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ABSTRACT

The defense response to a Chemical and Biological
attack would be inportantly based on predicting the
di spersion of a toxic cloud. Considering that an Unnmanned
Air Vehicle would provide the capability for enbeddi ng and
positioning inertial and air data sensors geographically as
required, real-tinme wind estinmation can be performed for
every actual position of the flying device in order to
predict the plume noving direction. The efforts in this
thesis concentrate on the denonstration and validation of
procedures for obtaining Wnd Estimation close to real-tine
and its instantaneous nonitoring. The presented work is
based on a particular UAV platform available at the NPS
Aeronautical Departnment and it ainms to establish a general
nmet hodol ogy, which nmay be used on other flying devices with
simlar available sensors. An accurate estinmation of real
wind for a particular conbat scenario wll enabl e
operational units to have a near real-tinme decision aid.
This final result could be integrated into a Comrand and
Control net, to assist in a focused way the response to a
Chem cal and Biological attack and to map the source or the
region to be affected.
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. 1 NTRODUCTI ON

Chem cal and biol ogical (CheniBio) weapons have posed
a defense response security concern for sone tine and have
gained a renewed focus due to actual tactical scenario
threats. In order to successfully respond to attacks by
such weapons the dispersion of a toxic cloud is inportant
to neasure and predict. Wrk in this thesis supported a
Chem Bi o response project, which was a joint effort between
the NPS Aeronautics and Astronautics Departnent and
Met eor ol ogy Departnent to denonstrate and validate a nethod
for the synthesis of neasurenents and predictions to aid in
the response to a chenical and biol ogical attack.

One of the key features of the CheniBio response
project was the prediction of a toxic plunme novenent, which
strongly depends on the actual wind velocity in the conbat
scenari o. Using an Unmanned Air Vehicle (UAV) for
geographically positioning inertial and air data sensors,
obt ai ned neasurenents and sensed data was used as the input
for a Real -Time Wnd Estimation sol ution.

This thesis research concentrates on the denonstration
and validation of procedures for obtaining Wnd Estimation
close to real-tine and its instantaneous nonitoring. The
presented work is based on a particular UAV platform
avai lable at NPS Aeronautical Department and it ains to
establish a general nethodol ogy, which nmay be used on ot her
flying devices with simlar avail able sensors.

An accurate estimation of real-tine wind for a
particul ar conbat scenario will enable Operational Units to
have an inportant decision aid which can be later

integrated into a Conmmand and Control net to assist in a



focused way the response to a Chem Bio attack. Furthernore,
this real wind estimation can be used to map the source of

the plume as well as the region to be affected.

A OBJECTI VES

The starting point for this thesis research is the
identification and wunderstanding of available data that
will be generated on an UAV platform and that wll be
avai l able on a ground station as it is transmtted via Data
Li nk.

This available data includes a D fferential @ obal
Position System (DGPS), an Inertial Measurenent Unit (I MJ),
an Air Data System and a Data Link assenbly; all of them
enbedded onboard the NPS FROG UAV. Al the necessary
background to understand and identify the generation of the
inputs that wll be later used for Wnd Estimation is
included in Chapter Two (Il.). It also includes a brief
description of the UAV and the Data Link system used.

Chapter Three (lI1l1.) will focus on the devel opnent of
the proposed Wnd Estimation Mdel. This work used SIMILINK
for solving necessary applied nmathematics in the Wnd
Estinmation calculation and xPC Target software package to
carry out the required real-tinme signal processing and
results presentation.

Chapter Four (I1V.) wll cover the flight test setup
and data acquisition that lead to the nodel validation.
Flight test results will be discussed and the nodel wll be
eval uated against the neteorological w nd neasurenents.
Finally, on  Chapter Five (V.) recommendations and

conclusions wll be presented.



1. BACKGROUND

A THE UAV PLATFORM (NPS FROG)

The FROG UAV is a small high wing nonopl ane used for
Digital Control System research by the Departnment of
Aeronautics of the Naval Postgraduate School. The airplane
is manufactured by BAl Aerosystens Inc., as the “BAl TERN
(Tactically Expendable Renote Navigator), and was fornmerly
designated the FOGR by the US Amny. In the FOGR
configuration the airplane has been flown non-Iine-of-sight
using a fiber optic Data Link for command uplink and video
downlink. The wing is fitted with flaps that can be trimed
to provide slow flight speeds for surveillance and extended
to facilitate tight |andings.

Figure I1.1 FROG UAV Three Vi ew Draw ng.

FROG is equipped with conventional elevator, rudder,
ailerons and flaps. Small servonotors, designed for use in

radi o-controll ed airplanes, actuate the control surfaces.
3



This UAV was designed to carry up to twenty-two pounds
of payload for periods of up to four hours. It is actually
equi pped with a Mdel BA64 6.4 cubic inch, horizontally
opposed, piston engine, manufactured by Brinson Aircraft
Conpany. The 2-cylinder engine developed 9.3 Hp and is
equi pped with a two bladed propeller mounted in a tractor
orientation in a nacelle atop the wing, as depicted in
Figure (11.2). The FROG has fixed tricycle |anding gear
with a steer able nose wheel. The enpennage is connected to
the body of the airplane by a 1.75 inch dianeter alum num
t ube.

Figure I1.2 FROG UAV Engi ne Configuration.

FROG is currently in use as a test bed for airborne
sensor systens and advance <control projects for the
Aeronautics and Astronautics Departnent at NPS. In the
past, the NPS s FROG had been configured with a variety of
sensors including an onboard autopilot, various inertial
measurenment units, GPS receivers, an instrumented nose boom

and a digital canera



The FROG s significant physical characteristics
presented in Table I1. 1.
PARAMETER VEASURENMENT
Length 8.125 ft
Hei ght 1.75 ft
Wei ght 67.7 | bs
Power Pl ant 9.3 Hp / 2 Cycle
Wng Airfoil NACA 2415
Hori zontal Stabilizer Airfoil NACA 0006 ( Approx.)
W ng Span (b) 126.5 in
Tai |l Span (by) 39.75 in
Vertical Tail Span (b,) 15.0 in
Aspect Ratio (AR 6. 32

Table 11.1

More details on the

FROG UAV Physi cal

Characteristics

FROG characteristics and

engi ne are docunented in Appendix A [Ref. 1].

= rel Vil % _-'Q._-:.-:E-'.' ':,,.._ “F b . ] 2 '5?1

=

Figure 1.3

FROG UAV Act ual

Configuration
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B. DI FFERENTI AL GLOBAL PGCSI TI ONI NG SYSTEM ( DGPS)

The GPS receiver used on the FROG is Trinble Agl32
DGPS shown in Figure (I1.4). The Agl1l32 DGPS is a 12 channel
L-band differential correction receiver that provides sub-
meter accuracy. It conbines a GPS receiver, a beacon
differenti al receiver, and a satellite differential
receiver in the sane housing. These receivers use a
conbi ned antenna with a single antenna cable. The Agl32 is
configured with two programmable RS-232 serial ports and
outputs GPS data at 1, 5 or 10 Hz wth latency of 10 nsec
in RS-232 serial ASCIlI format at baud rates up to 38,400
bps. Al outputs conformto the National Marine Electronics
Associ ati on (NMEA)-0183 data protocol.

Figure I1.4 DGPS Trinbl e Agl32 Main Conponents and
Mounting Locati ons.

Among the various sentences in the GPS data stream
shown in Table 11.2, only information in the $GPGGA (GGA)
and the $GPRMC (RMC) sentences is relevant to this

appl i cation.



MESSAGE CONTENTS

GGA Tinme, position and fix related dat a.
GL Position fix, time of position fix and status.
GRS GPS Range Resi dual s.

GPS position fix node, SVs used for navigation and

GSA DOP val ues.
GST GPS Pseudorange Noise Statistics.
GV Nunmber of SVs visible, PRN nunbers, elevation,
azi muth and SNR val ues.
Signal strength, signal-to-noise ratio, beacon
M5S :
frequency and beacon bit rate.
UTC tine, status, latitude, |ongitude, speed over
RMC ground (SO5, date and magnetic variation of the
position fix.
VTG Actual track nade good and speed over ground.

XTE Message | Cross-track error.

| ocal zone m nutes.

ZDA UTC tine, day, nonth, year, |ocal zone nunber and

PTNLDG frequency, channel bit rate, channe

per f ormance i ndi cator.

Beacon channel strength, channel SNR, channel
number ,
Proprietary | channel tracking status, RTCM source and channe

PTNLEV Ti me, event nunber, and event line state for tine-
Proprietary |taggi ng change of state on a event input I|ine.

PTNL, GX Time, Position, Position Type and DOP Val ues.

PTNLI D Recei ver machine I D, product ID, major and ninor
Proprietary |[rel ease nunbers and firmwvare rel ease date.

Ref erence Station Nunber |ID and the contents of
PTNLSM t he Special Message included in valid RTCM Type 16

records.
Table I1.2 DGPS Trinmbl e Agl32 Messages
C. | NERTI AL MEASUREMENT UNIT (1 MJ)
1. | MJ Overvi ew

The Inertial Measurenent Unit (IMJ) that was built for

the FROG to be used for this research work consists of four

separate sensors and two mcroprocessors that

integrate and transmt sensor measurenents.

are used to
The sensors



consist of the Trinble Agl32 DGPS, an Air Data assenbly, a
Mcrostrain 3DM acceleronmeter and nagnetoneter, and a
Systrom Donner AQRS 104 rate gyros set. The m croprocessor
units are Tattletale8 Data Logger from Onset Corporation.
The two mcroprocessors are programed in Tattletale C (a
variation of ANSI standard C) and control the timng,
nmeasurenent and transmission of all sensors. The conbined
sensor output provides neasurenents of the conplete state
vector with the exception of heading angle ¢ which can be
conputed from the other conponents of the state vector.
Table (11.3) shows the conplete neasurenent val ues,
associated sensors and the data rate at which the

measurenents are avail abl e.

