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Chapter 1. Introduction

1.1 Overview

The MIDG Il is provided with the MIDG |l Display @Configuration Program which facilitates immediateess
to the MIDG Il data for evaluation and testing waitit requiring the user to write software. All MIDGmessages
and configuration options are supported by the rauog

Jli;MIDG 11 Display B[] B4
Port Baud Options  Help
TRecord | (no file) 0kE
—Staty
Run Mode WG
Temperature [C]  0.00
MY configwald  no
Time Stamp (mz] 0O FO
Mav Sensar

p 000000 ax 000000 waw 000000
q 000000 &y 000000 pitch 000000
r 000000 &z 000000 rall 0OOOOD

FFFFFFFFFPFPI‘PPE@

Time Stamp [mz] O FO
Maw PY
00000000 W 000000 GRS P
Y 00000000 Wy 000000 = 00000000 Wy 000000
Z 00000000 Yz 000000 Y 00000000 Wy 000000
Faormat ECEF ERU £ 0ooooooo Wz 000000
_T_'HIJE INS Format ECEF ERU
Time Stamp [mg] O Fo . .
“Nav Ao Type Mo Fix FizOK no
Pz Wel Al DIFF nia TOWA ho .
H 000000 0DOOOD 0DOOOD 543 0 WHY no Time Stamp ms] 0
W 000000 000000 Q00000 Time Stamp (ms) 0
Time Stamp [ms] FO e

MawiGPS IIMUHTimeI

1.2 System Requirements

To use the MIDG Il Display and Configuration Prograhe following are needed:

« AMIDGII

e A PC running Microsoft Windows (98 SE, 2000, and & supported).

« A cable with appropriate connectors and an RS-4223-232 Converter (such as the Microbotics' SLG222
to connect the MIDG Il to the PC.

« A power supply providing 9 VDC to 36 VDC and minim® Watts output.

* A GPS antenna with SMA connector. If an active angeis used, it must be capable of operating aD&V
The GPS antenna may be omitted for limited testing.

1.3 Getting Started

The MIDG Il is shipped with a CD and a connectdsleaassembly. The CD contains documentation, tisplBy
and Configuration Program, implementation code dasip "C", and MIDG Il data parsing programs.

1.4 Software Installation

The Display and Configuration Program must be Ifestaon the PC's hard drive. Locate MIIDisplay_024.exe
on the accompanying CD and execute it. Then,viotlee instructions provided by the installation gmam.

15 ConnectingtheMIDG Il tothe PC

The MIDG Il uses RS-422 for communication due sor@bustness in industrial environments. Connadtica
standard PC requires a serial converter that ttasthe RS-422 signals into RS-232 signals tleat@mmon for
PC serial ports. Typical connection to a PC isnghin the figure below. A GPS Antenna is optioftal
evaluation, but is recommended. Using the MID@ithout GPS will result in reduced accuracy andlat
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position and velocity information. If an activetanna is used, it must be compatible with the 5 \tbe the
MIDG Il provides at the antenna connector. Notd,tn the figure, each transmit and receive idientindicates
the direction from the local pin. For example, B@s Tx pin (pin 3 on 9 pin connector) would seathdo the Rx
pin on the serial converter. The PCs Rx pin (pon2 9 pin connector). Ground is pin 5 on thémoReC
connector. Also, note that RS-422 uses a diffeabpéir to transmit and send data. The ‘a’ aridtiffixed refer to
the negative (inverted) and positive (non-invertddhals, respectively.

PC
GPS
Antenna
MIDG II Connector
Power Supply pin 10 — —pin5
91036 VDC — pind — ___—pinl
GND \
-1 Rb MIDG 11
—2 Ra
= Serial Converter <3 IPPS (low)
& Tx Tb ——4 Power In
@ Rx Ta — 5 Digital Ground
GND GND 6 Tb
@® Rb —7 Ta
(e Ra — 8 1PPS (high)
: — 9 Power Return
9 pin male - -
on PC RS-232 RS-422 10 Sheild

Typical ConnectiontoaPC

ALERT regarding antenna connection

5VDC power for active antennasis supplied viathe MIDG || GPS SMA connector. The GPS
antenna must never be connected or disconnected whilethe MIDG |1 ispowered. Connecting or
disconnecting the GPS antenna with power applied to the MIDG Il may damage the GPSreceiver,
and will void the MIDG |l warranty.

