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MIDG Il Operating Modes

The MIDG Il has three distinct modes of operatitviU, VG (vertical gyro), and INS. The modes are toally
exclusive and the active mode is determined basedser configuration and internal operating criteriThe figure
below depicts the possible mode transitions fromvgreon.

At power-on, the MIDG Il attempts to load user dguofation data from non-volatile memory. If useméiguration
data is not present, the default configuration wél used. Run Mode is a configuration option whdettermines, in
part, how the mode transitions occur. The defaallte for Run Mode is INS.

IMU Mode Power On
IMU mode represents the most basic operation. his mode,
the MIDG Il provides calibrated values for anguleate, i

acceleration, and magnetic field. Measurements filoe GPS

receiver are also available. However, none of Load Configuration
position/velocity/attitude estimation algorithmseaexecuted.
As a result, attitude is not available, and positimd velocity y

are available directly from the GPS receiver atapHz.
Evaluate RunMode

VG Mode

VG mode adds basic attitude estimation to IMU motle VG
mode, the data from the rate sensors is accumulatprbvide IMU VG or INS
an estimate of attitude. Of course, the residurake in angular
rates causes the attitude estimate to drift awan fthe true
attitude. To correct this drift, the gravity veci@s measured
by the accelerometers) is used as an indicationhaither the
MIDG Il is level. Additionally, the magnetometeatd is used
as an indication of North direction. The vertiggto algorithm y
heavily relies on the rate sensors so that ermsaded from
vehicle acceleration are minimized.

IMU Mode VG Init

VG Fast

VG mode is further divided into sub-modes: VG_INI] Y
VG_FAST, VG_MED, VG_SLOW, and VG_SE. VG_INIT is Rate Saturation ol VG Med
the first mode that is entered after power-on & thser has o ¢
configured the MIDG Il to operate in either VG &S mode. |
In VG_INIT, the accelerometer and magnetometer taken TR Y
with high confidence as indicators of attitude. \RAST, | ‘**”**1} VG Slow
VG_MED, and VG_SLOW are successive modes in wh Lol

confidence is gradually transferred from the acocsleters and

magnetometer as indicators of attitude truth, eordte sensors | y

VG_SE is the same as VG_SLOW, except that in VG| [ L | VG SE
MIDG Il is eligible for transition into INS mode. The |

transitions from VG_INIT to subsequent VG modes ursc |

based on internal criteria. Complete transition \G_SE } 4
typically occurs within one minute of power-on. I IR INS

INS Mode S

In INS mode, the MIDG Il provides estimates of piosi,
velocity, and attitude at up to 50Hz using a setémation ——>»b Transition based on GPS availability
filter. Error-corrected angular rates and accéiena are
provided as well. In order to enter INS mode, KEDG I

must be configured for INS operation (which is thefault) and GPS must be available. The MIDG Il wot
transition into INS mode without GPS. The MIDGWIII remain in INS mode until the accuracy of itstienates
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degrade to an unacceptable level due to lack of @P&urements. In this case, the MIDG Il will sigion back to
VG_SLOW mode, proceed to VG_SE mode, and thenfaalEPS to become available once again.

The INS filter uses measurements from the inte@R5 receiver, internal magnetometer, and an extéesding
source to produce accurate estimates of positelocity, and attitude. The figure below shows hhes measurements
are applied by the filter to update the estimatBsth the magnetometer update and the externalifgagdate have
an associated confidence level that representacitigracy of the measurements. Confidence lesddeciated to one-
sigma accuracy as shown in the table (applicablertowvare 2.0.4 and greater). If magnetometer mesments are
enabled for INS mode, they are applied with a amfce level of 4. The confidence level associatigl external
heading measurements are specified with each merasat. See the MIDG Il Message Specification Dceninfor
details on using the HDG_MEAS message to providereal heading measurements.

Angular rate
Acceleration

INS Mode

Estimate State Position
——» Velocity
Attitude

Update State

Pt

Update State Logic
GPS / \
¢ [f a GPS measurement arrives, apply it.
magnetometer *If 1) anexternal heading measurement arrives,
and 2) the heading error estimate is greater than

external heading the specified external heading confidence level
then apply it at the specified level.
*If 1) mag measurements are enabled in INS mode,
and 2) the heading error estimate is greater than the
magnetometer confidence level
K then apply it at the magnetometer confidence level.

Confidence level Standard deviation
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Rate Saturation

Rate saturation occurs when the INS rotates atngular rate that is greater than what can be sebgetthe rate
sensors. In this case, the accumulation of angatarfails to produce the correct attitude becaasee of the angular
rate information is lost. Subsequently, when s#eiration occurs, the INS attitude estimate besoummeertain. To
deal with this special case, the MIDG Il switchesAG_MED mode in an effort to recover. Note thatiersaturation
should never occur in normal operation.
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