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Abstract 

The Piccolo comes from a family of 

products that are integrated avionics 

autopilot systems for UAVs (Unmanned Aerial 

Vehicles) from Cloud Cap Technology. 

Piccolo systems feature real-time file logging 

of flight telemetry data. It was desired that 

one should be able to visually display a flight 

using the recorded data through Flightgear, 

an open source flight simulation program. 

This paper describes the procedures executed 

to accomplish the task and results of the 

programs that display a flight from numerical 

data. 

 

 

Introduction 

An autonomous pilot and control system 

is the most essential part in developing 

practical UAVs. The system not only has to 

control the flight itself, but also has to 

accurately gather real-time flight telemetry 

data in order to make proper flight decisions. 

The Piccolo autopilot includes sensors, GPS, 

and a communications link. The autopilot 

system measures flight data using the sensors 

and GPS, transmits to the ground station 

computer, and logs real-time data on the 

computer. 

The logged data provides detailed numeric 

information about the vehicleÕs internal and 

external conditions and status, but it is a 

cognitively complex task to visualize for the 

average human. Hence, the author developed 

programs that will convert the statistical data 

into a visual form of flight simulation through 

Flightgear. 
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Figure 1Ñ Summary of the task



 
Figure 2Ñ Sample log file imported on Microsoft Excel 

This is only a small portion of the entire log file. 

 

Development 

Figure 1 summarizes the sequence of 

processes of the task. The entire task is 

achieved by two dedicated programs. The fi rst 

program takes a log file as an input, converts 

the data into the Flightgear data structure, and 

saves it as a replay file. The second program 

then reads in the replay file and broadcasts the 

data to Flightgear. 

 

!  Conversion program 

The Piccolo system logs flight data in two 

formats: binary and text formats. Although 

binary format is smaller in size, the text file 

gives easier access to end-users to view and 

manipulate the data, and hence it was chosen 

to be the input of the first program. Figure 2 

shows a sample log file. The first row consists 

of string headings. Subsequent rows, each 

representing a particular time frame, contain 

numeric values corresponding to the headings. 

The Piccolo log file consists of 80 column 

data fields. Rows are delimited by a new line 

character Ô\ nÕ and columns are delimited by 

a space character Ô Õ. 

The data retrieved from the log file are 

assembled to form the FGNetFDM structure 

defined in net_fdm.hxx  of Flightgear. 

Byte order swapping is implemented as the 

program runs on the x86 architecture, which 

uses little endian format, while Flightgear 

takes its input in big endian format. Finally, 

the converted data structures are saved into a 

replay fi le to be used with the broadcast 

program. 

  

!  Broadcast program 

The second program reads in the replay 

file created by the first program, and 



broadcasts the data to Flightgear, which gives 

users several communications options, such 

as: file, namedpipe, serial, or TCP/UDP 

socket. The broadcast program uses UDP 

socket, for it makes it easy to transmit data to 

Flightgear on multiple client computers of 

differing architectures and operating systems 

on a network. 

Each time-frame FGNetFDM data 

structure is sent to a given IP address of the 

client computer, corresponding to each 

scenery output of Flightgear. Thus, the 

broadcasting program needs to control the rate 

at which data packets are transmitted. A 

member of FGNetFDM structure called 

cur_time  stores the value of the UNIX time 

of each time frame. Hence, for each instance 

of time frame structure the program has to 

refer to the value of cur _t i me to make a 

decision whether to transmit the packet or 

wait. However, UNIX time is defined to 

increment every second, causing abrupt 

scenery changes rather than smooth transition. 

If multiple time frame structures are all within 

1 second, the program transmits all of them at 

once and waits for a full second to transmit 

the next time frame data. 

This problem was solved by plugging in 

the system clock time value from the Piccolo 

log file into cur _t i me during the 

conversion process. System clock time is 

incremented every millisecond, allowing 

smooth display of the log file up to 1 kHz. 

 

 Conversion Broadcast 
Platform Windows Windows 
Language C C 
Complier Microsoft Visual 

Studio 2005 
Microsoft Visual 

Studio 2005 
Input Text log file Binary replay file 

Output Binary replay file UDP broadcast 
Summary Converts a text 

log file into a 
binary replay file 

Broadcasts a 
binary replay file 

to a client 
computer 

Table 1Ñ summary of the programs 

 

Table 1 summarizes the two programs. 

The task is to be achieved by two separate 

programs for several reasons. Each log file 

needs to be converted only once, and playing 

the file on Flightgear can be done however 

many times using only the second program. 

By doing so, a converted file serves as a 

replay file. In addition, broadcasting is a real-

time process. Hence, the second program is 

given the least amount of processing to 

accomplish. 

 

 

Testing and Results 

The conversion program was tested with a 

17 MB log file, containing 26,035 rows of 

time frame data. It took 54 seconds to convert 

the fi le on a laptop with Pentium M 1.86 GHz 

processor. The output file size was 10 MB. 



The replay file was then broadcasted from a 

server computer running Windows XP to a 

client computer running Windows 2000, and 

Flightgear played the flight data in visual 

format. 

 

 
Figure 4Ñ Flightgear setting on client 

 

 
Figure 5Ñ executing programs on server 

 

Figure 6Ñ Flightgear on client 

 

Conclusion 

Flightgear display of the Piccolo log file 

was successfully achieved. Not only can one 

visually observe the flight in many different 

view angles, but also one can manipulate the 

data and replay indefinite times. Although 

only the Piccolo log file was used to create 

replay files, any type of telemetry log file can 

be used as well with only slight modifications 

of the code. One of its potential applications 

is in optic flow. Changing the setting in 

Flightgear to cockpitÕs view allows 

researchers to easily simulate and test optic 

flow algorithms for UAVs at no risk. 
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