16 StartingtheMIDG |1

With the MIDG Il Display and Configuration Progranmning and the MIDG Il connected to the PC asined in

the previous section, select the appropriate patteud rate (default is 115200) from the prograemus. At this
point, the program is ready to receive data froedNHDG Il. Turn on the power supply to start théING II. If the
power supply is equipped with a current meter, toorthe current draw to make sure that it is appate for the

connected devices. The MIDG Il will nominally draout 1 Watt (e.g., 83mA at 12VDC). If the cutrdraw is

too high, turn off the power supply and check foorgs or wrong connections in the wiring. If ewhigg is wired

correctly, the displayed fields will begin to upelatith data from the MIDG 1.
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Chapter 2. MIDG Il Display

2.1 Establishing Communicationswith MIDG I
Once the Display Utility is running, the Baud rated PC communications port must be set.

Ji;MIDG 11 Display —[o =]
Port Baud Options  Help

N o filel 0kB

—Statu
Fiun Mode VG
Temperature (C]  0.00
MY config valid — no
Time Stamp [mg] 0 FO

rGPSSYInfo—————

rMav Senzar
p 000DOD &% 0O000O  waw OOODOD
q 000000 &y DO0O0DD pitch  OOODOD
1 000000 &z 000OOO  roll OOOOOD

FFFFFFFFFFF’FI‘FPE

Time Stamp (mz] 0 FO
Mav PV
¥ 00000000 % 000000 GRS P
¥ 00000000 Wy 000000 = 00000000 W 000000
£ 0ooooooo Yz 000000 Y 00000000 Yy 000000
Format ECEF EMU Z  0000oaod Wz 000000
Type INS Format ECEF EMNL
Time Stamp [mg] 0 FO . .
“Nav boc Type MaFix FixDK. no
Fos Wel Att DIFF no TOwWW no .
H 000000 000000 Ooo0o0 Sz 0 WY no Time Stamp [ms] 0
v 000000 000000 oo0oao T e fivel) @
Time Stamp [ms] 0 Fi B

Maw/GPS [ IMU/Time |

Click on theBaud menu button at the top of the screen, and séiect { e JlLs MIDG I Display
correct baud rate for your computer connectione d@éfault MIDG Il |[pgt Baud options Port | Baud Options
baud rate is 115200. comi

o i) ;@ 115200

Comz
Click on thePort menu button at the top of the screen and choase t H: :'nIM;UdE VG
communications port to which the MIDG Il is conrestt If the MIDG
Ilis powered, data will begin to update the fietatsthe screen.

Tirme Starmp [mz] 0

2.2 Nav/GPS Display Windows

The initial MIDG Il Display and Configuration Pragm screen is the Nav/GPS screen, which is dividexdseven
areas, consisting of an Artificial Horizon and Message Windows. Each message window corresporals t
message from the MIDG Il as defined in the MID@/éssage Specification document. Values displaydldea
message windows may have different scaling thart ish@esented in the message specification. Bysul values
are intended to have representation that is fantdizhe user where the values in the messageastareled to have
simple representation from a software integratiandpoint. For example, on the display, the atétangles (yaw,
pitch, and roll) are displayed in degrees, buhsnMAV_SENSOR message, they are sent in units mdisaths of
degrees. These discrepancies between the dispifain its representation in the Message Speatifin
document will be noted wherever they occur.

Many of the message windows have a parameter ll6vied by a value. These are the message flaps.value is
a hexadecimal representation of the flag infornmatibthe message. In some cases, the flag datsasepresented
in more explicit forms. For example, the NAV_PV saage flag value indicates the position formattgpd of
position fix. Those items are repeated in textrfdor convenience.

Every MIDG Il data message has a timestamp thatanes the time at which the data sample was iediaThis
time value initially represents the time in miléemds from power-on. When GPS becomes availaidejme
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value indicates the GPS time in milliseconds. Weethe timestamp is startup time or GPS timedgated by the
message flag value.