STATE VECTOR NOTATI ON | RATE | SENSCR NOTES
Rol | Rate p 40 Hz | AQRS 104 | 4.096 Volt Ato D sanple
Pitch Rate q 40 Hz | AQRS 104 | 4.096 Volt Ato D sanple
Yaw Rat e r 40 Hz | AQRS 104 | 4.096 Volt Ato D sanple
Temper ature Temp 40 Hz | CAT 4.096 Volt Ato D sanple
Al pha a 20 Hz | AQRS 104 | 4.096 Volt Ato D sanple
Bet a B 20 Hz | AQRS 104 | 4.096 Volt Ato D sanple
Ai r speed Vair 40 Hz | Air Data | 4.096 Volt Ato D sanple
Accel . X conponent AX 20 Hz | 3DM RS- 232 9, 600 baud
Accel . Y conponent Ay 20 Hz | 3DM RS- 232 9, 600 baud
Accel . Z conponent Az 20 Hz | 3DM RS- 232 9, 600 baud
Mag. Vect. X conp. Hx 20 Hz | 3DM RS- 232 9, 600 baud
Mag. Vect. Y conp. Hy 20 Hz | 3DM RS- 232 9, 600 baud
Mag. Vect. Z conp. Hz 20 Hz | 3DM RS- 232 9, 600 baud
GPS Tine t 10 Hz | DGPS RS- 232 38, 400 baud
GPS Latitude Lat 10 Hz | DGPS RS- 232 38, 400 baud
GPS Longi tude Long 10 Hz | DGPS RS- 232 38, 400 baud
GPS Al titude Al 't 10 Hz | DGPS RS- 232 38, 400 baud
GPS Ground Speed Knt G ndSpd 10 Hz | DGPS RS- 232 38, 400 baud
GPS Ground Track Deg G ndTr k 10 Hz DGPS RS- 232 38, 400 baud
GPS Mag. Var. Deg MagVar 10 Hz | DGPS RS- 232 38, 400 baud
Table I1.3 | MJ State Vector Conponents




2. | MJ Sensors Sunmary

Sensor data rate is an inportant elenent when handling
data obtained by different conponents. Data rates of 20 Hz
for the Euler Angles rates (p, q, & r) are known to be
acceptable. Realistically a data rate of 30 to 40 Hz is
required for the optimal digital signal processing. Each
sensor has its own inherent limtations that restrict the
maxi mum al | owabl e data rate. Measurenents from each sensor
are taken at various data rates and nerged together in
order to achieve a high data rate yet maintain an easily
decoded and error free data stream

Frog IMU Architecture

GPS 10 Hz Pitot Static 40 Hz
(time, lat, long, alt, (A/S, T.P)
speed, heading, etc) AtoD Samples

RS-232 38,400 bps

Tattletale 8 Rate Gyros 40 Hz

AtoD Samples
p.q.1)

\ 3DM Accel 20 Hz
RS-232 9,600 bps

RS-232
Sefigois 20 Hi 38,400 bps (Ax, Ay, Az, Hx, Hy, Hz)
(ct, B, future sensors)
AtoD Samples To Modem System Timing
Figure I1.5 | MJ Architecture and Data Rates
a. Onset Tattletale 8 M croprocessor

The Tattl etal e8 M croprocessor from Onset
Conmput er Corporation is designed to be a data |ogger that
can either be progranmmed in Tx Basic or C Programm ng. The
Tattl etal e8 has a Mdtorola 68332 nicroprocessor, 8 channels

to nmake analog to digital conversion (A to D) sanples using
9



a 4.096 volt reference, two RS-232 serial conmunications
ports, a system clock adjustable from 160 KHz to 16 MHz,
and 15 digital (0 to 5 volts) lines that can be used to
transmt serial data at up to 500 Kbps.

As seen on previ ous Fi gure (rr.5s), t wo
Tattl etal e8 are used to process the data and neasurenents
made by the IMJ One Tattletale8 is dedicated to the
processing of serial GPS data and taking A to D sanples
fromthe Air Data system The second Tattletal e8 takes the
serial output of the 3DM A to D sanples for the |MJ
sensors (Rate Gyros and Air Speed), and controls all of the
measurenent and transmssion timng. The GPS Tattletal e8
transmts its data to the 3DM Tattletale8 via the digital
[ines.

The communication |ink between the UAV and the
ground station conputer is inplenented wth wreless
nodens. Each nodem uses frequency hopping spread spectrum
technol ogy and has a power output of 1/3 Watts. They are
capabl e of communicating over a line of sight with range of
up to 20 mles, and to support data transm ssion at baud
rates from 1200 bps to 115.2 Kbps. The ground station
conputer perfornms the real-tine data |ogging and processes
the transmtted data according to the Wnd Estimation

al gorithm

Figure I1.6 Dat a Li nk Modens
10



b. DGPS Trinmbl e Agl32 ASCI| For mat

The Trinble Agl132 GPS is capable of outputting
data at 1, 5 or 10 Hz utilizing an RS-232 serial ASCI| data
format at baud rates up to 38,400 bps. Al output conforns
to the National Marine Electronics Association (NVEA) GPS
data protocol wused by GPS receivers to transmt data.
Different lines of NVEA data can be selected to be included
in the GPS data stream The lines that contain rel evant GPS
information for this thesis are the $GPGGA and $GPRMC
sentences. The setting of the GPS output used for these two
sentences was 10 Hz at a baud rate of 38,400 bps. Tables
(rr.4) and (11.5) show the breakdown of the ASCI | text
output and an exanple conversion. Shaded values indicate
information not included in final | MJ data stream

$GPCGA Sentence: d obal Positioning System Fi x Data

EXAMPLE: $GPGGA, 001218. 80, 3635.761652, N, 12152.607700, W 2, 08, 1.1,
15.14, M -27.47, M 5.4, 0565*45

Field | Description Dat a Not es
1 UTC of Posi tion oo1218.80 | Hix at 00:12:18.80
urc
2 Latitude 3635. 761652 | LAT 36° 35.761652’
3 N or S N North Latitude
4 Longi t ude 12152. 60770 | LONG 121° 52.6077’
5 E or W \% West Longi t ude
GPS quality indicator
6 O=i nval i d 1=GPS fix 2=DGPS fix 2 DGPS Mode
7 Nunber of satellites in use 08 8 Sats. in use
8 Hori zontal dilution of position 1.1 HDOP 1.1
9 Altitude +/- mean sea |evel (geoid) 15.14 éSLM Meters above
10 Meters (Antenna hei ght unit) M Met er s
Geoi dal separation (Diff. bet ween
11 WGS-84 earth ellipsoid and nean sea | —27.47 -27. 47 bel ow
level - = geoid is below ellipsoid)
12 Meters (Units of Geoidal sep.) M Met er s
13 A_ge i n seconds since | ast update from 5 4 5 4 seconds ol d
Diff. reference station
14 Diff. reference station |D# 0565 Station #
15 Checksum *45 Checksum
Table I1.4 $GPCGA Sentence Structure
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$GPRMC Sent ence: Recommended M n. Spec. GPS/ TRANSI T Dat a

EXAMPLE: $GPRMC, 001218, A, 3635.761652, N, 12152.607700, W 000.00, 0.0,
170401, 15.3, E, D*03

Field Description Dat a Not es
1 UTC of position fix 001218 EIT)C(: Gl (005 a2 2k (0
2 Dat a status (V navigation receiver A Recgi ver St at us
war ni ng) Valid
3 Latitude of fix 3635. 761652 | LAT 36° 35.761652’
4 N or S N North Latitude
5 Longi tude of fix 12152. 60770 | LONG 121° 52. 6077’
6 E or W % West Longi t ude
7 nggie(rjml oglegcesg)r ound in Knots (0-3 000. 00 gbged Knots ground
8 True Ground Track in degrees True 0.0 0.0° ground track
9 UTC dat e 170401 April 17, 2001
10 Magnetic Variation degrees (Easterly 15 3 Magnetic Variation
Var. subtracts fromtrue course) 15. 3°
11 E or W E East
12 Checksum D*03 Checksum
Table 11.5 $GPRMC Sent ence Structure

C. DGPS Trinbl e Agl32 Data Conversion

The $GPCGA and $GPRMC sentences conbine 161 ASCI
text characters. This data is received approximtely 10
times per second and would take up about one third of the
avai | abl e bandwidth of the final |IMJ data stream at 38, 400
bps, if all of the text values were transmtted. Therefore,
it is necessary to sort out and transmit only the
information required by the application. Transmtting the
critical data in a binary format allows the total data
stream to be reduced to 29 bytes of binary data. Each GPS
data package includes a two-byte header to indicate the
start of the GPS nessage, bringing the total GPS packet
size to 31 bytes.

Data is transmtted in a binary format as a
series of 8 bit bytes. The serial driver that is receiving
the data stream nust decode it before it can be used.

Val ues that range between 0 and 255 are represented by a
12




single byte of data and no conversion is necessary. Val ues
that range between 0 and 65535 are represented by a two
byte integer wth the nost significant byte (MSB)
transmtted first, followed by the least significant byte
(LSB). To decode the two-byte integer the MSB nust be
mul tiplied by the placehol der value of 256 (2% and added to
the LSB. Wen decoding entire bytes the placehol der val ues
increase by factors of 2% (Ex: 2° 28 2% 224 etc). This is
a sinple conversion that <can be inplenented in nost
programm ng |anguages. It is worth noting, however, that
this only works for unsigned values. If signed values are
used, the bits of the MB nust be shifted by the
appropriate amount to preserve the integrity of whatever
signing convention is used. Nunbers greater than 65535 are
represented by a four-byte long integer with the NMNMSB
transmtted first. The four byte sequence is decoded using
the follow ng equation: long integer = 2%*xBytel + 2'°xByte2
+ 28xByte3 + 2%°«Byte4. Table (11.6) shows the format of the
DEPS data and nmethod required to convert the data to a
useabl e nunber format.

DGPS Dat a Package For mat

EXAMPLE: $GPGGA, 001218.80, 3635.761652, N, 12152.607700, W 2, 08, 1.1,
15.14, M -27.47, M 5.4,0565*45
$GPRMC, 001218, A, 3635.761652, N, 12152.607700, W 000.00, 0.0,
170401, 15.3, E , D*03

Dat a Description Not ati on Bytes | Text Bi nary | Decodi ng Met hod
GPS Dat a Package Header| GPS Header 2 ggg Hex val ues EE EE
Hour s (00 — 23) ti meHH 1 00 00 N A

M nutes (00 — 59) ti mw 1 12 12 N A

Seconds (00 - 59) ti meSS 1 18 18 N A

Deci mal Seconds (0 — 9)| ti meDecSS 1 8 08 N A

Degrees LAT (00 — 90) | at Deg 1 36 36 N A

M nutes LAT (00 — 60) lat M n 1 35 35 N A

13




DGPS Dat a Package For mat

EXAMPLE: $GPGGA, 001218. 80, 3635.761652, N, 12152.607700, W 2, 08,
15.14, M -27.47, M b5.4,0565*45

$GPRMC, 001218, A, 3635.761652, N, 12152.607700, W 000.00, 0.0,

1.1,

170401, 15.3, E ,D*03
Dat a Descri ption Not at i on Bytes | Text Bi nary | Decodi ng Met hod
00 st
. MSB 1
Fgclgaheyiﬂgfeslgéls) | at DecM n 4 761652 igg 224y Byt e1+210x Byt e2+
P 52 28xByt e3+2%% Byt e4
Degrees LONG (00 — 180)| | ongDeg 1 121 121 N A
M nutes LONG (00 — 60) | longM n 1 52 52 N A
00 st
. MSB 1
FSCL?HLe?iﬂgfes|§§2§3 | ongDecM n 4 607700 gg 224y Byt e1+2%6x Byt e2+
P 212 28xByt e3+2%% Byt e4
DGPS st at us di ff GPS 1 2 02 N A
. . 00 MSB 1°' LSB 2™
Altitude in neters altMeters 2 15 15 28xByt e1+2°xByt 02
Altitude in tenths of al t DecM s 1 14 14 N A
neters
. 00 MSB 15" LSB 2™
G oundspeed in knots gr ndSpeed 2 000 00 28x Byt e1+2°X Byt e2
Groundspeed in tenths g_rndSpeedDe 1 00 00 N A
of knots ci mal
Gound track in degrees r ndTr ack 5 0 00 MSB 1°' LSB 2™
- XByt el+2"XByt e2
(0- 359) 9 00 28xByt e1+2%% By
Gound track in tenths g_rndTr ackDe 1 0 00 N A
of degrees ci mal
Magnetic variation in [ _ . 5 15 00 MSB 157 LSB 2™
degr ees 9 15 28xByt e1+2%Byt 2
Magnetic variation in magVar Dec 1 3 3 N A
tenths of degrees
Table 11.6 DGPS Bi nary Data Package For mat
d. DGPS Tinme | ssues

At 10 Hz the DGPS should transmt

$GPRMC sentences every 100 ns.

