modification, it is important to click the Apply  button for the changes 

to be saved.   

To create a new surface, go to Model  » Surface Editor  

or click the Surface Editor  icon. Click the New 

Surface  button and enter the surface name. In this 

example, we will create a basic wing. AVL creates a basic 

wing made of two sections symmetric about the 2
nd

 section. 

To simplify the modeling process AVLEditor can model 

symmetric surfaces. 

 

 

Figure 7 - New Surface 
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To edit the size or shape of the wing, use the surface editor tool. Positioning the cursor over each 

section highlights the section in the AVL Model Editor  window. When using the Y-symmetric 

feature, both sections are highlighted.  

 

   

Figure 8 - Editing a Surface 
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4.3.1 New Section 

Use the New Section  tool to define a new section in a 

surface. When inserting a new section, the tool will place a 

new section in between the selected section and the section 

after. 

You can then alter those positions manually by using the 

Position  function under each section. In this example we 

are going to add two new sections to capture the control 

surfaces and the change of sweep angle. 

 

Figure 9 - New Section 

 

 

Figure 10 - Defining New Sections 
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4.3.2 Control Surfaces 

Control surfaces are defined in between at least two sections. A control surface can span multiple 

sections. To add a control surface, use the New Control  feature in the Surface E ditor . When 

defining a control surface on a symmetric surface, the control surface will also be duplicated. 

Control surfaces are highlighted in yellow on the surface they are defined on. 

In this example, we will add an aileron between Section 2 and Section 4. 

 

 

 

Figure 11 - Adding a Control Surface 
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The section that were selected now 

have a control surface selection. To 

make a control surface you must define 

an endpoint to the control surface. 

Simply create another control surface.   

Defining a control surface consists of 

the following elements: Name, Hinge  

Vector ,  Chord Fraction , 

Deflection ,  and Gain . 

 

 

Figure 12 - Control Surface Selection 

4.3.2.1 Hinge Vector 

The Hinge Vector on the control surface is a non-functional piece of code in the AVL . It is 

designed to allow control surfaces to be rotated at a different location from the defined control 

surface leading edge. 

4.3.2.2 Chord Fraction 

Chord Fraction defines the size and location of the control surface. Positive values define the 

control surface extending from Chordfaction/Chord to the tailing edge. Negative values define 

the control surface extent from the LE to -Chordfraction/Chord.    

 

(a)                                                                                    (b) 

Figure 13 - (a) Chord fraction value of -0.2. Control surface extends from the LE to .2/C down the 

span. (b) Chord fraction value of 0.8. Control surface extends from 0.8/C to the TE of the surface. 
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4.3.2.3 Deflection  

Used when defining control surfaces on a symmetric surface. This allows the controls surface 

rotations to be defined as symmetric (i.e. elevators) or asymmetric (i.e. ailerons).  

4.3.2.4 Gain 

The Control Surface gain is used to define direction of rotation of the control surface. The 

direction of rotation is defined by the right hand rule based off the direction of surface definition. 

Piccolo defines positive control surface motion as one that produces lift, i.e. aileron down is 

positive rotation/rudder right, creating positive yaw motion.   

Surfaces defined from left to right, result in a positive control surface rotation following the right 

hand rule. Gain values should be set to 1 for this case. Surfaces defined from right to left result in 

negative control surface rotation. The gain value should be set to -1. 

4.3.3 Geometric Translation 

When creating new surfaces it is easiest to define the leading edge of the surface at the 0,0,0 

section position, and use the geometric transformation tool to position the surface in it proper 

location. This allows you to easily modify the position of the surface without having to 

recalculate and reenter all the surfaces section positions. 

  

Figure 14 - Geometric Translation 

 












































