Jli;MIDG 11 Display (=] B4
Port Baud Options  Help

[ro file] 0kB

Statu
Run Mode WG
Temperature (C)  0.00
MY config valid  no
Time Stamp (mz] 0 FO

Mav Sensar
p 000000 &« 000000 paw 000000
g 000000 &y 000000 pitch 000000
1 000000 &z 000000 roll OOOOC0O

FFFFFFFFFPFH‘PPEE

Time Stamp [mg] 0 FO
Maw P
= 0ooooooo Wy 000000 —GPS PV
Y 00000000 Wy 000000 ® 00000000 W 000000
£ 0ooooooo Wz 000000 Y 00000000 Wy D00000
Format ECEF EML Z  0ooooooo Wz 000000
Type INS Format ECEF EMU
Time Stamp (mz] 0 Fi . .
M hoc Type MoFix FizOK. no
Pos Wel At DIFF no TOWY no .
H 000000 000000 000000 gys 0 WY o Time Stamp [ms] 0
W 000000 Q00000 000000 e Sinmfie) @
Time Stamp (ms] 0 FO w

MawdGPS I MU/ Time I

MIDG Il messages are presented at up to 50Hz. , Aty may be disabled. Disabled message may dxéegu In
the MIDG Il Display And Configuration program, mages are queried by double-clicking in the corradpa
message window. By default, all of the messageb®Nav/GPS screen are enabled and the messagfes on
IMU/Time screen are disabled. These defaults neaghtanged by user configuration.

2.2.1 Artificial Horizon

The Atrtificial Horizon is a pictorial representatiof the attitude of the

MIDG II. It displays:

e Pitch: The area of "Sky" (blue) will increase if the MEis aimed up,
while the "Ground" (brown) area will increase ietMIDG is aimed 7
down.

* Roall is shown on the curved scale at the top of thelajswindow, in
10° increments.

e Yaw is listed on the horizon. Note that each large tépresents a 10° 0
increment; thus, "12" equals 120°.

The data that drives the artificial horizon is taem the NAV_SENSOR GRSPYv——— 1%

message.

g
g
2

2.2.2 StatusWindow

This window di;plays data from the STATUS messageiding the current ;t:r:”mde NS
mode of operation, internal temperature in °C, whdther or not there is Temperature [C) 34,93
H : H ; ~ : Wy configvalid  wo
valid user configuration data stored in non-votatitemory. Time Stamp [me] 455280000 F 47

223 Navigation Sensor Data (Nav Sensor) Window Nav Senso

This windows displays data from the NAV_SENSOR rages The angular | g SSE - '1_2 ek 155;3

rates p, g, and r are displayed in degrees pendecbhe accelerations ax, ay ' -Sﬂ-t22 a2 égggauzfgg UF-UD2D
and az are displayed in milli-g. The attitude asgire displayed in degrees. | ™= ="
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2.24  Navigation Position and Velocity (Nav PV) Window

This window displays data from the NAV_PV messagenely the estimated
position and velocity of the MIDG II. Positiondésplayed in meters (ECEF =, _ .

or ENU coordinates) or degrees (LLA coordinates) eslocity in meters per % 119857544 Ve 003

second. Based on the current configuration settipgsition may be T 43035681 ¥no 000
. . . . £ 3825316.04 Yo oo 003

presented in ECEF coordinates, ENU coordinatesl.Ar Velocity may be Format ECEF ENU

presented in either ECEF or ENU coordinates. Theeat coordinate system | Tupe INS

in use is displayed below the position and veloeitjues. This data will Time Stamp (ms) 489280200  FC3
either be the best current estimate derived fraeriks solution or a direct

copy of the GPS receiver data. The type of sangitleer INS or GPS, is

displayed along with the data.