ASCl |

second w t hout

text data
timng of
variability.
parti cul ar

as late as

creates great

is

the arrival of
On aver age,

sanpl e,

probl enms when

reliably

any dropouts on | ost

14

regularly sanpl ed

t he $GPGGA and

For the DGPS signal the
received at 10 sanples per
sanple tines. The exact

the GPS data has a huge anount of

data is received every 100 ns. A
however, may arrive early or it may be
100 ms (i.e. 200 nms between sanples). This

i nputs are




requi red. When the DGPS data does not arrive in tine, the
DGPS parsing routine waits for all of the data to arrive
Ther ef or e, it is inmportant that critical timng of
nmeasurenents not to be based on or delayed by the arriva
of the DGPS signal. Specific programmng inplenmentation

regardi ng this problem nust be addressed.

e. 3DM Accel eronet er and Magnet onet er

The 3DM nodule has an orthogonal array of DC
accel eroneters and magnetoneters that neasure all three
conponents of the l|ocal acceleration and nmagnetic vectors.
The unit is capable of transmtting conputed roll, pitch
and yaw angles or raw acceleration and nmagnetic vectors.
The 3DM uses the Earth's gravity vector to conpute the
orientation of the sensor in pitch and roll direction.
Using the magnetic vector and the pitch and roll angles,
the 3DM can conpute the yaw angle and therefore is able to
determine all three Euler Angles. This nmethod works well
when the unit is in a static position; however, it will not
work during accelerated flight onboard the UAV. Wen the
UAV is in maneuvering flight (Ex: 60° AOB level turn at 2
Gs) the unit will incorrectly neasure the Earth’s gravity
vector and consequently generate erroneous Euler angle
nmeasurenents. Therefore, only the raw acceleration and
magneti c vectors are output from the 3DM and valid results
for Wnd Estimation are only expected for a close to
straight and level flight condition.

The 3DM transmts RS-232 serial data at 9,600
bps. The device can be put into one of two comrunication
nodes: polled or continuous. Wien the device is in
continuous node it sends packets of data to the conputer

continuously. In polled node the unit only sends data if a
15



controlling conputer pronpts it. This is a nore robust
comuni cations node that requires less error checking. The
polled nmode is normally selected by sending the 3DM the
ASCI| character “t”. The 3DM installed in the Frog |MJ
however, has a special EEPROM that allows only the polled
node. This was done to solve a problem with the device
unpredi ctabl e switching comruni cati on nodes. Thus, the 3DM
can only be operated in the polled node.

When operating in polled node it is necessary to
send 3DM a specific one-byte command word before it wl
transmt its data. To receive the conplete accel eration and
magneti c vectors the binary value 10010000 (decimal nunber
144) nust be sent to 3DM After receiving the appropriate
command word, 3DM will transmt the data shown in Table
(I'1.7). This data is stored in a buffer in the Tattletal e8
m croprocessor and is transmtted at the appropriate tine.
The 3DM is polled and the sensor’s data is updated at a
rate of 20 Hz. The remaining paraneters of the IMJ data
package are neasured at 40 Hz.

To sinplify the decoding of the IMJ data a
standard | MJ package is transmtted at 40 Hz. The 20 Hz 3DM
data is only updated every other franme even though the 12
bytes of data is transmtted every single frane. A close
exam nation of the 3DM output wll reveal that the data
occurs in repeated pairs. This may create sonme problens if
the acceleration or nagnetic data needs to be analyzed in
the frequency domain. The data is transmtted MSB first and
LSB second for each neasured value. The bytes can be
decoded as Value = 28%«Bytel + 2°%Byte2. Table (I11.7) shows

the order of data.
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Dat a Description

Di agnostic Byte 0x41h“i f yal id;, Ox6Xh if error

(“X" is an error code)
Hy. m X Axi s Magnetoneter Data MSB
Hy. | X Axi s Magnetoneter Data LSB
Hy- m Y Axi s Magnetoneter Data MSB
Hy., Y Axi s Magnetoneter Data LSB
Hy. Z Axi s Magnetoneter Data MSB
Hz., Z Axi s Magnetoneter Data LSB
A m X Axis Accel eroneter Data MSB
A X Axis Accel eroneter Data LSB
Av. m Y Axis Accel eroneter Data MSB
Ay Y Axis Accel erometer Data LSB
Az m Z Axis Accel erometer Data MsSB
Az Z Axis Accel erometer Data LSB
Table I1.7 3DM Magnet onet er and Accel eronmeter Data
For mat

f. AQRS 104 Rate Gyros

The Systrom Donner AQRS 104 rate gyros neasure
the angle rates of change (p, q, & r) about the Body-Fi xed
axis. The angle rates are neasured by an Analog to Digital
converter sanpled from the Tattletal e8. Since neasurenents
only require an A to D sanple, the only timng issue
involved in determ ning the maxi mrum sanple rate is the tine
required for the Tattletale8 to make an A to D sanple.
Therefore the nmaximum sanple rate is only limted by the
rate at which the Tattletale8 can nmake A to D sanples and
transmt them to the nmpdem Current software is set to
sanple at 40 Hz. The three sensors are actually wired to

the Tattletale8 in the order (p, r, & q), so the sanples

17



have been reversed in software to provide the conventiona

order (p, q, & r) in the output data stream
g. | MJ Data For mat
In order to distinguish each package of data a
two-byte header is added to the beginning of each data
package as shown on Table (I1.8):
Dat a Header Formats
Header Header Dat a
( Hex) (Deci mal ) Data Type Si ze G der
FF FF 255 255 IMJTT Ato D Data 28 Bytes M5B, LSB
EE EE 238 238 GPS Dat a 29 Bytes M5B, LSB
DD DD 221 221 GPS TT Ato D Data 16 Bytes M5B, LSB
Table 11.8 | MJ Dat a Headers
D. Al R DATA
1. Ai r Speed
Two basic pressures are wused for nmeasurenment of
ai rspeed, static and total pressure. The static pressure is
the atnospheric pressure at the flight |I|evel of the
aircraft, while the total pressure is the sumof the static
and the inpact pressure, which is the pressure devel oped by
the forward speed of the aircraft. The relation of the
three pressures can thus be expressed by the follow ng
equati on:
pp = p+q. (1)
Were p; is the total pressure, p is the static
pressure, and qc the inpact pressure.

18




In inconpressible flow, the pressure devel oped by the
forward notion of a body is called the dynam c pressure q,

which is related to the true airspeed V by the equati on:
1
a =7 (2

From Equation (2), p is the density of the air and V
is the speed of the aircraft relative to the air.

For conpressible flow, the nmeasured inpact pressure (Qc
is higher than the dynamc pressure and the effects of
conpressibility nust be taken into account. Since the FROG
operates in the |ow subsonic range, conpressibility effects
are ignored.

The airspeed of the FROG is conputed based on dynam c
pressure neasurenent using a pitot-static probe nounted at
a wingtip and pressure transducers. The dynami c pressure is
“fed” into a pressure transducer that in turn converts it
to the analog voltage signal. Wth proper calibration and
application of Equation (2), the airspeed of the UAV can be
conput ed.

The pitot-static probe is a straight 26 inches |ong
conventional type with four static pressure sensing ports
| ocated 1.125 inches aft of the total pressure port.

The pressure transducer used is a 0-4 inches HO
differential pressure transducer that gives an output
signal of 0 to 5 volts.

19



Figure I1.7 Pitot-Static Probe Layout

Figure 1.8 Pressure Transducer

G TN

P ‘-J':H-ﬁ -y = ']

Figure I'1.9 Pitot-Static Probe Muunted on FROG
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2. Angl e of Attack and Sideslip Angle Sensor

Angle of Attack (Alpha, «o AOA) is defined as the
angle between the relative wwnd in the plane of symetry
and the longitudinal axis of the aircraft. Sideslip Angle
(Beta, pB) is defined as the angle between the w nd vector
and the plane of symmetry. Figure (I11.9) illustrate these

definitions:

Figure I1.10 a and B Definition

Wnd vanes nounted on potentioneters are used to
measure o and. 3 Note that the g vane actually neasures
“flank angle of attack” but since « is small, true B can be
approxi mated by “flank angle of attack”.

The vane-potentioneter assenbly is nounted on a probe
that is simlar to the pitot-static probe at the wing tip.
The wnd vanes are attached to the shaft of the
potentionmeter. As the UAV pitches and/or yaws, the vanes
rotate and that causes the shaft to rotate. The rotation of

the shafts changes the resistance of the potentioneters and
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an anal og output voltage signal is produced. Wth proper

calibration, the o« and g angles of the FROG are obtai ned.

Figure I1.11 a and B Vanes Munted on Potentioneters

Further details about air data capture, calibration
and processing can be found in Chapter three (lIl1l.) and
[Ref. 2].

E. COCRDI NATE SYSTEMS

To develop the relationship between the GPS and the
IMJ that is needed for attenpting a Wnd Estimation
solution, an understanding of coordinate systens involved
is essential.

Four different coordinate systens are used in this

t hesi s:
. True Inertial Coordinate System {I}
. Local Tangent Pl ane Coordi nate System {LTP}

. Body- Fi xed Coordi nate System {b}
. Wnd or Flight Path Coordi nate System {w}
For the purposes of this thesis, the rotation of the

earth and its associated Coriolis' forces can be ignored
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and the Local Tangent Plane Coordinate System can be
considered to be a True Inertial Coordinate System Further
i nformati on about Coordi nate Systens can be found in [Ref.
3].

1. True Inertial Coordinate System {I}

The True Inertial Coordinate System is a set of
mutual Iy perpendicular axes that neither accelerate nor
rotate with respect to sonme fixed point in space. Newon
assunmed there was a reference franme whose absolute notion
was zero, fixed relative to the stars, and it is in this
reference frane where Newton's l|laws are valid. However,
Newton's laws of notion can also be applied to any
reference frame as |long as the proper coordi nate

transformati ons are used.

