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Abstract

The Piccolo comes from a family of
products that are integrated avionics
autopilotsystemgor UAVs (UnmannedAerial
\ehicles) from Cloud Cap Technology
Piccolo systemdeatute real-time file logging
of flight telemetry data. It was desired that
one should be able to visually display a flight
using the recoded data through Flightgear,
an open source flight simulation program.
This paperdescribeghe procedues executed
to accomplishthe task and results of the
programsthat display a flight from numerical

data.

Introduction

An autonomouspilot and control system
is the most essential part in developing
practica 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 properflight decisions.

The Piccolo autopilot includessensorsGPS,

and a communicationslink. The autopilot
systemmeasuresflight datausingthe sensors
and GPS, transmits to the ground station
conputer and logs real-time data on the
computer.
Theloggeddataprovidesdetailednumeric
information about the vehicle® internal and
external conditions and status, but it is a
cognitively complex task to visualizefor the
average human. Hence, the authordeveloped
programs that will convert the statistical data
into a visual form of flight simulation through
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Figure 1N Summary of the task



{Clock>[ms] <+earr <Month> <Day> <Hours> |<Minutesr <Seconds> | <Lat> [rad]
73901 2007 7 13 21 25
79901 2007 7 138 21 2b
20900 2007 7 12 21 2b
81902 2007 7 18 21 25
82902 2007 7 13 21 25
283902 2007 7 138 21 2b
24902 2007 7 138 21 2b
85902 2007 7 18 21 25
86902 2007 7 18 21 25
87902 2007 7 138 21 2b
88902 2007 7 138 21 2b
29902 2007 7 12 21 2b
90902 2007 7 18 21 25
91902 2007 7 13 21 25
92902 2007 7 138 21 2b
93902 2007 7 128 21 2b
94901 2007 7 18 21 25
95901 2007 7 13 21 25
95901 2007 7 138 21 2b
97901 2007 7 138 21 2b
92900 2007 7 12 21 2b
QQan annT i 19 o1 =

<Lon> [rad] {Height> [m] | <Wl

29 0698010347 -1.537042895 242859995
30 0698010347 -1537042895 242 859996
31 0693010347 -15637042895 242 859936
32 0698010347 -1537042895 242 859995
33 0698010347 -1.537042895 242859995
34 0698010347 -1.B37042895 398 939991
36 0698010347 -1.B37042895 398 939991
36 0,698010347 -1,637042895 398,939991
37 0698009857 1537042958 398,909991
38 0693009479  -1.B37043002 398,949991
39 0693006867 -1.B37042668 393909991
40 0,69300229 -1.637044229 383,349931
41 0698001751  -1537046856 363 629992
42 0698001843 -1.537050177 330,859993
43 069799986 -1537052839 0 291509993
44 0697999681 -16370B4337 252 339994
45 0697999822 -1,6370547114 232 879995
46 0698000384 -1.537051826 8 208,939995
47 0698000218 -1,B37062624 ) 208 969995
43 0,698000248 -1.6370626 209033995
49 0,693000248 -1,6370626 209033935

= mnoEagnnnoAs —1 ExTnE2E lelgl=ypieislels]

Figure 2N Sample log file imported on Microsoft Excel

Thisisonly asmall 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 first
programtakesa log file asaninput, converts
the data into the Flightgear data structure, and
savesit asa replayfile. The secondprogram
then reads in the replay file and broadcasts the
data to Flightgear.

I Conversion program

The Piccolo system logs flight datain 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 consistsof 80 columm
datafields. Rowsaredelimited by a new line
character O\ nO and columns are delimited by
a gpace character O O.

The data retrieved from the log file are
assembled to form the FGNetFDM structue
defined in net_fdm.hxx of Flightgear.
Byte order swappingis implemented as the
programruns on the x86 architecture which
uses little endian format, while Flightgear
takesits input in big endianformat. Finally,
the converteddatastrucuresare savedinto a
replay file to be used with the broadcast

program.