2.25 Navigation Accuracy Estimate (Nav Acc) Window

This window displays data from the NAV_ACC messabieshows the
estimated accuracy for position, velocity, andiadié in both horizontal and |'

Navdce R val  an
H 0.44 o0 051
W 0.44 0o 213
Time Stamp [ms] 483280000 FLCO

vertical directions.  All of the accuracy valuepresent the estimated
standard deviation of error of the associated paterfs). Position accuracy
is presented in meters. Velocity accuracy is pregkin meters per second.
Attitude accuracy is presented in degrees. Hot&attitude accuracy
indicates the probable tilt error of the solutidviertical attitude accuracy
indicates the probable heading error of the satutio

226 GPSPostion and Velocity Solution (GPS PV) Window
This window displays data from the GPS_PV messddes is data

directly from the GPS receiver. It includes pasgitivelocity, and relevant GPS;‘? 119857382 Ve 000
solution information. The position and velocitgalisplayed just as they ; ;ggggg‘gg% EE ggg
are for the NAV_PV message. Position is displapetieters (ECEF or Fomat ECEF ENU
ENU coordinates) or degrees (LLA coordinates) agldaity in meters per Tope D Fix FOK pes
second. Based on the current configuration settipgsition may be DIFF no TOWY yes
presented in ECEF coordinates, ENU coordinatesLér Velocity may SVs 8 WY pes
be presented in either ECEF or ENU coordinates ctitrent coordinate Time Stamp [ms] 453280001

system in use is displayed below the position aeidoity values.
In addition to position and velocity, the GPS_PVssage provides information regarding the detaithefGPS fix.

This includes the type of fix, whether the fix uskfferential corrections, how man SVs (satellighicles) were
used to generate the fix, and whether the fix, tiiveweek, and week number are valid.

GRS SV Info———————

2.2.7 GPS Satellite Vehicle Information (GPS SV Info) Window
This window displays data from the GPS_SVI messades data is directly from IHH@ up 07 76 14

the GPS receiver and includes status informatioe&ch SV (satellite vehice), g gg gg g; 1210 15;5
including the satellite number being tracked orha&ceiver channel, the carrier tc 12241 OC OF 41 146
noise ratio, satellite health flags, a data quatiticator, and the elevation and

1200 00 01 -3 0
. . 270 00 01 8 0
azimuth of each satellite in degrees.

14 36 0D 07 15 134
16 46 0D OF 78 206
20 44 0D 07 358 264
20 00 9 0
1210 00 9 0
25 47 0D OF 57 &1
4 0 0001 9 0
130 000 9 0
23 45 0D 07 35 314
17 0 001 9 0

Time Stamp [ms)] 489230007

FEEEFEEFFIPFERP
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2.3 IMU/Time Display Windows

Clicking on the IMU/Time tab at the bottom of thareen will display the following initial IMU/Time ata screen,
divided into four message windows. As with the KBRS screen, each message window correspondsdssage
from the MIDG 1l as defined in the MIDG Il Messa8eecification document.

Ji;MIDG 11 Display o =] |
Port Baud Options  Help
o file] kB
Ikl D ata rTIMUTE
p 030 ax A7 me -3802 Utc  2004-10-22 155358
q 005 ap A omy 1782 Accuracy [hz) 8
1 088 az -390 mz 4859 Time Stamp [ms] 483238001
Time Stamp [ms] 483242360 FCOD
T ERR
MU Mag Data Timer Bias -2
me 3802 my 1770 mz 4872 T@meTimer Bias -2
Time Stamp [ms] 489243300 F40 Time Stamp [ms] 483233000 F40
Ti PPS
GPS Time [ms) 489242000
A Em[pz] 11268
GPS wesk 1293 Foo

Naw/GPS MU/ Time |

231 Inertial Measurements (IMU Data) Window
This window displays data from the IMU_DATA messagMU data is

taken directly from the inertial sensors with ostgtic calibration applied. I Dﬂa; o e
The angular rates p, q, and r are displayed inesesgper second. The FOOE w8 omp 17
accelerations ax, ay, and az are displayed in-millThe magnetic field ro 088 az -390 mz 4853

Time Stamp [ms] 4859242360 FCO

values are in units such that a vector of leng®058 equivalent to the field
strength at calibration.