2. Local Tangent Pl ane Coordi nate System {LTP}

This coordinate system is defined by extending a ray
from the center of the earth to its surface. A plane is
attached tangent to the point of intersection of the ray
with the Earth's surface and this point becones the origin
of the system Wiile it is sonmewhat arbitrary, for our
purposes it is defined the positive x-axis direction as
pointing true weast, the positive y-axis direction as
pointing true north, and the positive z-axis direction as
pointing up (away from the center of the earth). This is
depicted in Figure (I1.12).
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G eenwi ch
Meri di an - { NEU}

Tangent
Pl ane

Equat or Line

Figure I1.12 Local Tangent Pl ane Coordi nate System

3. Body- Fi xed Coordi nate System {b}

The Body-Fixed Coordinate System is a right hand
orthogonal system with the origin at the center of gravity
of the air vehicle. The positive x-axis direction points
toward the nose. The positive y-axis direction points out
the right wing and the positive z-axis direction points
towards the bottom of the air vehicle. The velocity of the
air vehicle with respect to the Inertial Coordinate System
resolved along the x, vy, and z axes of the Body-Fi xed
Coordi nate System are termed u, v, and w, respectively.
The angular rate of rotation of the air vehicle wth
respect to the Inertial Coordinate System resolved in the
Body- Fi xed Coordinate System are called p, g, and r,
respectively. Positive values for angular rates in the

Body- Fi xed frane are shown in Figure (11.12).
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Vertical axis

Zg

Figure I1.13 Body Frame Angul ar Rates Definition

4. Wnd or Flight Path Coordinate System {w}

The Wnd Coordinate System is also a right hand

orthogonal system with its origin at the center of gravity

of the air vehicle. The x-axis is aligned with the velocity

vector of the air vehicle. The orientation of the Wnd
Coordi nate System with respect to the Body-Fi xed Coordi nate

System is defined in terns of the angles o and g. The

equations for

o and g are given bel ow

a =tan™ (V%) (3)
g =sin? (V/</) (4)
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(WIND)

Figure I1.14 W nd Coordi nate System Definition

5. Coordi nate Transformati ons

In order to use the coordinate systens nentioned
above, one nust be able to transform between them freely.
For this thesis two transformati ons are going to be used:

a. Body to Inertial {b} to {I}

The Euler Angles ¢ ©6 and y, naned roll, pitch,

and yaw are defined in order to express the orientation of
the Body-Fixed Coordinate System wth respect to the
Inertial Coordinate System For the purposes of this
thesis, a 3-2-1 Euler angle transformation will be used.
The 3-2-1 transformation is given wthout an explanation
but a good devel opnment can be found in [Ref. 3 and 4].
Nature of the angular rotation is nore apparent when the
transformation s expressed as the product of three
rotation matrices. In the case of a 3-2-1 rotation

sequence, the three matrices in Equation (5) correspond to
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rotations about the yaw, pitch, and roll axes of the air

vehi cl e.
cos¥ sin¥ 0f|cos@ 0 -siné||1 0 0
'V = |-sin¥ cos¥ 0 0 1 0 0O cosg@ sin ¢ "V
0 0 1||sin@ 0 cos@ ||0 —-sing@ cos @
(5)

O course, the three matrices can be multiplied

out for an analytic result contained in a single matri x:

'V = |cos @siny¥ cos @cos ¥ +sin gsin Bsin ¥ sin gcos ¥Y+cos @in &in
-sinéd sin gcos @ cos @cos @

(6)

cos@dcos¥ —-cos@sin®¥+sin gsin fBcos ¥ sin gin Y+cos @in @&os ?
by/

Wiere 'V is a free vector resolved in {lI} and °V
is the same vector resolved in {b}. The inverse is also
defined, since the transformation is orthonormal. The
inverse is the transpose of the rotation matrix shown in
Equation (6).

As previously nentioned, the |IMJ used on the FROG
for this thesis is equipped with rate gyros that provide
the angular velocity conponents in the Body Coordinate
System (p, q and r). The body reference frane’s angular
rate can be related to the change of Euler Angles by a

transformation matrix [Ref.4]. This is given by:

9 1 singtan @ cos gtan 6||p
6| =10 CoS @ -sin g gl (7)
0O singsec @ cos gsec 6||r
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b. Wnd to Body {w} to {b}

The angles o and g define the orientation of the
Wnd Coordinate System with respect to the Body-Fixed
Coordi nate System therefore a transformation matrix can be
obtained that relates a free vector resolved in {w} to the
same vector resolved in {b}. The transformation is
expressed as:

cosacosf -—-cosasinf -sina
bV = sinpf cos 8 0 Y (8)
sinacosf -sinasinf cosa

Wiere PV is a free vector resolved in {b} and W

is the sane vector resolved in {w}.

F. W ND ESTI MATI ON THEORY

As stated in the previous point (E. ), for this thesis
Local Tangent Pl ane Coordinate System {LTP} is considered
to be True Inertial Coordinate System {l}, therefore the
Wnd Estimation can be obtained by solving the follow ng

equati on:

w

Vo = Vo —WRVY,, (9)

The vector 'V, stands for *“wind velocity in the

inertial frame” which is actually the True Wnd that needs

to be estimated.

The vector 'V, stands for “velocity of the body with
respect to the inertial franme solved in the inertial
frame”. 7, is given directly by the DGS and for Wnd

Estimati on purposes only conponents of the x-axis and y-
axi s are consi dered.
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The vector V

b.w

stands for “velocity of the body wth
respect to the wind frane”.
The matrix 'R represents the transformation natrix

form the Wnd Coordinate Systemto the Inertial Coordinate
System where:

IR=!R2R (10)

The matrices R and R are rotational matrices defined
by Equations (6) and (7), therefore when both matrices are
applied to a free vector resolved in the Wnd Coordinate
System {w}, the same vector resolved in the Inertial
Coordi nate System {1} is obtained.

wRVo . = JRURY,, = 'V,

b, w

(11)

The vector ‘Vb'W stands for “velocity of the body wth

respect to the wind frame solved in the inertial franme”.
Equation (5) that solves for Wnd Estimation can be
graphically represented by:

I
V"I ¥

v,

W

Figure I1.15 Wnd Estimation Sol ution
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I11. WND ESTI MATI ON MODEL

Due to the conplexity of the nodel at hand it will be
presented using smal |l er nodul es.
The general layout of the Wnd Estinmation Model is

shown in Figure (I11.1):

[NPS MU DATA RECEIVE | After the calibration blocks

allvalues refer to

| |
| |
|
RE-237 | International Units (kg, m, s) J|
Mainboard | |
Setup : :
1ML RS232 MU | _
: Inpmcalibrating bloctﬁom3 i aoal WinGRS
u
MU Calibr ationt |
Dota |—WBEl data MU0 | e I beta
RSO ] > InFu’“calil:urating block™® | e
il I g il GPS Caliarationt I Out3
| | par
DAG BBl decoder | D
| PP irting biodi™ i
: 22D Caliorationd wair
Target Scope : : Eulet, deg —}-5
1d: 4 | | ULIE) “ops Quts
Seope (<PCY1 | | Wips
| | R
| | ULIE) GrTr Outh
| GITr . —
| Wind Estimation
An advantage of Real Time Work Shop / Xpc Target use lies | Se\fscctti%rns
in getting output data with the same Output Rate | airt
regardless the actual rate of incoming heterogenious signals |
I Target Scope‘_
| 14: 6
|
Figure I'11.1 Wnd Estimation Mdel Layout

Figure (111.1) includes three main sections. The right
hand side nodul e conputes Wnd, the central nodul e executes
necessary calibrations of the incomng data in order to
obtain physical mnmeaning of it, and the left hand side
nodul e addresses data capture, i.e., capturing data com ng
from the FROG s |IMJ through both Tattletal e8 and decodi ng
it.

The above solution was constructed in a SIMLINK

environment and subsystens/blocks from the xPC Target
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library where included in the capturing/decodi ng nodul e, so

a Real -Time Wrkshop nodel could be later build.

A W ND ESTI MATI ON SOLUTI ON MODULE
The Wnd Estimation solution will be based on the
theory presented on Chapter two (I1). Recall Equation (8),
(9), (6) and (7).
Vo = Vo —WRVY,, (8)

w

wR=LRIR(9)

'V = |cos @siny¥ cos @cos ¥ +sin gsin Bsin ¥ sin gcos ¥Y+cos @in &in
-sinéd sin gcos @ cos @cos @

(6)

cos@cos¥ —-cos@sin®¥+sin gsin fBcos ¥ sin gin Y+cos @in @&os ?
by/

cosacosf -cosasinf -sina
bV = sinp cos S 0 Y (7)
sinacosf -sinasinf cosa

From the above set of equations, Wnd Estimation wll

be obtained by solving for 'V, (wind velocity in the

w

inertial frame). This will be the output of interest for
the estimation nodel and the following inputs wll be
needed:

. V,, (for the nodel V;,GPS): Obtained from the DGPS

ground speed. For Wnd Estinmation purposes only
conponents of the x-axis and y-axis are to be
calculated and considered. In this conponent
cal cul ati on, DGPS heading (for the nodel GT,) and
DGPS ground speed (for the nodel Vys) are
required as the inputs.
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V,

b.w

Data sensors. Again, for Wnd Estinmation purposes

only conponents of the x-axis and y-axis are to

(for the nodel V) ): Obtained fromthe Ar

be cal cul ated and consi der ed.

a and g (for the nodel aoa and beta): Obtained
fromthe Air Data sensors.

o, 6 and y (for the nodel phi, theta and psi)
The Euler Angles are obtained from the angular

rates p, q and r given by the FROG s | MJ.

Inertial ¥elocity
& VoS
Vaps VInGRS W inertial from DGPS

- P+ P G Tr

Rurway heading —»{ 1)

WinGPS

) 4 .
> » h—».
Wind
Selector
=gl {1 )
Moige Filter Vair
Velocity E
wind to Body gD
Euler, deq
MorthiEastDown
In1 Ot #h\ e 5 )
p.a.r L,/ A
" Moige Filter Angular Rates R2D1 o
Radians to Degrees
Figure I11.2 W nd Estimation |Input Visualization and

General Layout

Details of the main blocks for the above figure can be

found in Appendi x B.
In Figure (111.2), the vertical rectangular blocks in

the center part of the nodel (green colors) perform the

mathematics related with |Rv,, = \R;RV,, and the square

shape block at the top part of the nodel (nagenta col or)
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sol ves for thi. These two last results are subtracted and

the Real Wnd velocity is obtained.

The selector on the right hand side of the nodel
di sregards of the z conponent for the estimted w nd, as
only conponents of x and y axes are going to be used.

When solving for the velocity of the platform in the
inertial frame, the DGPS input for the Gound Track GT,
nmust consider an initial condition related with the headi ng
of the FROG at the take-off position. This is acconplished
by the subtraction of the constant (293.52627.) that
corresponds to the orientation of the runway in degrees
given by the DGPS at the take-off position of the FROG

B. DATA RECEPTI ON MODULE

The Wnd Estimation nodel uses a RS-232 Minboard
block from the xPC Target library of SIMLINK to setup the
serial port wused for receiving inconming data from the
Tattletales. As seen on Chapter Two (Il.), the arriving
data will be presented in three different types of sentence
structures, which can be recognized by its headers. Once
the data has been received it nust be decoded in order to
obtain the individual input variables that the nodel wll
handl e.

In the decoding part, first a header nust be found in
t he I ncom ng seri al dat a and dependi ng on its
identification a decoding procedure nmust be applied to the
rest of that particular sentence to obtain variables of
i nterest.

To acconplish the header/data identification and the
| ater data decoding procedures, software interface drivers

where witten in C Programmng and conform to S-function
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this work,

[Ref. 5]. Dr.
which is out of

Vliadimr

t he scope of

Dobr okhodov ( NPS)

codes are included on Appendix B for further reference.

Block Parameters: IMU.RS1 =
— 12 32zetup [mask] [link]

RS-232

NPS IMU DATA RECEIVE I

Setup

RE-232
hlainboard
Setup

IMU RS232

ainboard

Ro.2a2 Port: |[®
hdainboard

Ml RE232

Data |—pw] BB data Lttt

— Parameter

W

Setup Baud rate: |384DD

S Mumber of data bits: Is

Nurnber of stop bits: |1

GPSout [ ---- - 3
Header Header Twpe

220wt |- - -

Figure I11.3

Data

Header

LAl

DAQ BBl decoder '

Parity: INDne

Frotocol: INDne

Send buffer size:

Lef Led Lo Lo 14

{1024

Receive buffer size:

[Target Scope |1024
1d: 1

Soope (xPC)1

Initialization command structure;

i

Termination command structure:

i

o]

Cancel | Help | Aippl |

(80 e {Lengtn bene Zdouble

Constant MPS IMU reciver hlod

o1 B [doubie)
Enab\e T
Alrays
Enable NP5 IMU Receive Ritnlel

Figure I11.4
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Dat a Recei ve Layout and RS-232 Setup

Block Parameters: NPS IMU Receive

 5-Function

made
this thesis. The,

x

User-definable block. Blocks may be written in M, C, Fortran or &da and
rust conform to S-funchion standards. txu and flag are automatically
pazsed to the S-function by Simulink. "Estra" parameters may be
specified in the 'S -function parameters’ field

P

S-function name:

Ireadserial

S-function parameters:

Ipnrt,width,samplime

(0] I Cancel Help Lpply

Dat a/ Header

Bl ock Details



B8l data I A

GRSout
Header Type  op o

BBl decoder

Lengthz

Figure I'11.5 Dat a Decoder
From Figures (111.4) and (l111.5) the witten software
interfaces drivers where “readserial”, which generates the
out put vectors Header and Data; “inudec”, which generates the

out put vector IMUout; “gpsdec”, which generates the output
vector GPSout, and “a2ddec”, which generates the output
vector A2Dout (codes for software interfaces drivers are

i ncl uded on Appendi x B).