I Broadcast program
The second program reads in the replay
file created by the first program, and



broadcastshe datato Flightgear which gives
users several comnunications options, such
as: file, namedpipe, serial, or TCP/UDP
socket. The broadcastprogram uses UDP
socket, for it makes it easy to transmit data to
Flightgear on multiple client computers of
differing architecturesand operatingsystens
on a network.

Each time-frame FGNetFDM data
structure is sent to a given IP addressof the
client computer, corresponding to each
scenery output of Flightgear Thus, the
broadcasting programeeds to control the rate
a which data packets are transmitted. A
member of FGNetFDM structure called
cur_time storesthe 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 _ti me to make a
decision whether to transmit the packet or
wait. However UNIX time is defined to
increment every second, causing abrupt
scenerychangesatherthansmoothtranstion.
If multiple time frame structures are all within
1 secondthe programtrarsmits al of them at
once and waits for a full second to transmit
the next time frame data.

This problemwas solved by pluggingin
the system clock time value from the Piccolo
log the

conversion process. System clock time is

file into cur_tinme during

incremrented every millisecond, allowing

smooth display of the log file up to 1 kHz.

Conversion Broadcast
Platform Windows Windows
Language C C
Complier | MicrosoftVisual | Microsoft Visual
Studio 2005 Studio 2005
Input Text log file Binary replay file
Output | Binary replay file | UDP broadcast
Summary| Convertsatext Broadcasta
logfileinto a binary replay file
binary replay file toaclient
computer

Table IN summary of the programs

Table 1 summarizesthe two prograns.
The task is to be achievedby two separate
programs for several reasons. Each log file
needsto be convertedonly once,andplaying
the file on Flightgearcan be done however
many times using only the second program.
By doing so, a convertedfile servesas a
replayfile. 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 conversiorprogramwastestedwith a
17 MB log file, containing 26,035 rows of
time frame data. It took 54 secondgo convert
the file on alaptop with Pentium M 1.86 GHz

processar The output file size was 10 MB.



The replay file was then broadcastedrom a
server computerrunning Windows XP to a
client computer running Windows 2000, and
Flightgear played the flight data in visual

format

& wnfgfsnet-c172 bat - Notepad o m] 4|
File Edit Format Help
SET TOP_ROOT=. =]

REM Check for the existance of the
FGFS executahle

IF WOT EXIST
%TOF_ROOTHEMNDInMwWin32hfofs. exe GOTO
ERRORL

REM Run The program
HBTOP_ROOTHNbimwin3z2hfogfs. exe
——fg-root=%TOP_ROCT¥\data
--fg-scenery=%TOF_ROOT%\data"S<ener
Wy BTOP_ROOTHRNS CEnery
——airport-id=KsFo
——aircraft=cl?2p-2dpanel
——disab1e—sp1asﬁ—screen
——dizable-intro-music
--native-fdm=socket,in,30,, 5500, udp
—-—fdm=external --lTog-Tlevel=warn
--timacfday=noon

GOTO END

{ERRORL

ECHO Cannot FiQd
%TOP_ROOTEWRinYwin32hfofs. exe
GOTO END

EMD

Figure 4N Flightgear setting on client

e C:AWINDOWSAsystem 3 2\cmd. exe

:“Piccolo Replay>convert
Input file: log.txt

utput file: replay.bhin
eading in...

6835 time frames read in
onuerting. ..

onuersion completed

:~Piccolo Replay’broadcast

Input file: replavy.bin

IP address: 130000 . .127
eplay speed: x1
roadcasting. ..

ransmitting timeframe #i
ranzmitting timeframe H2
ranzmitting timeframe #3
ranzmitting timeframe H4
ransmitting timeframe H5
ransmitting timeframe Ho6

Figure 5N executing programs on server

Figure 6N 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 manipulatethe
data and replay indefinite times. Although
only the Piccolo log file was usedto create
replay files, any type of telemetry log file can
be usedaswell with only slight modifications
of the code.One of its potential applications
is in optic flow. Changing the setting in
Flightgear to cockpit® view allows
researchers to easily simulate and test optic

flow dgorithms for UAVs a no risk.
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