2.3.2 Magnetometer Measurements (IMU Mag) Window

This window displays data from the IMU_MAG messaghich is provided MU Mag
in the event that the user is interested in thenetg field values without the ’7mx 3802 my 1770 me 4572
additional information of the IMU_DATA message (afay rates and Vi SlEmp ()] SR FAT
accelerations). The magnetic field values are itsiguch that a vector of

length 5000 is equivalent to the field strengthaibration.
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233 UTCTime(TIM UTC) Window

This window displays data from the TIM_UTC messaféncludes UTC
time displayed in year (1999...2099), month (1),.4ay (1...31), hour
(0...23), minute (0...59), and second (0...59).
For example, a valid UTC display string would be:

“2004-10-12 20:23:48".

234 TimeError Information (TIM ERR) Window

This window displays data from the TIM_ERR messalgés a debug
message that shows the bias values of clocks itis&d®IDG 11.

235 Timeof OnePulse Per Second (TIM PPS) Window

This windows displays data from the TIM_PPS messa&ge units equipped
with the 1PPS signal at the main connector, thissage indicates what the
GPS time will be at the next pulse.

October 26, 2004

T
u
A

I UTC:

TC  2004-10-22 15:53:58

couracy [nz]

a
Time Stamp [ms) 4859238001

|

Tl

I ERR

Data Timer Bias
TimeTimer Biaz

-2
-2
Time Stamp [mz) 483239000

F 4D

|

TIM PPS
GPS Time [ms]
O En[ps)

GPS Week

433242000
11268
1293

Foo
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Chapter 3. Configuration Dialog

The MIDG Il provides configuration options to suppa wide variety of user requirements. Interfapéons

support different baud rates, message rates, gadygrotocols. Operational options allow for s&éle run-
modes and output formats for position and velocitystallation options support non-standard mounththe
MIDG IlI, and magnetometer bias removal.

Configuration is carried out using the configuratmessage outlined in the MIDG Il Message Spedifica
document. The CFG_SET and CFG_QUERY messageseateta set and retrieve configuration information,
respectively. These configuration messages workdegssing the configuration subsystem of the MID@hich
responds to requests for specific configuratiomge

This chapter introduces the configuration dialoghef MIDG Il Display and Configuration Program. €Th
configuration dialog provides simplified accesshe configuration subsystem through a graphicairfate. The
dialog has tabs that correspond to the configunatidhsystem messages.

3.1 Opening the Configuration Dialog

The configuration dialog is accessed from the Qtimenu of the MIDG Il Display and ConfiguratioroBram.

Part  Baud | Options Help
MIDG Config kB
Plaot
Shatu
Fiun Mode IN5

Temperature [C]  34.83
MY config walid  no
Time Stamp [ms] 483280000 F 47

3.2 General Configuration

Configuration information is held in non-volatileemory onboard the MIDG II. Upon startup, the natatile
memory is checked for valid configuration inforneetti If present, this information is loaded intdatde memory
as the working configuration. If no valid configtion information is found in non-volatile memonysgartup,
defaults are used. The configuration messages SEG and CFG_QUERY access the working configuratidhe
configuration information stored in non-volatile mery is unaffected by all configuration requestsept:

» CFG_SAVE, which stores the working configuratiotoinon-

- =lol x|
volatile memory.. . . ) o Formnat | Pz Ref I *Forrn I Magnetarmeter I Itnfa
» CFG_LOAD, which overwrites the working configuratiavith G | Protacol | Baud | Messages | RunMode

the information in non-volatile memory. This igetbperation that

is performed by the MIDG Il during startup. Howewvenlike

startup, if no valid configuration information isgsent in non-

volatile memory, the current working configuratisrunchanged. Revert To Saved Canfig |
« CFG_ERASE, which erases any configuration inforarastored Erase Configuration |

in non-volatile memory. This allows the defaulhéiguration to

be loaded at the next startup. The CFG_ERASE sqloes not

change the working configuration.

Save Configuration I

The Generalab of the configuration dialog provides acceshé&se ey | 5o | (st
functions.
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IMPORTANT

The Query and Set buttons appear at the bottom of each page of the configuration dialog along with a
status string that indicates the status of requests and repliesfrom the MIDG I1. A query operation
occur s automatically each time a new tab is selected in the dialog. When changes are madeto fields
in the dialog, the Set button must be pressed to send the corresponding CFG_SET request. If no
CFG_SET request issent to the MIDG 11, then no configuration infor mation will be changed.
Further, CFG_SET requestsonly make changesto the working configuration in volatile memory.
The Save Configuration button on the General page must be pressed to store the working
configuration into non-volatile memory so that it will beloaded on startup.