C. DATA CALI BRATI ON MODULE

The Calibration Mdule receives three vectors IMUout,
GPSout and A2Dout. For each vector, every elenent contains a
numerical representation of data that has been originally
measured by a sensor, pre processed by the Tattletal es and
decoded in the Data Reception Mdul e.

The purpose of the Calibration Mdule is to perform a
correlation between those nunerical quantities and their
corresponding value in the MKS Units System so that every
neasurenent perfornmed by a sensor could be used as a
variable in the Wnd Estimation Mdel.
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The Wnd Estimation Mdel uses only sone elenents of

each vector and they will be expl ai ned separately.

1. The | MJout Vect or

Only five elenents of this vector are wused as
variables of the Wnd Estimation Model: Angle of Attack
(aoa), Sideslip Angle (beta) and the three angular rates
obtained fromthe IMJs rate gyros (p, q and r):
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L—— T smokel

1-st smoke
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beta, deg O2R

00099527 °0(1-17011+7.5__ | o s
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36.6935%(U " 4.096/32768-1.941 T4)+0.0051*1 800 '—bE—) 4
(5 j E ] r_drift
o, deais D2R2
36.5942%(u(1)74.096/32768-1.9391)+0.0248*1 80/pi
r, degis O2R3
=I36.636?*(u(1)*4.096r32?68-1 .840953+0.0062*1 BOfpi I—rh
n, denf’s D2R4

w a1
Fena

w U(1)*
2-nd smoke

IMUout

w] UrTy
Hit

o U1
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N
Hz
0.0024744%u(11-1946.34) |

A, mist2
»{ 0.0084166%(u(1)-218058) |
Ay, mis"2
»{ 0.00866"u(1)-3068.13)-9.86194 |
he reference level forthe aoa=7.5 deg I
Figure I11.6 Cal i bration Mdul e | MJout Vect or
For the five variables shown in Figure (Il11.6) the

incoming nunerical values are converted into Degrees (for
the angl es) and Degrees per Second (for the angular rates).
Once these new representations are obtained, Degrees are
converted to Radi ans so MxTLAB trigononetric functions can be
| at er used.

In order to obtain the mathenatical expr essi ons
contained in the rectangular blocks (blue) of Figure

(I'11.6), sensor calibration procedures nust be carried out.
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This work was performed in Laboratory under controlled
environnments and consists on obtaining a wde range of
nunerical representations given by the data acquisition
package of the nodel (i.e. Tattletale processing and
decoding procedures) against it corresponding neasured

val ue.
The data is then tabulated and the calibration

equations are obtained via curve fitting tools.
For Al pha and Beta sanpl es where recorded every 5° over
a range of £ 40° and the following plot of the tabulated

val ues was obtained [Ref. 2]:

Alpha Beta POT Calibration (Done on aircraft)

& Alpha POT
W Beta POT
— — —Linear (Alpha POT)
40 |—|— — —Linear (Beta POT)

y =0.0099514x -129.2 »
s

,®

s

N

N
LN

5000 10000 , 15000 20000 25000
s

N

N

s e
401 3 y = -0.0099527x + 170.11

Voltage [V]

Figure I11.7 Al pha and Beta Sensor Calibration Results

Conmparing the curve fitting equations shown in Figure
(rrr.7) wwth the correspondi ng bl ocks of Figure (lI11.6), it
can be verified that for Beta the equation was applied
directly. For Al pha, the sign difference was corrected by a
(-1) nmultiplication (red triangular block) and a 7.5°
correction was included because of an angular difference
bet ween the Al pha vane pod and the |ongitudinal axis of the

FROG once the sensor was installed on the wing tip.
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To obtain angular rate equations (p, q and r), the
FROG s | MJ was nounted on a Tilting Rotary Tabl e Mdel TRT7
built by, HAAS Automation Inc. and available at the
Controls Laboratory of the NPS Electrical Engineering
Depart nment .

An accurate control system provided by the rotary
table, allowed tilting the IMJ at different angular rates
while nunerical values from the rate gyros where obtained
by the data acquisition package of the nodel. Again, all
correspondi ng data was tabul ated and equati ons where found.

From t he obtained data, constant drift characteristics
where observed on each gyro and those values where
corrected as can be seen in Figure (I11.6) (green blocks).
Furthernore, from the sensor calibration procedures it was
detected that the rate gyros for p and g where oriented in
the wong direction. Later this was physically confirned
and was corrected by a (-1) multiplication (red triangular
bl ock) .

2. The GPSout Vect or

Only two elenments of this vector are used as vari abl es
of the Wnd Estimation Mdel: Gound Speed (Vgps) and
Ground Track (G Tr).

Both signals are obtained from the DGPS Trinble Agl32
and do not require any kind of sensor calibration. The
sentence format shown in Chapter two (Il.) is captured and
decoded by the data acquisition package of the nodel.

The only issue that has to be considered at this point
is that the DGPS velocity given in Knots and the track in
Degrees. Corrections are nmade in the red triangular bl ocks,
as velocity nust be converted to Meters per Second (MS)

and Degrees to Radians (MATLAB S requirenent).
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Figure I11.8 Cal i brati on Mbdul e GPSout Vect or

3. The A2Dout Vect or

Only one elenment of this vector is used as an input
variabl e of the Wnd Estinmation Mdel: Ar Speed (Vair).

A simlar sensor calibration procedure to those used
for signals in vector |IMJout was perfornmed and a quadratic
equation was inplenented in this nodule. Details of this
sensor calibration can be found in [Ref. 2].
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Figure I11.9 Cal i brati on Modul e A2Dout Vect or
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| V. FLI GHT TEST

The Wnd Estinmation Mdel was constructed in a SiMLINK
envi ronnent using subsystens from the XxPC Target library.
This characteristic of the nodel allows using MATLAB s
Real -Time Wrkshop to provide a real-tinme devel opnment
envi r onment from where Wnd Estimation results are
obt ai ned.

To acconplish this, FROG is connected with a rapid
prototypi ng target conputer PC-104 (xPC Target). The target

conput er is i nked to t he physi cal sensors and
M Cr opr ocessors (Tattl et al e8) to carry out dat a
acqui sition. Real -Time  Wrkshop transforms the Wnd

Estimati on Model to C code and creates an executable of the
nodel and places it on the target system

The nodel is downl oaded from a ground station Host PC
via the Data Link assenbly described in Chapter Two (I1.),
which also allows the required real-tine nonitoring of w nd
estimation results. Figure (1V.1) shows the general |ayout

Real-world
lant/controller x. o I A/D, D/A, DIO, counters
Hard el CAN, R8232, GPIB

of this environnent:

Host PC Target PC
PC Hardware: desktop/PC104/
Compact PCI, SBC, etc.
MATLAB PCIISA Bus; more than fifty
Simulink I/0 devices supported
RTW Real-Time Kernel
xPC Target (32 bit protected mode)
RTW-generated application —»
Host-Target
Communication

+4—— Parameter tuning, monitoring, etc. ——»

Figure IV.1 XPC Target Environnent [From Ref. 6]
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A FLI GAT TEST PROFI LE AND GENERAL PROCEDURES

The FROG was flown at the McMIlan Airfield at Canp
Roberts, California on 9 COctober 2002. The main objective
of the test was to verify the Wnd Estimation Mdel by
conparing its wind estimation results against real wnd
measurenents perfornmed by the NPS Meteorol ogy Departnent.
The flight profile for the UAV was straight and |Ievel
passes on the runway heading with a turn at each end at an
approximate flight Ilevel of 50 feet AG. Figure (IV.1)
shows the flight profile of the test flight obtained with
the GPS unit onboard the FROG and an aerial photo of the
airfield. The flight profile 1is in GPS coordinates
(Longi tudi nal M nutes versus Lateral M nutes).

46.2 Q
45.9 / :/
ol A
AN
RSy

42.9 42.95 43 43.05 43.1 43.15 43.2 43.25 43.3

GPS Lat Min

Figure V.2 Flight profile of FROG during test flight
(left) and McMIlan Airfield (right)

NPS Meteorol ogy Departnent perfornmed data collection
at the denonstration site. The collection was done wth
t hree ground-stations and one Rawi nsonde system (balloon),
whi ch allowed a 3-D description of the tested air vol une.

The ground station systens operated continuously

during the entire time collection period. The Raw nsonde
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system was used at scheduled tinmes to collect profiles of
vector wi nds, tenperature, and hum dity.

For the continuous ground-based measurenents, portable
i nstrumented et eorol ogi cal towers were installed on
Cctober 2, 2002 in continuous operation node until renoved
Cct ober 10, 2002. The tower designation and | ocation were:

West Tower: 50 ft South of the NWend of the runway.

East Tower: on a hill several hundred ft North of the
m dpoi nt of the runway.

North Tower: 50 ft north of the SE end of the runway.

Figure IV.3 I nstrument ed Portabl e Meteorol ogi cal Tower

The towers were instrunented for true vector w nd
(speed and direction reference to true North), air
pressure, air tenperature and humdity. The sensors were
sanpled at 1 Hz and the output averaged over a two-mnute

i nterval .
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B. TEST FLI GHT RESULTS

Validation of the Wnd Estinmation Mbdel was based on a
nine-mnute flight at 50 ft high over MMIlan Airfield,
following the flight profile showed on Figure (I1V.). The
data collected during the flight was used to estimte w nd
and conpare it to neasured true wind by the neteorol ogi ca
equi pnment .

Val i dati on | egs wer e referred to the r unway

orientation of 290° so data of interest was collected during

general DGPS headi ngs of 300° and 120°. The average speed
for the FROG for the valid paths was 66 knots.

Next figure presents the results of wnd direction and
velocity (left side) as well as the data collected by the

net eorol ogical towers (right side). This data corresponds

to a general heading of the FROG of 280°.
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Figure IV. 4 Wnd Estimation Results Straight Path
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Surmmary of the conparison of the averaged results is
presented in a table bel ow

_ W nd Magni t ude Wnd Direction
Real RZerFt g’bde' 6.5 n's 210°
eaenn s 9 s
Error 1- 3 ms 1°-5°
Table 1V. 1 Wnd Results Conparison

From t he above table we have:

North

Wind
Estimation
model

::1**-5**/

Meteorological
data

Figure IV.5 Wnd Direction Results

Clearly, the wind velocity and direction results match
those obtained by the neteorological towers fairly well.

This conparison indicates that Wnd Estimati on based on the
UAV sensors was successful .
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C. REAL- TI ME PRESENTATI ON FOR W ND ESTI MATI ON

The real-time presentation of the results was done
usi ng SImMuLINK/ Real - Ti me Wor kshop avai |l abl e features.

A sinple SIMLINK npbdel as the one shown in Figure
(I'V.6) can be run on the Host PC. The “From xPC Target”
bl ocks available in the xPC Library capture real-tine
output variables from the Wnd Estimation Mdel. This is
possi bl e since both conputers are connected via the Data
Li nk assenbly.

Once these variables are available in the SMLIN
nmodel , they can be mathematically related and results can
be di splayed using blocks fromthe D als and Gages Library.
This can be seen in Figure (IV.6):

ADA

¥

Fram «<PC Target -

Generic Mumeric LED

From «PC Target 1 -__a‘tan2
L

Trigonometric
Function

Generic Mumeric LED1

|- -

From =FC Target2

From #PC Target3

Generic Numeric LEDZ
- Math ‘-
Function2

Generic Numeric LEDS
= u2 Generic Numeric LEDG

 ath
Functioni

Figure IV.6 Real - Ti me Presentati on Exanpl e
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V.  CONCLUSI ONS AND RECOVENDATI ONS

A CONCLUSI ONS

The primary goal of this thesis was to obtain real-
time Wnd Estimation based on data collected by enbedded
sensors of a UAV platform and to validate those results by
a conparison to wind neasurenents obtained by calibrated
nmet eor ol ogi cal equi prent.

H ghly accurate nmet eor ol ogi cal and navi gati on
informati on has been obtained during the flight tests that
prove the efficiency of the UAV enploynent. Devel oped
hardware architecture has confirnmed the idea of a real-tine
dat a acqui sition ai rborne unit for t he t ask of
nmet eor ol ogi cal prediction.

Currently enpl oyed hardware conponents provide a state
of the art in portability of UAV system depl oynent. Created
real time software has shown its conpatibility with real-
time processing requirenents, adequate accuracy and
r obust ness.

Anal yzed results have revealed a significant potenti al
and promsing direction in UAV based system that should be

further addressed.

B. RECOMVENDATI ONS

Future work would include an inprovenent of hardware
design that allows nore flexibility in hardware rigging. It
shoul d support an exchangeable utilization of nore precise
and nunerous heterogeneous sensors including a “full”
variety of possible chem cal/biological agents detectors.

Software enhancenent should address two principal
issues that allow noving the project onto direction of
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i ncreased aut onony. The first t opi c i ncl udes an
i npl enentation of conplinentary filtering technique to
provi de better resolution of the heterogeneous information
from variety of possible sensors. The other issue should
address the devel opnment and inplenentation of pilot support
tools to extend the operational area and sinplify the
navi gation task. It can be achieved by the devel opnent and
i npl enentation of such trajectory pattern (grid) where UAV
is autonomously guided and also by enploying a nodern GPS
based technique through the real-tinme visualization of
navi gati onal dat a.
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196 UAVs: USA
BAI TERN
Type

Multipurpose, semi-expendable UAV.

Development

The TERN {(Tactical Expendable Remote
Navigator} was originally designed and
developed by H-Cubed Corporation of
Columbia, Maryland. The programme was
acquired by BAI Aerosystems in 1983.
Capable of a variety of applications, it is
recoverable in peacetime training missions
but of sufficiently low cost that it could be
discarded after a battlefield mission if
necessary. On 1 October 1992, a TERN set
up an endurance record in FAI Class F3a
for unmanned aircraft of 33 hours 39
minutes 15 seconds. A straightline
distance record in the same class was set
on 28 September 1993 with a flight of
24580 n miles (455.23 km; 282.87
miles).

Airframe

Pod-and-boom  fuselage with  high-
mounted wing, sweptback fin and rudder,
and low-set tailplane; wing fitted with flaps;
GFRP/epoxy construction. Engine
mounted above wing centre-section; fixed
tricycle landing gear.

Mission payloads

Can include colour TV camera, thermal
imager or hazardous agent sensors. One
variant (TERN-C) has carried a remote IR
sensor for aerial detection of chemical
warfare agents. Another (FOG-R) has been
fitted with an Optelecom Fibre Optic
Datalink (FODL) and fiown non-line of
sight ‘over and below the hill’ for uplink
command of the UAV and downlink video
imagery. The latter version is stated to be
proof against jamming.

Guidance and control

UHF (400 MHz) radio command uplink for
remote control; D-band (1.8 GHz) video
downlink with data sideband. Options
include programmable autopilot, GPS
navigation and fibre optic datalink. Wing
flaps can be trimmed to enable slow flight
speeds for surveillance, or fully extended to
assist landing in restricted spaces.

Transportation
Wings detach for containerised storage
and transportation.

Launch
Conventional wheeled take-off.

Recovery
Conventional wheeled landing.

Operational status
In production.

Customers

Has been used by US Army as surrogate
fibre optic guided missile (FOG-M) and as
an NBC sensor vehicle. Also used by Naval
Weapons Center and ARDEC.

Prime contractor
BAI Aerosystems Inc, Easton, Maryland.

April 1999

Figure A 1

APPENDI X A. DESCRI PTI ON CF THE FOG R

UAV (NPS FROG)

TERN air vehicle three-view (Jane’s/John W Wood)

Power plant
blade fixed-pitch wooden propeller.

Dimensions
Wing span
Wing area
Length overall
Height overall
Wheel track

Weights
Weight empty
Max payload
Max T-O weight

Performance

Max level speed

Normal cruising speed

Loiter speed

Stalling speed

* Range

Typical endurance at above cruising
speed

* Extendable in autonomous flight mode

One 7.5 KW {10 hp) 150 cc two-cylinder two-stroke engine (type not known); two-

1998

3.10m(10ft2.0in)
157 m?2(16.94 sq ft)
248 m(8ft1.5in)
0.86 m (2 ft 10.0in)
0.74m (2 ft5.0in)

17.7 kg (39.0 lb)
13.6 kg (30.0 Ib)
34.0kg(75.0 1)

70 kt {129 km/h; 80 mph}

48-52 kt (88-96 km/h; 55-60 mph)
35-43 kt (64-80 km/h; 40-50 mph)
31kt {57 km/h; 35 mph)

8.6 n miles (16 km; 10 miles)

3h

JUAVT-ISSUE 11

FROG Mai n Characteristics
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APPENDI X B. W ND ESTI MATI ON MODULE DESCRI PTI ON

The objective of this appendix is to provide a
detail ed description of the Wnd Estimtion Mdule used in
the Wnd Estinmation Mdel. Mathematics in this appendix
refer to Chapter Two (I1.)

On Figure (B.1), the blue blocks correspond to SIMILINK
library Variable Selectors that provide the necessary

i nputs to the nodul e:

NPS IMU_DATA RECENVE | After the calibration blocks
all values refer to
RS-232 International Units (kg, m, s}
Mainboard
Setup
MU RS232 L] )
lnpmcalibraﬁng piofane anal WinGPS
u
MU Calibarstion
Data |—|BBl data MO e heta
GPSout WP, cting bioo™ Ve
Header Header TYpBA2Dout gt
GPS Calibration par
DAL BBI decoder oD
lnpmu:alibraﬂng block ™S o Hiind
u
220 Calibration UUE) P 3
Wair
Margets Euler, deg —b-.ﬁ
arget Scope
I1d: 4 - UL(E) Vigps Quts
Seope (xPCY1 Yops
part (5 )
LB GrTr Quth
GITr - ——
Wind Estimation
" - - - " YWector
An advantage of Real Time Work Shop / Xpc Target use lies Selections
in getting outpat data with the same Output Rate Vairt
regardless the actual rate of incoming heterogenious signals
Target Scope i
146
Figure B.1 Wnd Estimation Mdul e General Layout
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The Wnd Estimation Block (white on Figure B.1) mainly
cont ai ns:

Inertial Velocity Block (mgenta).

Vel ocity Wnd to Body Bl ock (light green).

Nort h/ East Down Bl ock (dark green).

Recall Figure (111.2):

Inertial ¥elocity
- vons .
Viaps VGRS Y inerial from DGPS
- P+ P GrTr
GrTr )
Rumway heading —» 1
WinGPS
v
P b _a
T | .
> > ED
Wind
Selector
Maoise Filter Vair 4’.
Velocity 2
Wind to Body 1)
Euler, deq
MorthiEastDown
Nl Outl JL,T/,\ 5
PRI Noise Filter Anguiar Rates R2D1 P

Radians to Degrees

Figure B. 2 From Chapter Three Figure (l11.2)

For the Inertial Velocity block we have:

uGPS
uf1*cosiu(2) -
. Yops
2
Uit rrsin(ui)) - T

VinGPS
W3PS
W3PS
Figure B.3 Inertial Velocity Bl ock.

Note that the w conponent of the DGPS velocity is

cancel | ed.
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For the

have:

Welocity
Mind to Body

Velocity Wnd to Body Transformation block we

aoaibeta Wind ta Body
-—hana beta Ruwzb [—j uT N
h atriz Vb
wind frame Multiply .'-
[E:l
Fow to Column

cos(u[1]F cos(u[2])

11

-casu[1]Fsinfu2])

21

-sinfu[1])

31

aoalbeta

sin(ul2])

&—

12

cosufZ]) Feshape —P@

22 Ruwizb
Fezhape

u] Sl =33

32

sinfu[1]F costu[2])

13

-sinfu[1]Fsinfu[2])

23

—
]
-
-
-
-
-
-
Ly

cos{u[1])

Figure B. 4

For

consi der ed.

t ube of the UAV (I ongitudi nal

the Wnd Frane
This represents the inpact

33

Wind to Body Rotation bl atrix

Wnd to Body Transformation

input only the x conponent is

wi nd over the pitot

axi s) .

53



For the North/East/Down bl ock we have:

T
e i T e [
phidot  Dizerate-Time DCM Reshape Multiply n

thetadot  Integrator from Euler Angles 91233 Wiz=0 ve

Product
psidot
@
phi, theta, psi vh

MNorthiEastDown

coS(U[aN oS (U2
phi 11

.
tr;estia _,1 sinfuaNTcos Uzl
—

12
-sinfu[2])
13
—b{ cosfu[3lFsinful2lFsingu1 D-sinful2l cos{u[1]
21
—b{ sinfuEN*sinfu[2]* sin(ul1 +cos{u[3) " cas{u[1])
22 Do
costufP*sinfu[1]
23
cos(U[3D*sin(ul2]* cosu1+siniu[3]*sin{u[1])

-
—..| N
|
_—

sin(uL3Fsiniu 2l os(u(l -cos Ul sinu )
32
cos(ul2]Feasiul])
33

DCM fram Euler Angles

Figure B.5 Body to Inertial Transformation

And for the “phidot thetadot psidot” block we have:

u[1]+uf2] sinfu[EFtanfu S u [317 cosu [ Ftaniu [5])

phidaot
F
9 W) costu [ FulET =in(u[4])
f thetadot phidot
thetadot
o UEIsinCu [ ¥ eom u S U3 cosu [V eos(u[S]) psi
phi
theta psidot
psi

Figure B. 6 Phi dot Thet adot Ppsi dot Bl ock
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APPENDI X C. SOFTWARE DRI VERS

This appendi x contains the C Programrng source code
witten to receive and decode the data streanms from the
FROGs IMJ Dr. Vladimr Dobrokhodov wote these drivers.
Al the C codes had to be packaged into MATLAB s S-Function
Level 2 structure which adopts a specific sequence to
initialize a sinulation block, update its states, control
sanpling rates, output data and termnate the function.
Each set of code has to be “MEX’ by a conpatible C conpiler
in MATLAB and ‘build into executable code by xPC s Real-
Ti me Workshop before it can be called fromwithin a S MiLINK
block as a S-Function. Details of how this is done are

di scussed in [Refs. 5 and 6].