3.3 Protocol Configuration
The Protocol tab corresponds to the PROTOCOL cardiipn Fomat | P

=0l

*Forrn I Magnetarmeter I Itnfa

message. It allows selection of the primary comigation protocol General ;! | Baud | Messages | RunMode
used by the MIDG II. This capability is providemlgupport users of i —
MIDG I. It should not be used unless MIDG | conibiity is Qe

™ Microbotics Ascii-Hex

required. Please be advised that if the protacohanged to a MIDG | - e

protocol (AsciiHex or ZNBin), MIDG | software toolsill be required
to return the MIDG Il to its default state. Corttdicrobotics if you
need to acquire the MIDG | software tools.

Protocol changes take effect on reset. AsciHex and ZMBin
are legacy protocols that are compatible with MIDG 1. [F pou
zelect one of theze, you will need the MIDG 1 dizsplay utility
to switch back to the MIDG 2 default, Microbotics Binary.

Huemny | Set Query sent. &waiting reply.

3.4 Baud Configuration

The Baud tab corresponds to the BAUD configurati@ssage. It
allows the baud rate of the MIDG Il to be changé&the change
request will fail if the currently enabled outpuéssages require more

: =10l ]
Formnat | Pz Ref I HForrn | Magnetarmeter I Itnfa

General I Pratacal | Messagesl Fun Made

Baud
bandwidth than is provided by the new baud selactdhen a baud & 115200 13200
change is successful, and is saved into non-velatémory, the new ¢~ 57600 9600
baud rate will be used at the next startup. ~ 38400

Baud changes take effect on reset,

Huemny | Set Query sent. &waiting reply.

3.5 Messages Configuration

The Messages tab corresponds to the MSG_DIV coriigun 2 =ol x|
message. It allows the selection of output rateézh of the MIDG Fomat | PosRef | Fom | Magnstometer | Info
lI-to-Host messages. The selection of messageubrdfe is General | Protocol | Baud  Messages | Fun Mode
accomplished by choosing a divisor. The outpujdency of the »
message will be equal to 50 divided by the divisgue. If the divisor =~ M= il AL
value is zero, then the message is disabled, bystilbbe queried. [starus x| - o o
For more information in querying messages, se®MtiisG 11 Message i
Specification document.

T = specified message will be

=1 gEg oyl ~ || iz zero, the mezsage will be

disaomEn, S ah ztill be quened.

Buery | Set Query sent. &waiting reply.
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3.6 Run Mode Configuration

The Run Mode tab corresponds to the MODE confignmanessage.
This message allows the user to select the diffenses of operation
supported by the MIDG Il. The default mode is INS.

3.7 Format Configuration

The Format tab corresponds to the FORMAT configonatessage.
It allows selection of different coordinate systeémsvhich position
and velocity can be provided. Position may be jgied in ECEF,
ENU, or LLA coordinates. Velocity may be providiedECEF or
ENU coordinates. Both the INS position and velpdiNAV_PV) and
the GPS position and velocity (GPS_PV) messageaftaeted by this
selection. If ENU is selected for position outghgn the position will
be reported in meters East, North, and Up fronfereace location on
the Earth. The reference location can be eithefitht GPS fix
achieved after startup or a preprogrammed loc4tea Position
Reference Configuration). If tHENU Relative to First Fix checkbox
is selected, then the reference point for ENU pasitvill be the first
GPS fix achieved after startup.

3.8 Position Reference (Pos Ref) Configuration

The Pos Ref tab corresponds to the POS_REF coafignrmessage.
It allows the user to specify a reference pointtenEarth from which
ENU positions will be measured. This referencenpwiill only be
used if the position formatlative to first fix option is not selected.
The position reference must be provided in ECERdioates in
centimeters.

3.9 Transform (XForm) Configuration

The XForm tab corresponds to the XFORM configuratitessage. It
allows the MIDG Il to be mounted in the host vedioi any
orientation and yet still provide data in the heshicle coordinate
frame. The yaw, pitch, and roll values are thesEahgles that define
a rotation from the MIDG Il sensor axis coordinfieame to the host
vehicle coordinate frame.