1. SERI AL DATA RECEI VE DRI VER

readserial .c

#define S_FUNCTI ON_LEVEL 2
#undef S _FUNCTI ON_NAVE
#defi ne S _FUNCTI ON_NAME readseri a

#i ncl ude <stddef. h>
#i ncl ude <stdlib. h>

#i ncl ude "t mM ypes. h"
#i ncl ude "sinstruc. h"

#i f def MATLAB_MEX FI LE

#i ncl ude "mex. h"

#el se

#i ncl ude <w ndows. h>

#i ncl ude <string. h>

#i ncl ude "rs232_xpci nport. h"
#i ncl ude "time_xpcinport.h"
#endi f
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/* lnput Argunments */

#defi ne NUMBER OF ARGS (3) / *Nunber of paraneters in
a bl ock paraneters
di al og */

#defi ne PORT_ARG ssCGet SFcnParam( S, 0) /*Nunber of Serial Port*/

#defi ne W DTH_ARG ssGet SFcnParam( S, 1) /*Maxi mum wi dt h of
I NCOM NG sent ence per
packet */

#define SAMP_TI ME_ARG ssGet SFcnParan(S,2) /*Sanple tine*/

#define NO_| _WORKS (3) /*Current pos pointer in
buf, rec |ength,
buf Count */

#defi ne NO_R _WORKS (0)

#def i ne NO_P_WORKS (0)

#defi ne NO D WORKS (1) /*for buf array*/

#defi ne HEADER (36) /*$- sign*/

static char_T nsg[ 256];

extern int rs232ports[];

unsi gned char remmins; /*global array to save renmains after
subtracting procedure*/

static void nmdlInitializeSizes(SinStruct *S)
{

#i f ndef MATLAB_MEX FI LE

#i ncl ude "rs232_xpci nport.c"

#i nclude "time_xpcinport.c"

#endi f

ssSet NunSFcnPar anms( S, NUVBER _OF ARGS) ;
i f (ssCGetNunSFcnParans(S) != ssGet SFcnParanmsCount (S)) {
sprintf(msg, "Wong nunber of input arguments passed.\n
"o@ argunents are expected\n", NUMBER OF ARGS);
ssSet Error Stat us(S, nsg) ;
return;

}
/* Set-up size information */

ssSet NunCont States( S, 0);

ssSet NunDi scStates( S, 0);

ssSet Nunmut put Ports(S, 3); [*func-call,data, header index*/
ssSet Num nput Ports( S, 2); /*rec length, enable*/

ssSet Qut put Port Wdth(S, 0, 1); /*Function-call*/

ssSet Qut put Port Wdt h(S, 1, (int)mkGetPr(WDTH ARG [0]); /*Data*/
ssSet Qut put Port Dat aType(S, 1, SS U NT8);

ssSet Qut put Port Wdt h(S, 2, 1); / *Header i ndex*/
ssSet Qut put Port Dat aType(S, 2, SS U NT8);

ssSet | nput Port Di rect FeedThrough(S, 0, 1);
ssSet | nput Port Di rect FeedThrough(S, 1, 1);
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ssSet | nput Port Wdth(S, 0, 1);
ssSet |l nput Port Wdth(S, 1, 1);

ssSet | nput Port Requi redCont i guous(S, 0, 1);
ssSet | nput Port Requi redConti guous(S, 1, 1);

ssSet NunBanpl eTi nmes(S, 1) ;

ssSet Num Wor k(S, NO_I _WORKS);
ssSet NumRWor k(S, NO_R WORKS) ;
ssSet NumPWor k(S, NO_P_WORKS) ;
ssSet NumDWor k(S, NO D WORKS) ;

ssSet DWor kDat aType(S, 0, SS U NT8);
ssSet DWrkWdt h(S, 0, (int)mGetPr(WDTH ARG[O0]);
ssSet DWbrkW dt h(S, 0, 2048);

ssSet Nunmvbdes(S, 0);
ssSet NumNonsanpl edZCs( S, 0);

/* This S-function’s paraneters cannot be changed in the middle of */
/* a simulation, hence set themto be non-tunable. */

{

int_T ntune;
for (ntune=0; ntune < NUMBER OF ARGS; ntune++) {
ssSet SFcnPar amNot Tunabl e(S, ntune);
}

}
ssSet Options(S, SS_OPTI ON_EXCEPTI ON_FREE_CCDE |
SS_OPTI ON_PLACE_ASAP) ;
}

/* Function to initialize sanple tines */

static void mdlInitializeSanpl eTi mes(Si nStruct *S)

{
ssSet Sanpl eTi me(S, 0, nxGetPr(SAVP_TI ME_ ARG [0]);
if (nmxGet N( (SAMP_TI ME_ARG) ) ==1) {
ssSetffsetTime(S, 0, 0.0);
} else {
ssSet O fset Time(S, 0, nxGetPr(SAMP_TI ME_ARG)[1]);
}
ssSet Cal | Systentut put (S, 0);
}
/* Function: ndl Start */
/* s s —————————————— */
/* Abstract: */
/* At the start of simulation in RTW print a nessage to the MATLAB */
/* command wi ndow i ndi cating that sonmething is going on. */

#defi ne MDL_START /*Change to #undef to renove function*/
#i f defi ned( MDL_START)
static void mdl Start (Si nStruct *S)

{
#i f ndef MATLAB_MEX_FI LE

ssGet I Wrk(S)[0] = O; /* set current buf pointer = 0 */
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ssCGet I Wrk(S)[2] = O; /* set bufCount = 0 */

printf("\n readserial.c: This is a beginning of data | ogging
procedure");

#endi f

}
#endi f

/* Function to conpute outputs */

static void nmdl Qutputs(SinStruct *S, int_T tid)
{

#i f ndef MATLAB_MEX_FI LE

int width = (int)mkGetPr(WDTH ARG [0]; /*specify output port w dth
=W DTH ARG that is the max
I ength of GPS sentence*/
int port = (int)nkGetPr(PORT_ARG )[0] - 1; /*specify COVH*/
unsi gned char tnp; /*tenp char hol der*/
unsi gned char *buf = (unsigned char *)ssGetDWrk(S, 0);/*uchar buffer
to contain bytes
fromserial port*/
int *current = ssCetlWrk(S); [*current = addr of current position
pointer in buffer*/
int *recLength = ssGetIWrk(S) + 1; /*recLength = addr of received
data | engt h*/
i nt *buf Count = ssGet|Wrk(S)+ 2; [ *count nunber of useful bytes in
buf f er*/

int serbufCount; /*count nunber of useful bytes collected in Seria
buf f er*/
int i, j,checksum
i nt *bl _header; / *bool ean values for | MkE1l, GPS=2 and A2D=3
sent ences, O0=not hing found*/
int headw dth=2; /*length of header except*/
int inmulng=28, gpsl ng=31, a2dl ng=18; /*initialize |length of
| MJ(28), GPS(29+2{CR, LF}) and
A2D( 16+2{ CR, LF}) sentences wi t hout
header */

if (ssCetlnputPortReal Signal (S, 1)[0] == 0) /*If there is no bytes
avail abl e so function is disabled. Stop
processi ng and get out */
return;

ser buf Count = rl 32eRecei veBuf fer Count (port); /*Check nunber of
byt es avail abl e*/

whil e (serbufCount) { /*transfer everything fromserial buffer to

buf fer*/
tmp = rl 32eRecei veChar (port);

58



if ((tmp & Oxff00) !'= 0) { /*only last 8 bits can be
non- zer o*/

printf("RS232Receive Error: char & Oxff00 !'= 0 \n");

return;
}
buf [(*current)++] = tnp & Oxff; /*put valid char into buffer
& nmeans if both operand equa
to 1 the output assigns to 1*/
ser buf Count - - ; / *reduce ser buf Count */
(*buf Count ) ++; /*increase buf Count correspondi ngly*/

}

if (*bufCount < width) return; /*Not enough bytes to decode
out put ol d val ue*/

/* Initialize |ogical flags* /
i = 0;

whi | e(((buf[i]==221 && buf[i+1] ==221) |
(buf[i]==238 && buf[i+1] ==238) |
(buf[i]==255 && buf[i+1] ==255)) == 0 && | < (*buf Count- 1))

{ i=i+1; } /*end of while. Just looking for any first
header */

/* Begin to substruct corresponding arrays if we have enough bytes */
whi l e (i+max(max(inul ng, gpsl ng), a2dlng) <= (*bufCount)) {

checksum = buf[i]*256 + buf[i+1];
=0 + 2

i f (checksumF=65535 & i +inmulng <= (*bufCount)) {
/*1 MJ Header FF FF -255 255 take imulng bytes and
send it out*/
*bl _header=1; /*IMJ found*/
nencpy(ssthCUtputPortS|gnal(S 1), buf +i , i mul ng);
i =i +imlng; /*next byte to process*/
} [*if checksum mat ches*/

if (checksum == 61166 & i+gpslng <= (*bufCount)) {
/*@PS Header EE EE -238 238 take inulng bytes and
send it out*/
*pbl _header=2; /*CPS found*/
nencpy(ssGEtCUtputPortslgnal(S 1), buf +i , gpsl ng) ;
i =i + gpslng; /*next byte to process*/
} /*if checksum nmat ches*/

i f (checksum == 56797 & i +a2dlng <= (*bufCount)) {
/*A2D Header DD DD -221 221 take imulng bytes and
send it out*/
*bl _header=3; /*A2D found*/
nentpy(ssGEtCUtputPortS|gnal(S 1), buf +i , a2dl ng) ;
i =i + a2dlng; /*next byte to process*/
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} /[*if checksum mat ches*/
/*end of subtracting while*/

/* Send Header index to know how nmuch bytes has to be decoded in each
nessage */

mencpy(ssCGet Qut put Port Si gnal (S, 2), bl _header, 1);
} /*end of while*/

/* Substitute remain bytes fromthis step at the beginning of "buf"
save renain bytes into the "buf" and shift current to the end of
a new buffer */

if (i<(*bufCount)) {
*puf Count =*buf Count-i; //nunber of remain bytes
for (j=0;j<*bufCount; j++) {buf[j]=buf[i];i++;} /*end of for*/

*cur rent =* buf Count ;

}
ssCal | SystemWt hTid(S, 0, 0); /*issue done pul se to outport 0*/

return;

#endi f
}

/* Function to perform housekeepi ng at execution term nation */

static void ndl Term nate(Si nStruct *S)

{
}

#i fdef MATLAB MEX FILE /*Is this file being conpiled as a VEX-file?*/
#i ncl ude "sinmulink.c" /*MEX-file interface nmechani snt/

#el se

#i ncl ude "cg_sfun. h" /*Code generation registration function*/
#endi f

2. ANALOG TO DI G TAL DATA RECEI VE DRI VER

a2ddec. c
/* File : a2ddec.c
$Revi sion: 1.00 $V. Dobr okhodov */

#i ncl ude <stdlib. h>
#i ncl ude <mat h. h>

#i ncl ude <stdi o. h>

#i ncl ude <i ostream h>
#i ncl ude <string. h>

#define S_FUNCTI ON_NAME a2ddec
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#define S FUNCTI ON_LEVEL 2
#i ncl ude "sinstruc. h"