Note that the values must be specified in hundsedtidegrees. For

example, if the MIDG Il were to be installed upsittewvn, theRoll
setting would be changed to 18000 (180°/0.01) .

October 26, 2004

I Config 3 JRT=T
Formnat | Pz Ref I *Forrn I Magnetarmeter | Itnfa |
General | Protocel | Baud | Messages  Punbode
M ode
MU

= Vertical Gyro

& ins

If the selection iz lezs than INS, not all mezzages will be
available from the MIDG Il. Please refer to your
daocurentation for detailz. ‘when switching from a lower
mode to a higher mode, nommal transitions take place.

Huemny | Set | Query sent. &waiting reply.

=01

Protacal | Baud I Messagesl Fiun Mode

General
Format

Pz Ref I HForm I Magnetometer I Infa

¥ | ENI Belative Ta First Fis

LA

—Welacity Farmat———
" ECEF

& ENU

Huemny | Set | Query sent. &waiting reply.

2 ;lglil
Baud I Messagesl Fiun Mode
HForm I Magnetometer I Infa

ECEF ¥ [zm) |11SSEESDD
ECEF ' [em) |-495095900
ECEF £ [em) |38253'I4EID

General | Protacal
Pos Fef

Format

Thig pozition reference location iz used to generate EMU
pozitions when the farmat option ‘realtive ta first i’ iz not
selected,

Set Query sent. &waiting reply.

I]-_'J_.Eunfig

E =10l ]
General I Protacal | Baud | Messagesl Fiun Mode
Format | Foz Ref  #Fom |

aw [0.01 deg) ID
Fitch (0,01 deg) IEI
Roll [0.07 deg) IEI

This tranzform moves the MIDG 11 output from its ovwn sensor
coordinates inta the coordinate frame of the hast vehicle.
The angles are the pave-pitcheroll euler combination that iz
required to rotate the MIDG |l frame to be caincident with the
host frame.

Magnetometer I Infa

Huemny |

Set Query sent. &waiting reply.
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3.10 Magnetometer Configuration

The Magnetometer tab corresponds to the MAG corditpn L. Config (Ol x|
message. It allows for compensation of magnetanhédses and General | Fretocol | Baud | Messages | Runbode
control of magnetometer operation in INS mode. bias values are Fomat | PosRef | ®Fom  Magnetometer | Infa
the magnetometer biases that occur when instailétki vehicle due to  -&ia
local ferrous or magnetic material. The suppliatigs will be X [0
subtracted from the magnetometer readings befeseare used by the |+ aus o

MIDG II. 1 o

When the MIDG Il is operating in INS mode, it cagtefmine heading [ enabie mag measwements in INS made
from GPS and inertial measurements alone withaafit vehicle
maneuvering. When the level of maneuvering issndficient to
maintain accurate heading, the MIDG Il filter wikgin to use the

magnetometer for heading measurements iEthable mag Quey | et Buery sent. Awalting reply.
measurementsin INS mode box is checked. This is the default
behavior.
3.11 System Information (Info) |z Config _{olx|
The Info tab corresponds to the INFO configurativessage (query General | Pratocel | Baud | Messages | FunMade |
only). It allows the user to see the product infation for the MIDG Fomat | PosRef | Fom | Magnetometer  Info
Il as well as the current firmware version. Manufactuer  Microbolics, Inc.
Product  MIDG2
PN 5l590032
SN 00108

Sk BBAETOODETBRASCI
Firrnweare  2.1.0rc2

Set Query sent. &waiting reply.

3.12 Save The Settings

Configuration changes will be lost at reset (podewn)unless they are saved in non-volatile memory by clicking
the Save Configuration button on the General page. It is not necessatlidk Save Configuration after every
setting change, but it must be done before exitiegconfiguration screens if the new settings arfeetretained
after reset.
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Appendix A. Coordinate System Overview

The MIDG Il operates using several frames of rafeee Of interest to the user are the Earth-Cedtétarth-Fixed
(ECEF) coordinate frame, the East-North-Up (ENWrdinate frame, the North-East-Down (NED) coordénat
frame, the Host Vehicle Coordinate (HVC) frame, #me Sensor Coordinate (SC) frame. A simplifiedreiew of
each frame follows; detailed treatment of thesmé&s can be found in any navigation text.

A.1 ECEF

The Earth-Centered, Earth-Fixed frame is a righmeleal, Cartesian frame in which:

» the origin is fixed at the mass center of the Earth

» the frame rotates with the Earth

« the Z axis points out of the north pole

» the X axis points out through the intersectionhaf prime meridian and the equator

GPS makes use of this frame, as defined by thedMaelbdetic System 1984 (WGS84) reference ellipgoid,
represent the position and velocity of a user ingldb the Earth.

AZ

Prime
Meridian

» Y

Equator

A.2 ENU

The East-North-Up frame is a right-handed, Cartefiame in which the Z (up) axis is perpendicutathte surface
of the Earth underneath the frame (coincident ¢dldlcal gravity vector). The X-Y plane is tang&mthe local
Earth surface. The X axis points eastward and/thgis points northward.

The ECEF and ENU frames are related by the comreodegic coordinates of latitude)( longitude &).
ECEF frame Z rotation ofA  -> Intermediate frame
Intermediate frame Y rotation ofp- -> ENU frame

) > Y
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A.3 NED

The North-East-Down frame is similar to the ENUnfimexcept that the X, Y, and Z axes point northyard
eastward, and down, respectively. The NED framesél for convenience as yaw, pitch, and roll afendd as the
Z,Y X Euler rotations from the NED frame to the g frame.

A4 HVC

The Host Vehicle Coordinate frame is the right-hethdCartesian frame of the vehicle on which the ®IDis
mounted. A convention typically used for aircrddfines the coordinate frame with the X axis oetnbse, the Y
axis out the right wing, and the Z axis down.

A5 SC

The Sensor Coordinate frame is the right-handede€ian frame of the MIDG Il. By default, thistiee coordinate
frame in which the MIDG Il presents its data. ntallation in the host vehicle requires that tefame be non-
coincident with the HVC frame, the XFORM configucat item may be used to cause the MIDG Il outpuie¢o
referenced to the HVC frame instead of the SC frame

X
o —»Y
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Appendix B. Typical Conversions

Several conversions that might be useful when degatith the MIDG Il are provided. Note that thiygnometric
functionatan2 is the same as is defined by the standard C prognag language library.

B.1 Quaternion To Euler Angles

The quaternion provided by the MIDG Il is a fouerlent vector that described the attitude of the GliDrelative
to the NED coordinate frame. The data items ofgineternion field are the components of the complaxber w +
xi +yj + zk, where i, j, and k are the unit vegoepresenting the imaginary axes. The followiogversion can be
used to generate Euler angles (yaw, pitch, roll):

yaw = atan2(2 [{x Oy + z[w), (X2 -y -z W ))
pitch = asin(— 2 [(x (z-y DN))
roll = atan2(2 [(y&+ XDN), (— X2 —y?+ 27 +W2))

B2 LLAToECEF

Often it is desirable to generate latitude, lorgdgtuand altitude from ECEF coordinates. In ordggrbceed, a few
WGS84 parameters must first be defined.

a=637813
b=6356752.342

a’ -b?

el="—

Where a and b are the semi-major and semi-mina akthe WGS84 reference ellipsoid, respectivahg el and
e2 are the first and second eccentricity, respelgtiv

Now, to convert LLA (radians and meters) to ECEe{@ns)
2
a

\/az cos @+b’sin® ¢
X eeer = (N + Altitude) cosgcosA
Yeeer = (N + Altitude) cosgsin A

b2
Zecer :(_2 N+ h]Sin¢
a

Whereqis latitude A is longitude, and h is the altitude above theraezfee ellipsoid.

B3 ECEFTOLLA

See the LLA To ECEF conversion for the WGS84 patarsea,b,el, and e2. The conversion from ECEFgset
to LLA (radians and meters) is as follows.
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p=+vX

:

Z+e2bin®ae

@=arcta

0= arctarE

%

p-e€ellaltos g

Whereqis latitude A is longitude, and h is the altitude above therezfee ellipsoid.
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