/* I nput Argunents */

#defi ne NUMBER OF ARGS (1)
#defi ne WDTH ssGet SFcnParam(S, 0) /*WDTH is the max. |ength of
i ncom ng | MJ sentence*/

/* Build checking */
static char_T nsg[ 256];

/* Function: ndlInitializeSizes
Abstract :
Setup sizes of the various vectors. */

static void mdlInitializeSizes(SinbStruct *S)

{
ssSet NunSFcnPar ans(S, NUVBER OF ARGS) ;

i f (ssCGetNunSFcnParans(S) != ssGet SFcnParansCount(S)) {
sprintf(msg, "Wong nunber of input arguments passed.\n"
"0d argunments are expected\n", NUMBER OF ARGS);
ssSet Error Stat us(S, nsg) ;
return; /*Parameter nmismatch will be reported by Sinulink*/

}

if (!ssSetNum nputPorts(S, 1)) return;

ssSet | nput Port Wdth(S, 0, int)mGetPr(WDTH)[O0]);/*DYNAM CALLY S| ZED

ssSet | nput Port Di rect FeedThr ough(S, 0, 1);
if (!ssSet NumQutputPorts(S,1)) return;

ssSet Qut put Port Wdth(S, 0, 8); /*A2D | engt h=8 DYNAM CALLY Sl ZED*/
ssSet NunBanpl eTi mes(S, 1);

/* Take care when specifying exception free code. See sfuntnpl _doc.c */

ssSet Options(S, SS OPTI ON_EXCEPTI ON_FREE_CODE |
SS _OPTI ON_USE_TLC W TH_ACCELERATOR) ;

/* Function: mdlInitializeSanpleTi nmes
Abstract:
Specifiy that we inherit our sanple time fromthe driving bl ock */

static void nmdlInitializeSanpl eTi mes(Si ntruct *S)

{
ssSet Sanpl eTi me(S, 0, | NHERI TED SAMPLE TI ME) ;
ssSetO0ffsetTinme(S, 0, 0.0);
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/* Function: ndl Qutputs */

static void mdl Qut puts(SinStruct *S, int_T tid)

{
int_T i=0,]j=0;
I nput Real PtrsType uPtrs = ssGetl nput Port Real Si gnal Ptrs(S, 0);
/*Incom ng data streant/
real T *y = ssCet Qut put Port Real Si gnal (S, 0);
int_T tenp[100]; /*make an aliase for the uPtrs*/
char ext[]="\0";
int count=0,len_in;
for (i=0; i<(*uPtrs[0]); i++) {temp[i] = ( int_T)(*uPtrs[i+1]);}
for (i=0; i<(*uPtrs[0])) {
*y++=(real _T)(tenp[i+0]*256 + tenp[i+1]);
i =i +2;
} /*from GPSAt oDO t o GPSAt oD7*/
}
/* Function: ndl Term nate
Abstract:

No term nation needed, but we are required to have this routine. */

static void ndl Termi nate(Si nStruct *S)

{
}

#i fdef MATLAB_MEX FILE /*Is this file being conpiled as a MEX-file?*/
#i ncl ude "sinulink.c" [ *MEX-file interface mechani snt/

#el se

#i ncl ude "cg_sfun. h" / *Code generation registration function*/
#endi f

3. GPS DATA RECI EVER DRI VER

gpsdec. c
/* File : gpsdec.c
$Revi si on: 1. 00 $V. Dobr okhodov */

#i ncl ude <stdlib. h>
#i ncl ude <mat h. h>

#i ncl ude <stdi o. h>

#i ncl ude <i ostream h>
#i ncl ude <string. h>

#defi ne S _FUNCTI ON NAMVE gpsdec
#define S_FUNCTI ON_LEVEL 2

#i ncl ude "sinstruc. h"

/* I nput Argunents */
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#defi ne NUMBER OF ARGS (1)

#defi ne WDTH ssGet SFcnParan(S,0) /*WDTH is the max | ength of incom ng
| MU sentence */

/* Build checking */

static char_T nsg[ 256];
/* Function: ndlInitializeSizes
Abstract :

Setup sizes of the various vectors. */

static void nmdlInitializeSizes(SinStruct *S)

{
ssSet NunSFcnPar anms( S, NUVBER _OF ARGS) ;
i f (ssCGetNunSFcnParans(S) != ssGet SFcnParanmsCount (S)) {
sprintf(nsg,"Wong nunber of input argunents passed.\n"
"o@ argunents are expected\n", NUVBER OF ARGS);
ssSet Error St at us( S, nsg) ;
return; [*Paraneter msmatch will be reported by Simulink*/
}
if (!ssSetNum nputPorts(S, 1)) return;
ssSet |l nput Port Wdth(S, 0, (int)mGetPr(WDTH)[O0]);
/ * DYNAM CALLY_SI ZED*/
ssSet | nput Port Di rect FeedThr ough(S, 0, 1);
if (!ssSetNunfutputPorts(S,1)) return;
ssSet Qut put Port Wdt h(S, 0, 12); /*GPS | engt h=12 DYNAM CALLY S| ZED*/
ssSet NunBSanpl eTi mes(S, 1); /*Take care when specifying exception
free code - see sfuntnpl _doc.c */
ssSet Options(S, SS_OPTI ON_EXCEPTI ON_FREE_CODE |
SS_OPTI ON_USE_TLC W TH_ACCELERATOR) ;
}
/* Function: nmdlInitializeSanpleTines

Abstract:
Specifies that we inherit our sanple tine fromthe driving block. */

static void nmdlInitializeSanpl eTi mes(Si nBtruct *S)

{
ssSet Sanmpl eTi me(S, 0, | NHERI TED_SAVPLE_TI ME) ;

ssSetOFfsetTime(S, 0, 0.0);
}

/* Function: ndl Qutputs */

static void nmdl Qutputs(SinStruct *S, int_T tid)
{
int_ T i=0,j=0;
I nput Real PtrsType uPtrs = ssGetl nput Port Real Si gnal Ptrs(S, 0);
/*1 ncom ng data streant/
real T *y = ssGetQutputPortReal Signal (S, 0);
int_T tenp[100]; / *make an aliase for the uPtrs*/
char ext[]="\0";
int count=0,len_in;
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for (i=0; i<(*uPtrs[0]); i++){tenp[i] = ( int_T)(*uPtrs[i+1]);}

*y++=(real _T)(tenp[0]);

*y++=(real _T)(tenp[1]);

*y++=(real _T)(tenp[2] + tenp[3]/10);

*y++=(real _T)(tenp[4]);

*y++=(real _T)(tenp[5] + (tenp[6]*2"24 + tenp[7]*2"16 +

t enp[ 8] *278+ tenp[9])/1000000) ;

*y++=(real _T)(tenp[10]);
*y++=(real _T)(tenp[11] + (tenp[12]*2724 + tenp[13]*2"16 +

tenp[ 14] *278 + tenp[ 15])/1000000);

*y++=(real _T)(tenp[16]);

*y++=(real _T)(tenp[17] *256 + tenp[18] + tenp[19]/100);
*y++=(real _T)(tenp[20] *256 + tenp[21] + tenp[22]/100);
*y++=(real _T)(tenp[23]*256 + tenp[24] + tenp[25]/100);
*y++=(real _T)(tenp[26]*256 + tenp[27] + tenp[28]/10);

}

/* Function: ndl Term nate
Abstract:
No term nation needed, but we are required to have this routine. */

static void ndl Term nate(Si nStruct *S)

{
}

#i fdef MATLAB MEX FILE /*Is this file being conpiled as a VEX-file?*/

#i ncl ude
f#el se
#i ncl ude
#endi f

"simulink.c" /* MEX-file interface nechani snt/

"cg_sfun. h" /*Code generation registration function*/

4. | MU DATA RECEI VE DRI VER

i mudec. c

I* File :

i nudec. c

$Revi si on: 1.00 $V. Dobr okhodov */

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

<stdlib. h>
<mat h. h>
<stdi o. h>

<i ostream h>
<string. h>

#define S_FUNCTI ON_NAME i nudec
#define S_FUNCTI ON_LEVEL 2

#i ncl ude

/* | nput

"sinmstruc. h"

Argunents */

#defi ne NUMBER_OF_ARGS (1)
#defi ne WDTH ssGet SFcnParam(S, 0) /*WDTH is the max | ength of incom ng
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| MU sent ence*/
/* Build checking */

static char_T nsg[ 256];
/* Function: ndlInitializeSizes
Abstract:

Setup sizes of the various vectors. */

static void nmdlInitializeSizes(SinStruct *S)

{
ssSet NunSFcnPar ans(S, NUVBER OF ARGS);
if (ssCGetNunSFcnParans(S) != ssGet SFcnParansCount (S)) {
sprintf(nmsg, "Wong nunber of input argunments passed.\n"
"o@ argunents are expected\n", NUMBER OF ARGS);
ssSet Error St at us( S, nsg) ;
return; [*Paraneter msmatch will be reported by Simulink*/
}
if (!ssSetNum nputPorts(S, 1)) return;
ssSetl nput Port Wdth(S, 0, int)mkGetPr(WDTH)[O0]);
/ * DYNAM CALLY_SI ZED*/
ssSet | nput Port Di rect FeedThrough(S, 0, 1);
if (!ssSet NunmQut putPorts(S, 1)) return;
ssSet Qut put Port Wdth(S, 0, 14); /*IMJ | engt h=14 DYNAM CALLY S| ZED*/
ssSet Nunanpl eTi mes(S, 1); /*Take care when specifying exception
free code - see sfuntnpl _doc.c */
ssSet Options(S, SS_OPTI ON_EXCEPTI ON_FREE_CODE |
SS_OPTI ON_USE_TLC W TH_ACCELERATOR) ;
}
/* Function: ndlInitializeSanpleTines

Abstract:
Specifies that we inherit our sanple tine fromthe driving block. */

static void nmdlInitializeSanpl eTi mes(Si ntruct *S)
{
ssSet Sanpl eTi me(S, 0, | NHERI TED SAMPLE TI ME) ;
ssSetOffsetTime(S, 0, 0.0);

}

/* Function: ndl Qutputs */

static void mdl Qut puts(SinStruct *S, int_T tid)
{
int_ T i=0,j=0; /*Inconming data stream *uPtrs[0]- determine the
| ength of useful bytes{28 for the | MJ*/
I nput Real PtrsType uPtrs = ssGetl nput Port Real Si gnal Ptrs(S, 0);
real T *y = ssGetQutputPortReal Signal (S, 0);
/[*int T width = ssCGet Qut put Port Wdth(S,0);*/

int_T temp[100]; /*neke an aliase for the uPtrs*/
char ext[]="\0";
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int count=0,len_in;
for (i=0; i<(*uPtrs[0]); i++) {temp[i] = ( int_T)(*uPtrs[i+1]);}

for (i=0; i<(*uPtrs[0])) {
*y++=(real _T)(tenp[i+0]*256 + tenp[i+1]);

i =i +2;
}
/*notused(j,1), airtenp, airspeed,q, r, p, phi ,tetta, Hx, Hy,
Hz, Ax, Ay, Az*/
}
/* Function: ndl Term nate
Abstract:

No term nation needed, but we are required to have this routine. */

static void ndl Termi nate(Si nStruct *S)

{
}

#i fdef MATLAB MEX FILE /*Is this file being conpiled as a MEX-file?*/
#i ncl ude "sinmulink.c" /| *NMEX-file interface mechani snt/

#el se
#i ncl ude "cg_sfun. h" / *Code generation registration function*/

#endi f
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